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ABSTRACT

Carnosic acid, a diterpene of Rosemarinus officinalis leaves extract (RE), has potent antioxidant activity in vitro.
The dopaminergic connection of substantia nigra pars compacta to the hippocampus might be affected by oxidative
stress which caused cognitive impairment observed in the early phase of Parkinson's disease (PD). Adult male
Wistar rats were lesioned bilaterally by intra-nigral injection of 6-OHDA, and divided into six groups: four groups
that orally given RE containing 40% of carnosic acid, at doses of 25, 50 and 100 mg/kg (treated rats) and distilled
water (H20), once daily for a period of 14 days before and after the injury. There were also two another groups as
control rats which injected by normal saline and untreated lesion group. The injured animals were evaluated for
their spatial memory performance by Morris Water Maze test. Lesioned rats showed significant increase in escape
latency, as compared with control group. Two weeks after injury, tissue samples were collected from the
hippocampus. Levels of catalase (CAT), glutathione peroxidase (GPX) and superoxide dismutase (SOD),
malondialdehyde (MDA) and reactive oxygen species (ROS) were determined. There were significant increase of
SOD, GPX and CAT enzymes activities in RE50 treated group as compared to lesioned rats. We found a significant
decrease of ROS in RE50 treated group as compared to Lesioned rats. These findings provide evidence that
50mg/kg of RE decreased oxidative damage of the hippocampus induced by 6-OHDA and serve as potential
candidate for the treatment of PD.
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INTRODUCTION

The majority of dopaminergic innervations to the
hippocampus (HPC) arise from the ventral
tegmental area (VTA) as mesolimbic system, it
was demonstrated that dopaminergic afferents
from the VTA can stimulate neurogenesis and
facilitate long-term synaptic plasticity in the HPC
(Bethus et al. 2010; Martig et al . 2011,
Ghanbarian et al. 2013). Parkinson's disease (PD)
patients show a significant decrease in dopamine
level in the hippocampus (Calabresi et al. 2013).
Previous MRI studies clearly revealed that
decreased hippocampal volume accompanied the
cognitive impairment in PD patients (Apostolova
et al. 2012).

The most widely mechanism of dopaminergic cell
death in PD is a cycle of oxidative stress (Choi et
al. 2012; Hwang 2013). Oxidative stress can
damage the cell through the oxidization of cellular
elements like membrane lipids, proteins and DNA
(Halliwell 1992). Accumulating lines of evidence
have demonstrated that oxidative stress plays a
crucial role on the pathogenesis of PD, and
dopamine-rich areas of the brain are particularly
vulnerable to oxidative stress, because metabolism
of dopamine itself leads to the generation of ROS,
including hydrogen peroxide and hydroxyl radicals
(Sriraksa et al.2012). The presence of
neuromelanin  in  dopaminergic cells and
autoxidation of dopamine responsible for the high
basal levels of oxidative stress in substantia nigra
(Munoz et al. 2012). Because of the dentate gyrus
of the hippocampus receives dopaminergic
projections from the ventral tegmental area and
substantia nigra, these connections might be
affected by oxidative stress (Hritcu et al. 2011,
Sriraksa et al.2012). The sensitivity of the
mesohippocampal pathway to selective toxins also
demonstrated its vulnerability to free radical
attack. For example, 6-hydroxydopamine (6-
OHDA) destroys dopaminergic neurons through
free radical-mediated mechanisms (Hauser and
Hastings 2013).

More recently, an increasing amount of evidence
has suggested that the mesohippocampal pathway
is also critically involved in learning and memory
processes, as indicated by the fact that many
cognitive impairments, including memory deficits,
occur during the early stage of PD even before the
development of its classical  symptoms
(Whittington et al. 2006; Costa et al. 2012).

The non-motor symptoms that include cognitive
deficits can be more important than the motor
deficits to determine the patients’ quality of life
and represent an important factor to determine the
need for nursing home care (Martig et al. 2011;
Hanna-Pladdy et al. 2013). However, studies
conducted over the last two decades have shown
that cognitive impairments, including spatial
working memory deficits, occur even in the early
stage of PD when motor symptoms are barely
observed (Hirano et al 2003; Varcin et al. 2012).
The motor symptoms of PD are more known than
cognitive disabilities. Oxidative stress induced by
reactive oxygen species (ROS) is common central
player in human PD brains and experimental
animal models of PD (Varcin et al. 2012).
Oxidative stress in brain is an important factor in
the neuropathology of PD. It was reported that rats
with SNc lesion induced 6-OHDA present deficits
in spatial memory tasks without gross motor
alterations (Ferro et al. 2005; Bellissimo et al.
2004).

The possible underlying  mechanism  of
neurotoxicity induced by 6-OHDA has been
reported to be related to the oxidative stress caused
by the production of hydroxyl radicals during
autoxidation (Soto-Otero et al. 2000; Sriraksa et al.
2012) and the inhibition of complex I (Glinka and
Youdim 1995) resulting in excessive oxidative
stress and leading to neuronal death. 6-OHDA is
one of the most common neurotoxins used in
experiments in order to mimic Parkinsonism in
rodents. 6-OHDA acts mainly by generating
reactive oxygen species due to its oxidation which
can occur spontaneously or can be catalyzed by
MAO or iron (Pienaar et al. 2010). Unilateral 6-
OHDA SNc-lesioned rats present an almost
complete loss of dopaminergic neurons in the SNc,
a proportional depletion of striatal dopamine and
gross motor disturbances, like turning behavior
and these symptoms showed a model of advanced
phase of PD characterized by gross motor
alterations (Bellissimo et al. 2004). It was reported
that, bilaterally instead of unilaterally SNc-
lesioned rats was used to avoid motor alterations
caused by an asymmetric depletion of striatal
dopamine. This model of PD seems to be
appropriate for this purpose because, in contrast to
unilaterally SNc-lesioned rats, animals with
bilateral lesioned do not present gross motor
alterations that would otherwise confound the
interpretation of poor scores in memory tasks as
indicative of cognitive impairment (Ferro et al.
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2005). Therefore, in this study the bilaterally 6-
OHDA SNc-lesioned rats were used. In these rats,
like in PD, cognitive impairment was caused by a
marked loss of dopaminergic cells in the SNc and
depletion of hippocampal dopamine (Veena et al.
2011). Recently, it was found that 6-OHDA was
recognized as a good model for the early stages of
PD, especially in terms of emotional and cognitive
deficits (Munoz et al. 2012). In the present study,
6-OHDA was employed, because it was easy to be
oxidized and of the formation of ROS, thus
leading to cell death. 6-OHDA is a selective
catecholaminergic neurotoxin that has been widely
used to produce PD models in vitro and in vivo
because it induces apoptotic activity through
oxidative stress (Veena et al. 2011). Our previous
reports demonstrated that rats treated with 6-
OHDA suffered impairments in  memory
processes, which are associated with alterations in
the brain antioxidant status and lipid peroxidation
(Ciobica et al. 2012). Consequently, several
reports suggested that many plant extracts have
neuroprotective activity against 6-OHDA-induced
toxicity through antioxidant and antiapoptotic
activities in PD models (Hritcu et al. 2011; Hwang
etal. 2011).

