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Abstract Nausea and vomiting are the most common
symptoms in different diseases. Medicinal plants are
considered as a reliable source of new drugs to control
these symptoms. In this study, we evaluated the anti-
emetic and neuroprotective effects of the methanolic
extract of Sambucus ebulus L. fruit and relationship
between emesis (retching) and oxidative stress bio-
markers in the mitochondria brain of young chickens.
Emesis was induced by ipecac and copper sulphate (60
and 600 mg/kg, orally), respectively, and the methanolic
extracts (50, 100, 200 mg/kg) were injected intraperito-
neally (i.p.). The extract showed a significant antiemetic
activity against ipecac and copper sulphate-induced
emesis at all doses (p<0.001; percentages of retching
inhibition 46, 96.5 and 83 % against ipecac and 73, 79.5
and 69.2 % against copper sulphate, respectively). Lipid
peroxidation (LPO) was significantly decreased
(»<0.001) at all doses of extract in retching induced
by copper sulphate, and catalase (CAT) activity signif-
icantly increased (p<0.05) in the extract (50 mg/kg) and
metoclopromide groups in retching induced by ipecac in
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the chickens’ brain mitochondria. Protein carbonyl (PC)
contents significantly (p<0.05) decreased only in ex-
tract (100 mg/kg) group in retching induced by ipecac.
Mitochondria function (MTT assay) significantly in-
creased by extract (100 mg/kg) as compared to control
group in retching induced by ipecac. The results of this
study suggests that the extract has protective effects,
possibly by central and peripheral mechanisms, and
neuroprotective effect by increasing plasma antioxidants
or scavenging of free radicals induced by retching. It
seems that extract could prevent protein modification
and improve oxidative stress in the early stages.

Keywords Sambucus ebulus L - Antiemetic -
Neuroprotective effect - Oxidative stress - Retching -
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Introduction

Nausea and vomiting are the important problems and
the most common symptoms encountered in medicine
which occurs in different diseases such as surgery and
cancer patients receiving chemotherapy and drug treat-
ments. Medications by different synthetic drugs to con-
trol these symptoms are available but in recent decades,
medicinal plants are considered as a reliable source of
new drugs because of numerous side effects of synthetic
drugs. Traditional medicines have been used for thou-
sands of years in Iran and other Middle East countries.
In this regard, use of medicinal plants is common in
Iran. Four species of the genus Sambucus plant are
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grown in Iran. Among these, Sambucus ebulus L.
(Caprifoliaceae) is one of the most common species that
commonly grows in the northern regions of Iran
(Ebrahimzadeh et al. 2007). S. ebulus contains different
compounds such as ribosome-inactivating proteins
(ebulin) (Citores et al. 1998), which has been used for
the construction of anticancer immunotoxins (Jiménez
et al. 2015), ebulitins (de Benito et al. 1995), steroid
substances, flavonoids, cardiac glycosides, tannins,
caffeic acid derivatives and other isolated substances
(Ahmadiani et al. 1998; Ghannadi and Ghassemi-
Dehkordi 1997; de Benito et al. 1995; Saeedi Saravi
and Shokrzadeh 2009). Other Sambucus species have
been shown to contain mainly anthocyanins like
“sambucina” or “sambucia-nina”, flavonoids as querce-
tin, organic acids, esters of fatty acids, triterpenes, poly-
phenols, sterols, ursolic acid and iridoids (Abdala et al.
2014). These species have demonstrated interesting
anti-inflammatory and anti-nociceptive (Ahmadiani
et al. 1998; Wang et al. 2013), anti-giardial (Rahimi-
Esboei et al. 2013), hypolipidemic (Dubey et al. 2012),
anti-microbial activities (Chashoo et al. 2012), analgesic
and antipyretic effects (Abdala et al. 2014). In addition,
the flower infusion is used to treat coughs and the juice
of the fruit as gargle or mouthwash and laxative (Darias
etal. 1986; Abdala et al. 2014). Iranian people living on
the coast of the Caspian Sea use this plant as analgesics,
anti-Helicobacter pylori, anti-hemorrhoid and anti-
rheumatic drug. The investigations showed that, tradi-
tionally, these people use rhizomes, roots and leaves of
S. ebulus for sore throat and arthritis (Tuzlaci and Tolon
2000; Yesilada et al. 1999; Ebrahimzadeh et al. 2007).
Also, it has been reported to be an insect repellent,
treatment of burns and infectious wounds, eczema, ede-
ma, urticarial and rheumatism (Ebrahimzadeh et al.
2009b). Recently, the toxicity of ethyl acetate frac-
tion (2nd fraction) and safety of methanolic fraction
(3rd fraction) of S. ebulus have been reported
(Ebrahimzadeh et al. 2007). However, in spite of
many reports of antioxidant activity and other ben-
efit attribute abut S. ebulus, no formal study has
been done previously on the antiemetic effect of
S. ebulus. Also intensive search of the literatures
did not show any report about relation between
retching and brain oxidative damage. So, the current
study represents the first research into the relation
between retching and oxidative stress biomarkers
and antiemetic effect of methanolic extract fruit of
S. ebulus employing in chickens animal.
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The goals of this research are to (1) evaluate the
antiemetic effect of methanolic extract fruit of
S. ebulus and (2) to identify the relationship between
emesis (retching) and oxidative stress biomarkers in the
mitochondria brain of the chickens.