Oxidative stress results from an imbalance
between the cellular production of ROS and
antioxidant mechanisms that remove them,
although several antioxidant molecules in the brain
such as superoxide dismutase (SOD), glutathione
peroxidase and ascorbate can remove the ROS
(Brieger et al. 2012). For these reasons, much
interest has focused on the antioxidant defenses
including supplement with exogenous antioxidant.
Antioxidant substances have the role to protect cell
from pathogenic oxidation.

Based on the role of oxidative stress in the
pathophysiology of PD, the neuroprotective and
cognitive enhancing effects of substances
possessing antioxidant activity have gained much
attention. Therefore, drugs that exhibit multiple
properties including free radical scavenging, such
as Rosemarinus officinalis leaves extract (RE) may
serve as potential candidate for the treatment of
memory impairment of PD. There are also radical
scavengers such as ascorbate (Vitamin C), urate,
and glutathione, as tocopherol (Vitamin E),
carotenoids, flavonoids and selegiline (Ciccone
1998). Therefore, dietary supplementation with
antioxidants could conceivably protect against the
molecular effects of lipid peroxidation, free
radicals and ROS and delay the progress of many

chronic diseases. Results of the relevant studies
showed that there are biologically active
compounds in rosemary essential oil exhibiting
neuroprotective, antioxidant, anti-carcinogenic and
cognition-enhancing properties (Kosaka et al.
2010; Zhang et al. 2010).

It is suggested that the neuroprotective effect of
RE occurs partly because of decreased oxidative
damage. Leaves of Rosemarinus officinalis
possess a Vvariety of bioactivities, including
antioxidant, antitumor, anti-inflamatory and anti-
HIV (Halliwell 1992; Ramirez et al. 2006; Altinier
et al. 2007). It is composed of a vast number of
polyphenolics such as carnosic acid, carnosol,
rosemarinic acid, ursolic acid. Among these,
carnosic acid (a phenolic diterpene compound),
and carnosol are the most potent antioxidant
constituents (about 90% of antioxidant activity)
(Azad et al. 2011; Sharmila et al. 2012). Carnosic
acid (CA) is a free radical scavenger, due to its
phenolic skeleton (del Bano et al. 2003).

The present study was designed to determine
whether dietary supplementation of three
concentrations of Rosmarinus officinalis leaves
extract (25, 50 and 100 mg/kg), containing 40%
CA (with high free radical scavenging capacity)
could enhance antioxidant status in the
hippocampus of 6-OHDA induced Parkinsonian
rats. We focused our attention on its effects on the
activities of catalase (CAT), glutathione
peroxidase (GPX) and superoxide dismutase
(SOD) as well as on the levels of malondialdehyde
(MDA) and reactive oxygen species (ROS).

MATERIAL AND METHODS

Animals

The experimental protocol was approved by the
Research and Ethics Committee of Damghan
University. Adult male Wistar rats weighing 200—
250q at the start of the experiment were used. The
animals were housed in a temperature- and light-
controlled room (22°C, a 12-h cycle starting at
08:00 h) and were fed and allowed to drink water
ad libitum.

Surgery

All surgical procedures were conducted under
aseptic conditions, under ketamine-xylazine (60-3
mg/kg b.w., i.p., SIGMA) anesthesia. Rats were
mounted in the tereotaxic apparatus with the nose
oriented 11° below horizontal zero plane. Bilateral
lesioned of dopaminergic neurons located in SNc
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were produced with 6-OHDA-HBr (SIGMA, St.
Louis, MO, USA). Six micrograms, of 6-OHDA,
dissolved in 2 pl physiological saline containing
0.1% ascorbic acid were administrated through
Hamilton syringe at a rate of 0.33ul/min., and the
syringe was left in place for 5 min after injection
before being slowly removed (lesioned rats). The
control rats were injected with saline. The
following coordinates were used: 5.0mm posterior
to bregma; 2.1 mm right and left of the sagittal
suture; 7.7mm ventral to the surface of the cortex
(Paxinos 2005).

The rest of lesioned rats were divided into four
groups which treated with RE (carnosic acid
powder CAP25-110401, was purchased from
hunan genham biomedical technology Itd,China)
containing 40% of carnosic acid at doses of 25, 50
and 100 mg/kg (treated rats) and distilled water
(H20 rats) respectively, once daily for a period of
14 days before and 14 days after the injury by oral
gavage. Two weeks after injury, all rats were
sacrificed and tissue samples were collected from
the hippocampus. Afterwards all samples were
washed in ice-cold phosphate buffer saline. The
washed samples were immediately stored at 70° C
until biochemical study. Then the frozen tissue
samples were homogenized 1:10 in ice-cold 50
mM HCI-Tris buffer (pH 8) and centrifuged at
12000g for 15 min at 4° C. The supernatants were
separated and used for biochemical assay.

Behavioral analysis

Behavioral test (Morris Water Maze) for lesion
and control groups used to show parkinsonism
animal model.

Morris Water Maze

Nine days after surgery, all animals were
evaluated for their spatial memory performance by
MWM test. The swimming pool used for the test
was 190 cm in diameter and 60 cm deep. The
escape platform (100 cm?) was fixed in a
permanent position 2 cm under the water surface
during the course of the MWM training procedure.
The quadrant housing the escape platform was
defined as the target zone. Spatial reference cues
(arrow, star, circle, and rectangle) around the pool
were remained constant during the test. For spatial
learning acquisition test, the rats were trained in
MWM for 4 consecutive days using 4-trial-per-
day. The rats were placed into the pool facing the
wall randomly from one of the three starting points
located in the three quadrants except the quadrant

with the platform. If the animals failed to find the
platform by the maximum period of 60 seconds,
they would be gently placed on the platform. At
the end of each trial, the rats were allowed to rest
on the platform for 20 s. A video camera that was
mounted directly above the water maze pool
linked to a computer recorded the animals'
movement. For this purpose, the versatile tracking
system of EthoVision (Noldus Information
Technology, Wageningen) was employed and the
spatial memory was tested by measuring escape
latency. Probe trial was performed 1 day after the
last training trial, during which the platform was
removed from the pool, while all other factors
remained unchanged. Rats were allowed to swim
for 90s time spent to find out platform (escape
latency) each rat were recorded and used to assess
the performance of the animal in this memory test
(D'Hooge and De Deyn 2001; Da Cunha et al.
2002; Bromley-Brits et al. 2011)

The ROS generation was investigated using the
2’,7’-dichlorfluorescein-diacetate (DCFH-DA)
(LeBel et al. 1992).

Thiobarbituric acid reactive substances were
measured according to Ohkawa et al (Ohkawa et
al. 1979). Briefly, to glass tubes were added, in
order of appearance: 500uL of sample; 50uL of
sodium dodecyl sulfate8.1%; 1500pL of 20%
acetic acid in aqueous solution (v/v) pH 3.5;
1500pL of 0.8 % thiobarbituric acid; and 700uL of
distilled water. The mixture was vortexed and the
reaction was carried out in a boiling water bath for
1 h. The mixture was allowed to cool water for 5
min and was centrifuged 750g for 10 Min. The
resulting pink stained TBARS were determined in
a spectrophotometer at 532 Nm. TBARS were
calculated as nmol/mg protein. A calibration curve
was performed using 1,1,3,3-tetramethoxypropane
as a standard.

CAT activity was assayed by the method of Aebi
(Aebi 1984) using a spectrophotometer. This
method is based on the disappearance of H202 at
240nm in a reaction medium containing 20 mM
H202 and 10 mM potassium phosphate buffer pH
7.0. Enzymatic activity was represented according
to absorbance changes per minute/mg protein
(Mohammadi et al 2014).

GPx activity was measured according to the
method of Wendel (Wendel 1981) using tert-butyl
hydroperoxide as substrate. NADPH
disappearance was monitored at 340nm using a
spectrophotometer.  The  reaction  medium
contained 2 mM glutathione, 0.15 U/mL
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glutathione reductase, 0.4 mM azide, 0.5 mMtert-
butyl hydroperoxide and 0.1 mM NADPH.
Enzymatic activity was represented according to
absorbance changes per minute/mg protein
(Mohammadi et al 2014).

SOD activity was assayed by the inhibition of the
photochemical reduction of NBT, as described by
Giannopolitis and Ries (Giannopolitis and Ries
1977). The reaction medium comprised 0.37 ml 50
mm  K-phosphate (pH 7.8), with 0.1mm
Na2EDTA, 4 ml regenerating solution and 30 Ml
enzyme. The regenerating solution contained 2.2
UM riboflavin, 14.3 mM methionine, and 82.5 uM
NBT. Glass test tubes containing the mixtures
were placed under a fluorescent lamp. The
reaction was initiated by turning the light on and
the reduction of NBT was followed by reading the
A560 for 10 min. Blanks and controls were run the
same way but without illumination and enzyme,
respectively. One unit of SOD was defined as the
amount of enzyme which produced a 50%
inhibition of NBT reduction under the assay
conditions (Mohammadi et al 2014). Protein was
determined according to lowry method and BSA
as standard (Lowry 1951).

Statistical analyses

Data are expressed as means = S.E.M. and were
analyzed statistically by one-way ANOVA,
followed by post hoc (LSD) analysis using Tukey
test. The results were considered statistically
significant P-value < 0.05. All calculations were
performed using SPSS 11.0 statistical software.

RESULTS

Behavioral test (Morris Water Maze) for lesion
and control groups used to show Parkinsonism
animal model. Following 4 days of training in the
MWM in our experiments injured group was weak
in learning. At the end of training there was a
significant increase in escape latency in injured
group compared to the control group which
indicated an impairment in spatial memory at two
weeks after injury (Ferro et al. 2005; Napatr
Sriraksa et al.2012; Mojtaba Dolatshahi et al.
2015).
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Figurel- a: There was a significant difference between the fourth and the first day of training for the task of finding
the hidden platform in terms of escape latency in control group *(P<0.05). No difference was found in escape
latency between all days in lesioned group. CT: Control. L: Lesion group. Figure.1. b: There was a significant
increased in the escape latency in lesioned group compared to the control group ***(P<0.000).

Determination of Malondialdehyde, reactive
oxygen species levels and scavenging enzymes
activities (Mohammadi et al. 2014). Biochemical
analyses showed of the MDA level. In figure.2, the
MDA level was not significantly difference in all
doses of RE-treated rats compared to H20O and
control groups.
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Figure 2- Effect of rosemary leaves extract treatment on
MDA level in the rat hippocampus. Data are presented
as the meant SEM, the MDA level was not
significantly difference in all doses of RE-treated rats
compared to H20 and control groups CT: Control. L:
Lesion. H20: H20-gavaged rats. RE25: Gavaged rats
by RE at a dose of 25 mg/kg-RE50: Gavaged rats
gavaged by RE at a dose of 50 mg/kg-RE100: Gavaged
rats gavaged by RE at a dose of 100 mg/kg

In Figure 3, ROS level was increased in H20 and
lesioned rats as compared to control and RE-
treated groups. Administration of RE at a dose of
50 mg/kg to 6-OHDA injured animals by gavage
presented a significant decrease of ROS level
compared to lesioned and H20O-gavaged animals
(P<0/05).
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Figure 3 - Effect of rosemary leaves extract treatment
on ROS level in the rat hippocampus. Data are
presented as the mean + SEM. ROS level was increased
in H20 and lesioned rats as compared to control and
RE-treated groups. Oral gavaged rats by RE at a dose of
50 mg/kg presented a significant decrease of ROS level
compared to lesioned and H2O groups. * P<0/05
compare to H,O and lesioned groups.

In Figure 4, the activity of SOD in lesioned and
H20 groups was lower than that of the control and
also there was a significant difference between
lesion and control groups. Analysis of data showed
a significant increase of SOD activity in all doses
of rosemary treated animals compared to lesion

Maryam, HG et al.

group. It was shown a significant decrease of SOD
activity in the lesion compared to control.
Moreover we found a significant increase of SOD
activity in RE25 vs. lesion, RE50 treated rats vs.
lesion and H2O groups.
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Figure 4 - Effect of rosemary leaves extract treatment
on SOD activity in the rat hippocampus. Data are
presented as the mean £ SEM; there was a significant
decrease of SOD activity of lesioned rats as compared
to control. There was a significant increase of SOD
activity in all doses of rosemary treated animals
compared to lesion group. In addition, there were
significant increase of SOD activity in RE25 vs. lesion,
RESO0 treated rats vs. lesion and H20 groups. * P<0/05
compared to control, ** P<0/05 compared to lesion, ##
P<0/001 compared to lesion and H2O groups.