Materials and methods
Chemicals

All the chemicals used in this study were of analytical
grade and purchased from Merck (Darmstadt, Germany)
and Sigma Chemical Co. (St. Louis, MO, USA) unless
otherwise stated. Metoclopramide from Hakim
Pharmaceutical Co. Iran, and Ipecac from Lab. Chim.
Farm. A. SELLA S. R.L were obtained.

Plant materials and preparation of methanolic extract

S. ebulus fruit was collected from Geleh Kola
Sofla_Kordkheyl, Sari, Iran in September 2014 and
authenticated by Dr B. Eslami. A voucher (No. 87) has
been deposited in Sari School of Pharmacy Herbarium.
Fruit was dried at room temperature and coarsely
ground before extraction. Three hundred grams of sam-
ple was fractionated by successive solvent extraction at
room temperature by maceration with hexane (700 mlx
3) then ethyl acetate (700 mlx3) and finally methanol
(700 mlx3), successively. The resulting methanol ex-
tract (3rd fraction) was concentrated over a rotary vac-
uum evaporator (35 °C) until a solid extract sample was
obtained. The resulting crude extracts were freeze-dried
for complete water removal (yield 17 %).

Determination of total phenolic and flavonoid contents

Total phenolic compound contents were determined by
the Folin-Ciocalteau method (Ebrahimzadeh et al.
2009a). The extract sample (0.5 ml) was mixed with
2.5 ml of a 0.2 N Folin-Ciocalteau reagent for 5 min,
and then 2.0 ml of 75 g/l sodium carbonate was added.
The absorbance of the reaction was recorded at 760 nm
after 2 h of incubation at room temperature. The standard
curve was prepared solutions (0-250 mg/ml) of gallic
acid in methanol/water (50:50, v/v). Total phenol values
are expressed in terms of gallic acid equivalent (mg/g of
dry mass) (GAE), which is a common reference com-
pound. AICl; method was used for determination of total
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flavonoid content of extract (Ebrahimzadeh et al. 2009a).
Briefly, 0.5 ml solution of plant extract in methanol was
separately mixed with 1.5 ml of methanol, 100 pl of
10 % aluminium chloride, 100 ul of 1 M potassium
acetate, and 2.8 ml of distilled water and left at room
temperature for 30 min. The absorbance of the reaction
mixture was measured at 415 nm with a double beam
spectrophotometer. The calibration curve was obtained
by preparing quercetin solutions at concentrations 12.5
to 100 mg/ml in methanol. The total flavonoid contents
were calculated as quercetin equivalent (mg/g of dry
mass) (QE) from calibration curve.