The Glutathione peroxidase activity was increased
significantly in all RE-treated groups compared to
lesioned and H20 gavaged rats (Fig.5). In addition
RE50 and RE100-treated groups showed a
significant increase of Glutation activity as
compared to control.

We also observed a significant increase of the
GPX activity in 6-OHDA-lesioned groups treated
with 50 mg/kg of the RE compared to control

group.
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Figure 5- Effect of rosemary leaves extract treatment on
GPx activity in the rat hippocampus. Data are presented
as the mean + SEM; The GPX activity was increased
significantly in all RE-treated groups as compared to
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lesioned and H20 gavaged rats. RE50 and RE100-
treated groups showed a significant increase of GPX as
compared to control. There was a significant increase of
the GPX activity in RE50-treated rats as compared to
control group. # P<0/01 compared to lesion and H20,
## P<0/001 compared to lesion and H20. *P<0/001
compared to control group.

The CAT activity was increased in all doses of
RE-treated groups as compared to lesioned and
H20 treated rats. And also, the CAT activity of
RE50 and RES50,100-treated animals were
increased significantly as compared to lesion and
control groups respectively. There was a decreased
enzyme activity of lesion and H20O groups as
compared to control (Fig.6).

Fig.6 *
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Figure 6- Effect of rosemary leaves extract treatment on
CAT activity in the rat hippocampus. Data are
presented as the mean + SEM; the CAT activity was
increased in all doses of RE-treated groups as compared
to lesion and H20 groups. The CAT activity of RE50
and RES50,100-treated animals was increased
significantly as compared to lesion and control groups
respectively. There was a decreased activity of CAT in
lesion and H20 groups as compared to control. *P<0/05
compared to lesion.
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DISCUSSION

There is considerable evidence suggesting that
mitochondrial dysfunction and oxidative damages
may play a role in the pathogenesis of PD (Hwang
2013; Morris and Berk 2015). Evidence of
increase in lipid peroxidtion and oxidation of DNA
and proteins has indeed been seen in the substantia
nigra of patients affected with PD (Munoz et al.
2012). Decreased levels of antioxidant enzyme
activity have been reported in patients with PD
(Ciccone et al. 2013). Clearly, therapeutic

strategies aimed at limiting free radical production,
oxidative stress and damage may slow or stop the
progression of neurodegenerative processes of PD.
Antioxidants are expected to have a major impact
on the treatment of PD. The natural occurrence of
antiparkinsonian drugs in plants: anticholinergics
in Datura stramonium, levodopa in Mucuna
pruriens and Vicia faba, dopamine agonist activity
in Claviceps purpura, and MAO inhibitor activity
in Banisteria caapi and Ginkgo biloba leaves
extract are known (Hritcu et al. 2011; Hwang et al.
2011; Song et al. 2012; Song SS et al. 2012; Li et
al. 2013). Green and black tea extracts attenuated
neuronal  apoptosis induced by 6-OHDA
(Chaturvedi et al. 2006; Guo et al. 2007; Bitu
Pinto et al. 2015). The extract of the Chinese herb
Tripterygium wilfordii promotes axonal elongation
and protects dopaminergic neurons from the lesion
induced by 1-methyl-4-phenylpyridinium ion
(Xiong et al. 2013).

In the present study, we prepared a parkinsonian
rat model with 6-OHDA by bilateral lesion of the
dopaminergic neurons located in the SN. This
model represents a good model of the early phase
of PD because of its mild motor impairment and
cognitive deficits and ideal to see the suitability of
neuroprotective agents (Hritcu et al. 2011).
Importantly, in recent years, it was indicated that
non motor deficits became an important part of
patient management (Whittington et al. 20086,
Hanna-Pladdy et al. 2013). Additionally, it has
been reported that 6-OHDA is an oxidative
neurotoxin to injure dopaminergic (DA) neurons
in vivo and in vitro. Oxidative stress has been
reported to induce cognitive impairment in PD, as
indicated by the fact that many cognitive
impairments, including memory deficits, occur
during the early stage of PD even before the
development of its classical symptoms (Tadaiesky
et al. 2008). The toxicity of 6-OHDA is attributed
to its oxidation by molecular oxygen and/or
monoamine oxidase. This leads to the production
of intracellular H,O, which can be transformed
into highly reactive hydroxyl radicals and produce
cell damage (Glinka et al. 1997; Wu et al. 2015). It
was determined that treatment with 6-OHDA leads
to neuronal death by the production of ROS and by
affecting mitochondria (Saito et al. 2007,
Weidinger and Kozlov 2015). Dopaminergic
neurons, the predominant cells lost in PD are
believed to be highly prone to oxidative damage.
This is due to the propensity of dopamine to
autooxidize and thereby produce an elevated levels
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of H,O, which reacts with transition metal iron
(Fe*®) and forms the highly reactive and cytotoxic
hydroxyl radicals (OH) which are known to
damage lipids, proteins and DNA. Iron is
frequently associated with neurodegerative process
(Halliwell 1992; Hwang et al. 2013; Ayton et al.
2015). The basal ganglia in particular, the globus
pallidus and substantia nigra contain high
concentration of iron which contributes to free
radical production (Halliwell 1992). Accumulation
of iron in substantia nigra contributes to the cell
death by enhancing lipid peroxidation, as judged
by raised levels of both malondialdehyde and lipid
hydroperoxides (Hauser et al. 2013; Ward et al.
2015). But the hippocampus is the most vulnerable
area to oxidative stress, it was demonstrated that
an early event in the course of dopamine depletion
following 6-OHDA  administration is the
generation of oxidative stress in the hippocampus
and it caused memory impairment (Hritcu et al.
2011; Sriraksa et al. 2012; Zaltieri et al. 2015).
The post-mortem studies from PD patients
suggested the involvement of an excess formation
of free radicals and the onset of oxidative stress in
the disease progression (Ren et al. 2009).

In this study, Although following 4 days of
training in the MWM in our experiments, control
and lesioned groups learned well as indicated by
decrease for finding the hidden platform, but
lesioned group was weak in learning. At the end of
training there was a significant increase in escape
latency in lesioned group compared to the control
group. To assess spatial memory retention, a probe
trial was performed, during which the platform
was removed from the pool. No significant
difference in the swimming time tests between two
experimental groups emerged, so 6-OHDA-
induced bilateral destruction of dopaminergic
neurons produced a significant decrease in short-
term memory without significantly affecting
locomotion. There was a significant difference of
escape latency between lesioned and control
animals, which indicated an impairment in spatial
memory at two weeks after injury (Ferro et al.
2005; Napatr Sriraksa et al.2012; Mojtaba
Dolatshahi et al. 2015). The activity of MDA was
not significantly decreased in all RE treated rats
compared to H.O and control groups, maybe the
treatment period must be shorter or longer than 14
days after neurotoxin injection. MDA level in
H>O-gavaged rats were not increased significantly
compared to control group, because of Rosmarinus
officinalis leaves extract pretreatment in H.O

group and also it would be better to determine
MDA level immediately after neurotoxin injection
and 14 days treatment after lesion caused MDA
level returned to normal level. It was revealed non-
significant statistical differences between control
and H,O groups, because of RE pretreatment.
Rosmarinus officinalis leaves extract with
antioxidant effect inhibited high MDA level. Sofia
Sanchez (2007) reported that intrastriatal injection
of 6-OHDA caused oxidative stress, which
increased during the first 2-day post injection and
returned to approximate level before neurotoxin
administration after 17 days (Sanchez et al. 2007).
And also GPx activity of 6-OHDA injured and
H20 groups was not decreased significantly
compared to control, so it protected cell membrane
against lipid peroxidation, as a result we didn't
observe an increase of MDA level in injured and
H.O-gavaged rats. It was suggested that, when the
treatment starts before injury, it causes the
reduction of ROS level and delayed neuronal
degeneration.

Even nowadays, medicinal herbs is still very
popular for treatment of PD in Asian countries
such as China, Japan and Korea (Howes et al.
2003). An extract of rosemary leaf (RE) has strong
antioxidant activity due to carnosic acid and
carnosol (Petersen et al. 2003; Perez-Fons et al.
2010). There have been relatively few studies that
have characterized antioxidant effect of RE in
animal model of PD.

We therefore suggest that Rosmarinus officinalis
leaves extract has an antioxidant effect as a free
radical scavenger. Reducing free-radicals from
cigarette smoke by using a filter impregnated by
an extract of a rosemary plant in oil was reported
(Alexandrov et al. 2006). Rosmarinic acid could
exert its neuroprotective and anti-oxidative effects
against  6-OHDA-induced  neurotoxicity in
dopaminergic neurons (Ren et al. 2009; Wang et
al. 2012; Noguchi et al. 2015).

Our results also demonstrated that RE at dose of
50 mg/kg body weight could decrease oxidative
stress by increasing the activities of SOD, CAT
and GPx in hippocampus resulting in the decrease
of lipid peroxidation level in lesioned region. SOD
catalyzes the removal of superoxide radical O2,
which would otherwise damage the cell membrane
and biological structures. GPx catalyzes the
reduction of H20, to H.O and O.. In general, a
reduction in the activity of these enzymes is
associated with an accumulation of highly reactive
free radicals, and can lead to deleterious effects
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such as loss of cell membrane integrity and
function. We found increased levels of CAT
activity in hippocampus tissues in Rosmarinus
officinalis leaves extract treated rats, and this
increase was statistically significant in RE50-
treated animals compared to H20O group. This
decrease in the enzymatic activity in H,O-treated
animals was increased in hippocampus of all
Rosmarinus officinalis leaves extract
concentrations (25,50,100), but only the 50 mg/kg
concentration had beneficial effect. The rats
subjected to the 50 mg/kg dose of RE had
significantly enhanced SOD, CAT, and GPx
activity in the hippocampus (p < 0.01, 0.01, and
0.05 resp. compared to H20 group).
Administration of RE to 6-OHDA injured animals
by gavage showed a significant increase of
antioxidants level. Antioxidants level in animals
gavaged with H20 instead of RE showed no
significant  statistical ~ differences in  the
hippocampus tissue compared to lesion group.
Antioxidant activity in hippocampus was affected
by Rosmarinus officinalis leaves extract at a
concentration of 50 mg/kg. Our results also
demonstrated that RE could decrease oxidative
stress by increasing the activity of SOD in
hippocampus, and increased the activities of CAT
and GPx in hippocampus resulting in the decrease
of lipid peroxidation level in mentioned area.
Therefore, the neuroprotective effect of
Rosmarinus officinalis leaves extract might be
related to its antioxidant effect and it could be
incorporated to the diet as a nutritional
supplement, to augment the body's defenses
against oxidative stress caused by PD. Rosmarinic
acid has been reported to protect biomembranes
against peroxidative damage (Liu et al. 1992).
Additionally, Sharmila (2012) reported that
Rosmarinic acid had potent anti-cancer, anti-lipid
peroxidative and apoptotic effect in skin
carcinogenic mice models (Sharmila et al. 2012).
Recently studies showed that there are biologically
active compounds in rosemary essential oil
exhibiting cytotoxic, antioxidant, anti-carcinogenic
and cognition enhancing properties (Halliwell
1992). Azad (2010) showed that pretreatment with
carnosic acid can reduce cellular death in the
hippocampus in  experimental ~model of
Alzheimer's disease (Azad et al. 2011).

It has been shown in an in vitro study that carnosic
acid has direct action as an antioxidant (Azad et al.
2011). Carnosic acid, like rosmarinic acid, has
been shown to be neuroprotective in both in vitro

models of neuronal death and in vivo models of
neurodegenerative disease (Liu et al. 1992). Lee
reported the antioxidant and protective effects of
RA on H;O, induced neurotoxicity in human
dopaminergic neurons (Kelsey et al. 2010).
Generally, to achieve efficacy, a candidate
antioxidant must penetrate the blood-brain-barrier
(BBB) to attain a critical therapeutic level within
the CNS and must be given as early as possible,
before the irreversible neuronal loss. It also should
fit the precise ROS physiology, for example, the
type of ROS involved, the place of generation, and
the severity of the damage (Azad et al. 2011; Luca
et al. 2015). Thus, antioxidant cocktails or
antioxidants combined with other drugs may have
more successful synergistic effects. Further well-
designed intervention trials, as well as
observational investigations based on larger
cohorts studied over a longer period of time with
several methods for assessing antioxidant
exposure, including relation to BBB penetration,
are needed to test this hypothesis. RE could
penetrate the BBB easily. Supplementation of RE
with antioxidant property along with diet will
maintain a balanced antioxidant status and may
slow down the progression of the disease. As far
as we know this is the first work that shows
antioxidant effects of Rosmarinus officinalis
leaves extract in 6-OHDA treated rats as a model
of early phase of PD.

In conclusion, the data presented here show the
cytoprotective effect of RA against 6-OHDA
toxicity in dopaminergic cells, which might
provide the pharmacological basis underlying the
traditional use of this space to improve memory
deficit of PD. Because of the neuroprotective
effect of RE might be related to its antioxidant
effect, It hopes that these data may be beneficial
for future medicinal herbs to prevent the
progression of PD.

Furthermore, the present study demonstrates that
increase of the antioxidant enzyme activities in 6-
OHDA-lesioned groups treated with 50 mg/kg of
the RE leaves extract is significantly correlated to
a decrease of lipid peroxidation (MDA), in the
hippocampus. This could suggest that the increase
of the antioxidant defence and decrease of lipid
peroxidation could be correlated with the
involvement of the RE in neuroprotection against
6-OHDA-induced neuronal oxidative stress
generation. However, further clinical trial study is
still required.
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CONCLUSIONS

This study showed that bilateral injection of 6-
OHDA could induce neurodegenerative damage
while oral administration of carnosic acid could
protect hippocampal neurons from oxidative
stress. These protective effects may be due to its
antioxidant properties. Thus, carnosic acid might
be used as a nutritional supplement.

ACKNOWLEDGMENTS

This study was supported financially by Damghan
University. There is no conflict of interest in this
article. The authors express their appreciation to
the biological school of Damghan university for
supporting this research

REFERENCES

Aebi H. Catalase in vitro. Methods
1984;105:121-126.

Alexandrov K, Rojas M, Rolando C. DNA damage by
benzo(a)pyrene in human cells is increased by
cigarette smoke and decreased by a filter containing
Rosmarinus officinalis leaves extract, which lowers
free radicals. Clin Cancer Res. 2006;66(24):11938-
11945.

Altinier G, Sosa S, Aquino RP, Mencherini T, Della
Loggia R, Tubaro A. Characterization of topical
antiinflammatory ~ compounds  in  Rosmarinus
officinalis L. J Agric Food Chem. 2007;55(5):1718-
1723.

Apostolova L, Alves G, Hwang KS, Babakchanian S,
Bronnick KS, Larsen JP, et al. Hippocampal and
ventricular changes in Parkinson's disease mild
cognitive impairment. Neurobiol Aging.
2012;33(9):2113-2124.

Ayton S, Lei P, Hare DJ, Duce JA, George JL, Adlard
PA, et al. Parkinson's disease iron deposition caused
by nitric oxide-induced loss of beta-amyloid precursor
protein. J Neurosci. 2015;35(8):3591-3597.

Azad N, Rasoolijazi H, Joghataie MT, Soleimani S.
Neuroprotective effects of carnosic Acid in an
experimental model of Alzheimer's disease in rats.
Cell J. 2011;13(1):39-44.

Bellissimo MI, Kouzmine I, Ferro MM, de Oliveira
BH, Canteras NS, Da Cunha C. Is the unilateral lesion
of the left substantia nigra pars compacta sufficient to
induce working memory impairment in rats?
Neurobiol Learn Mem. 2004;82(2):150-158.

Bethus I, Tse D, Morris RG. Dopamine and memory:
modulation of the persistence of memory for novel
hippocampal NMDA receptor-dependent paired
associates. J Neurosci. 2010;30(5):1610-1618.

Enzymol.

Bitu Pinto N, da Silva Alexandre B, Neves KR, Silva
AH, Leal LK, Viana GS. Neuroprotective Properties
of the Standardized Extract from Camellia sinensis
(Green Tea) and Its Main Bioactive Components,
Epicatechin and Epigallocatechin Gallate, in the 6-
OHDA Model of Parkinson's Disease. Evid Based
Complement Alternat Med. 2015;2015:161092.

Brieger K, Schiavone S, Miller FJ, Jr., Krause KH.
Reactive oxygen species: from health to disease.
Swiss Med Wkly. 2012;142:w13659.

Calabresi P, Castrioto A, Di Filippo M, Picconi B. New
experimental and clinical links between the
hippocampus and the dopaminergic system in
Parkinson's disease. Lancet Neurol. 2013;12(8):811-
821.

Carbon M, Marie RM. Functional imaging of cognition
in  Parkinson's disease. Curr Opin Neurol.
2003;16(4):475-480.

Chaturvedi RK, Shukla S, Seth K, Chauhan S, Sinha C,
Shukla Y, et al. Neuroprotective and neurorescue
effect of black tea extract in 6-hydroxydopamine-
lesioned rat model of Parkinson's disease. Neurobiol
Dis. 2006;22(2):421-34.

Choi DH, Cristovao AC, Guhathakurta S, Lee J, Joh
TH, Beal MF, et al. NADPH oxidase 1-mediated
oxidative stress leads to dopamine neuron death in
Parkinson's disease. Antioxid Redox Signal.
2012;16(10):1033-45.

Ciccone CD. Free-radical toxicity and antioxidant
medications in Parkinson's disease. Phys Ther.
1998;78(3):313-9.

Ciccone S, Maiani E, Bellusci G, Diederich M,
Gonfloni S. Parkinson's disease: a complex interplay
of mitochondrial DNA alterations and oxidative
stress. Int J Mol Cell Med. 2013;14(2):2388-4009.

Ciobica A, Padurariu M, Hritcu L. The effects of short-
term nicotine administration on behavioral and
oxidative stress deficiencies induced in a rat model of
Parkinson's disease. Psychiatr Danub.
2012;24(2):194-205.

Costa C, Sgobio C, Siliquini S, Tozzi A, Tantucci M,
Ghiglieri V, et al. Mechanisms underlying the
impairment of hippocampal long-term potentiation
and memory in experimental Parkinson's disease.
Brain. 2012;135(Pt 6):1884-99.

Da Cunha C, Angelucci ME, Canteras NS, Wonnacott
S, Takahashi RN. The lesion of the rat substantia
nigra pars compacta dopaminergic neurons as a model
for Parkinson's disease memory disabilities. Cell Mol
Neurobiol. 2002 Jun;22(3):227-37 .

del Bano MJ, Lorente J, Castillo J, Benavente-Garcia
O, del Rio JA, Ortuno A, et al. Phenolic diterpenes,
flavones, and rosmarinic acid distribution during the
development of leaves, flowers, stems, and roots of
Rosmarinus  officinalis. Antioxidant activity. J
Agric Food Chem. 2003;51(15):4247-53.

Dolatshahi M, Farbood Y, Sarkaki A, Mansouri SM,
Khodadadi A. Ellagic acid improves hyperalgesia and

Braz. Arch. Biol. Technol. v.59: £16150354, Jan/Dec 2016



11

Antioxidant activity of oral administration of Rosmarinusofficinalis leaves extract on rat’s hippocampus which

exposed to 6-Hydroxydopamine

cognitive deficiency in 6-hydroxidopamine induced
rat model of Parkinson's disease. Iran J Basic Med
Sci. 2015;18(1):38-46.

Ferro MM, Bellissimo MI, Anselmo-Franci JA,
Angellucci ME, Canteras NS, Da Cunha C.
Comparison of bilaterally 6-OHDA- and MPTP-
lesioned rats as models of the early phase of
Parkinson's disease: histological, neurochemical,
motor and memory alterations. J Neurosci Methods.
2005;148(1):78-87.

Ghanbarian E, Motamedi F. Ventral tegmental area
inactivation suppresses the expression of CAl long
term potentiation in anesthetized rat. PloS One.
2013;8(3):e58844.

Giannopolitis CN, Ries SK. Superoxide dismutases: I.
Occurrence in higher plants. Plant Physiol..
1977;59(2):309-14.

Glinka Y, Gassen M, Youdim MB. Mechanism of 6-
hydroxydopamine neurotoxicity. J Neural Transm
Suppl. 1997;50:55-66.

Glinka YY, Youdim MB. Inhibition of mitochondrial
complexes | and IV by 6-hydroxydopamine. Eur J
Pharmacol. 1995;292(3-4):329-32.

Guo S, Yan J, Yang T, Yang X, Bezard E, Zhao B.
Protective effects of green tea polyphenols in the 6-
OHDA rat model of Parkinson's disease through
inhibition of ROS-NO pathway. Biol Psychiatry.
2007;62(12):1353-62.

Halliwell B. Reactive oxygen species and the central
nervous system. J Neurochem. 1992;59(5):1609-23.
Hanna-Pladdy B, Jones K, Cabanban R, Pahwa R,
Lyons KE. Predictors of mild cognitive impairment in
early-stage Parkinson's disease. Dement Geriatr Cogn

Dis Extra. 2013;3(1):168-78.

Hauser DN, Hastings TG. Mitochondrial dysfunction
and oxidative stress in Parkinson's disease and
monogenic parkinsonism. Neurobiol Dis. 2013;51:35-
42,

Hirano S, Shinotoh H, Eidelberg D. Functional brain
imaging of cognitive dysfunction in Parkinson's
disease. J  Neurol  Neurosurg  Psychiatry.
2012;83(10):963-9.

Howes MJ, Houghton PJ. Plants used in Chinese and
Indian traditional medicine for improvement of
memory and cognitive function. Pharmacol Biochem
Behav. 2003;75(3):513-27.

Hritcu L, Foyet HS, Stefan M, Mihasan M, Asongalem
AE, Kamtchouing P. Neuroprotective effect of the
methanolic extract of Hibiscus asper leaves in 6-
hydroxydopamine-lesioned rat model of Parkinson's
disease. J Intercult Ethnopharmacol.
2011;137(1):585-91.

Hwang DS, Kim HG, Kwon HJ, Cho JH, Lee CH, Lee
JM, et al. Dangguijakyak-san, a medicinal herbal
formula, protects dopaminergic neurons from 6-
hydroxydopamine-induced neurotoxicity. J
Ethnopharmacol. 2011;133(2):934-9.

Hwang O. Role of oxidative stress in Parkinson's
disease. Exp Neurobiol. 2013;22(1):11-7.

Kelsey NA, Wilkins HM, Linseman DA. Nutraceutical
antioxidants as novel neuroprotective agents.
Molecules. 2010;15(11):7792-814.

Kosaka K, Mimura J, Itoh K, Satoh T, Shimojo Y,
Kitajima C, et al. Role of Nrf2 and p62/ZIP in the
neurite outgrowth by carnosic acid in PC12h cells. J
Biochem. 2010;147(1):73-81.

LeBel CP, Ischiropoulos H, Bondy SC. Evaluation of
the probe 2',7'-dichlorofluorescin as an indicator of
reactive oxygen species formation and oxidative
stress. Chem Res Toxicol. 1992;5(2):227-31.

Lee HJ, Cho HS, Park E, Kim S, Lee SY, Kim CS, et
al. Rosmarinic acid protects human dopaminergic
neuronal cells against hydrogen peroxide-induced
apoptosis. J Toxicol. 2008;250(2-3):109-15.

Li XZ ZS, Liu SM, Lu F. Recent advances in herbal
medicines treating Parkinson's disease. Fitoterapia.
2013;84:273-85.

Liu GT, Zhang TM, Wang BE, Wang YW. Protective
action of seven natural phenolic compounds against
peroxidative damage to biomembranes.
Biochem. Pharmacol. 1992;43(2):147-52.

Lowry, O. H., Rosebrough, N. J.,, Farr, A. L., and
Randall, R. J. Protein Measurement with the Folin
Phenol Reagent . J. Biol. Chem. 1951; 193: 265-275

Luca M, Luca A, Calandra C. The Role of Oxidative
Damage in the Pathogenesis and Progression of
Alzheimer's Disease and Vascular Dementia. Oxid
Med Cell Longev. 2015;2015:504678.

Martig AK, Mizumori SJ. Ventral tegmental area and
substantia nigra neural correlates of spatial learning.
Learn Mem. 2011;18(4):260-71.

Mohammadi HS, Goudarzi I, Lashkarbolouki T, Abrari
K, Elahdadi Salmani M. Chronic administration of
quercetin prevent spatial learning and memory
deficits provoked by chronic stress in rats. Behav
Brain Res. 2014;270:196-205.

Morris G, Berk M. The many roads to mitochondrial
dysfunction in neuroimmune and neuropsychiatric
disorders. BMC Med. 2015;13:68.

Munoz P, Huenchuguala S, Paris |, Segura-Aguilar J.
Dopamine oxidation and autophagy. J Parkinsons Dis.
2012;2012:920953.

Noguchi-Shinohara M, Ono K, Hamaguchi T, lwasa K,
Nagai T, Kobayashi S, et al. Pharmacokinetics, Safety
and Tolerability of Melissa officinalis Extract which
Contained Rosmarinic Acid in Healthy Individuals: A
Randomized  Controlled  Trial. PloS  one.
2015;10(5):e0126422.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal
Biochem. 1979;95(2):351-8.

Paxinos G WC. The Rat Brain in Stereotaxic
Coordinates. New York: Academic Press. 2005.

Perez-Fons L, Garzon MT, Micol V. Relationship
between the antioxidant capacity and effect of

Braz. Arch. Biol. Technol. v.59: £16150354, Jan/Dec 2016



12 Maryam, HG et al.

rosemary (Rosmarinus officinalis L.) polyphenols on
membrane phospholipid order. J Agric Food Chem.
2010;58(1):161-71.

Petersen M, Simmonds MS.
Phytochemistry. 2003;62(2):121-5.

Pienaar 1S, Dexter DT, Burkhard PR. Mitochondrial
proteomics as a selective tool for unraveling
Parkinson's disease pathogenesis.
Expert Rev Proteomics. 2010;7(2):205-26.

Ramirez P, Garcia-Risco MR, Santoyo S, Senorans FJ,
Ibanez E, Reglero G. Isolation of functional
ingredients  from  rosemary by preparative-
supercritical fluid chromatography (Prep-SFC). J
Pharm Biomed Anal. 2006;41(5):1606-13.

Ren P, Jiang H, Li R, Wang J, Song N, Xu HM, et al.
Rosmarinic acid inhibits 6-OHDA-induced
neurotoxicity by anti-oxidation in MES23.5 cells. J
Mol Neurosci. 2009;39(1-2):220-5.

Saito Y, Nishio K, Ogawa Y, Kinumi T, Yoshida Y,
Masuo Y, et al. Molecular mechanisms of 6-
hydroxydopamine-induced cytotoxicity in PC12 cells:
involvement of hydrogen peroxide-dependent and -
independent  action.  Free Radic  Biol Med.
2007;42(5):675-85.

Sanchez-Iglesias S, Rey P, Mendez-Alvarez E,
Labandeira-Garcia JL, Soto-Otero R. Time-course of
brain oxidative damage caused by intrastriatal
administration of 6-hydroxydopamine in a rat model
of  Parkinson's  disease. Neurochem Res.
2007;32(1):99-105.

Sharmila R, Manoharan S. Anti-tumor activity of
rosmarinic acid in 7,12-dimethylbenz(a)anthracene
(DMBA) induced skin carcinogenesis in Swiss albino
mice. Indian J Exp Biol. 2012;50(3):187-94.

Song JX SS, Ng TB, Lee CK, Leung GP, Shaw PC, et
al. Anti-Parkinsonian drug discovery from herbal
medicines: What have we got from neurotoxic
models? J Ethnopharmacol. 2012;139(3):698-711.

Soto-Otero R, Mendez-Alvarez E, Hermida-Ameijeiras
A, Munoz-Patino AM, Labandeira-Garcia JL.
Autoxidation and neurotoxicity of 6-
hydroxydopamine in the presence of some
antioxidants: potential implication in relation to the
pathogenesis of Parkinson's disease. J Neurochem.
2000;74(4):1605-12.

Sriraksa N, Wattanathorn J, Muchimapura S, Tiamkao
S, Brown K, Chaisiwamongkol K. Cognitive-
enhancing effect of quercetin in a rat model of
Parkinson's disease induced by 6-hydroxydopamine.
Evid Based Complement  Alternat Med.
2012;2012:823206.

Rosmarinic  acid.

Tadaiesky MT, Dombrowski PA, Figueiredo CP,
Cargnin-Ferreira E, Da Cunha C, Takahashi RN.
Emotional, cognitive and neurochemical alterations in
a premotor stage model of Parkinson's disease. J
Neurosci. 2008;156(4):830-40.

Varcin M, Bentea E, Michotte Y, Sarre S. Oxidative
stress in genetic mouse models of Parkinson's disease.
Oxid Med Cell Longev. 2012;2012:624925.

Veena J, Rao BS, Srikumar BN. Regulation of adult
neurogenesis in the hippocampus by stress,
acetylcholine and dopamine. J Nat Sci Biol
Med.2011;2(1):26-37.

Wang J, Xu H, Jiang H, Du X, Sun P, Xie J.
Neurorescue effect of rosmarinic acid on 6-
hydroxydopamine-lesioned nigral dopamine neurons
in rat model of Parkinson's disease. J Mol Neurosci.
2012;47(1):113-9.

Ward RJ, Dexter DT, Crichton RR. Neurodegenerative
diseases and therapeutic strategies using iron
chelators. Journal of trace elements in medicine and
biology . J Trace Elem Med Biol. 2015;31:267-73.

Weidinger A, Kozlov AV. Biological Activities of
Reactive Oxygen and Nitrogen Species: Oxidative
Stress versus Signal Transduction. Biomolecules.
2015;5(2):472-84.

Wendel A. Glutathione peroxidase.
enzymology. 1981;77:325-33.

Whittington CJ, Podd J, Stewart-Williams S. Memory
deficits in Parkinson's disease. J Clin Exp
Neuropsychol. 2006;28(5):738-54.

Wu JL, Wang HY, Cheng YL, Du C, Qian H.
Neuroprotective effects of torularhodin against H202-
induced oxidative injury and apoptosis in PC12 cells.
Pharmazie. 2015;70(1):17-23.

Xiong J, Li S, Wang W, Hong Y, Tang K, Luo Q.
Screening and identification of the antibacterial
bioactive compounds from Lonicera japonica Thunb.
leaves. Food Chem. 2013;138(1):327-33.

Zaltieri M, Longhena F, Pizzi M, Missale C, Spano P,
Bellucci A. Mitochondrial Dysfunction and alpha-
Synuclein Synaptic Pathology in Parkinson's Disease:
Who's on First? Parkinsons Dis. 2015;2015:108029.

Zhang Y YL, Zu Y, Chen X, Wang F, Liu F. Oxidative
stability of sunflower oil supplemented with carnosic
acid compared with synthetic antioxidants during
accelerated storage. Food Chem. 2010;118(3):656—62.

Methods in

Received: October 08, 2015;
Accepted: February 04, 2015.

Braz. Arch. Biol. Technol. v.59: £16150354, Jan/Dec 2016