Animals

Young chickens (male and female, 32-38 g, 3-5 days
old) were obtained from a poultry local market. Young
chickens were divided into 10 groups of 5 each. The
antiemetic activity was assessed after 24 h fasting of the
chickens. All animal experiments were achieved in ac-
cordance with the acts of the Ethical Committee of
Mazandaran University of Medical Sciences.

The acute toxicity

The different doses of methanolic extract of S. ebulus
fruit were injected to the separated groups of four young
chickens, and mortalities were recorded after 24 h.

Antiemetic activity

The antiemetic activity was evaluated using the method
explained by Yang et al., with different emetic agents
(Yang et al. 1999). The emesis was induced with copper
sulphate, 60 mg/kg (0.5 ml, orally) or ipecac, 600 mg/kg
(1 ml, orally) in young chickens. Three doses of extracts
(50,100, 200 mg/kg) and negative control (normal
saline/Tween 80, 90:10, v/v) and positive control
(metoclopramide 2 mg/kg) were administered to the
chickens, i.p. at a volume of 0.2 ml, 1 h prior to treat-
ment with the emetic agents. Frequency of retching was
recorded for copper sulphate and ipecac 60 and 20 min
after their treatments, respectively. The percent inhibi-
tion was calculated by the following formula:

Inhibition (%) = [(4-B)/A4] x 100

where A=frequency of retching in control group
B=frequency of retching in test group

Mitochondrial preparation

Mitochondria were prepared from chickens’ brains
using differential centrifugation. Briefly, tissues were
minced and then homogenized. The nuclei and broken
cell debris were sedimented with centrifuging (1500xg
for 10 min at 4 °C), and the pellet was discarded. The
supernatant was centrifuged at 11,000xg for 10 min, and
the superior layer was carefully discarded. The mito-
chondrial pellet was washed gently then suspended in
the isolation medium and centrifuged again at 10,000xg
for 10 min. Final mitochondrial pellets were suspended
in Tris buffer containing (0.25 M sucrose, 0.05 M Tris—
HCI, 2.0 mM MgCl,, 20 Mm KCI, and 1.0 mM
Na,HPO,4, pH of 7.4) at 4 °C (Hosseini et al. 2013).
Protein concentrations were measured using the
Coomassie blue protein-binding method as explained
by Bradford (Bradford 1976). Also, succinate dehydro-
genase was determined in the isolated of mitochondria.
Mitochondria were prepared fresh for each experiment
and used within 4 h of isolation, and all process were
carried out on ice to reduce degradation and hence to
assure the isolation of high-quality mitochondrial
preparation.

Measurement of lipid peroxidation

The content of malonedialdehyde (MDA) was measured
using the method of Zhang et al. (2008). Briefly, 0.25 ml
sulfuric acid (0.05 M) was added to 0.2 ml mitochon-
drial fractions (0.5 mg protein/ml) with the addition of
0.3 ml 0.2 % thiobarbituric acid (TBA). All the micro
tubes were placed in a boiling water bath for 30 min. At
the end, the tubes were shifted to an ice bath and 0.4 ml
n-butanol was added to each tube. Then, they were
centrifuged at 3500%g for 10 min. The amount of
MDA formed in each of the samples was assessed
through measuring the absorbance of the supernatant
at 532 nm with ELIZA reader (Tecan, Rainbow
Thermo, Austria). The method was calibrated with
tetraethoxypropane standard solutions.

Measurement of catalase activity

Catalase enzyme activity was evaluated based on the
disappearance of H,O, and measured by the absorbance
decrease at 240 nm in a reaction medium containing
sodium phosphate buffer (50 mM, pH 7.0) and H,O,
(10 mM). One unit of the enzyme is defined as 1 mol
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H,0, as substrate consumed/min, and the activity was
reported as units per milligram of protein (Abei 1984).

Measurement of protein carbonyl

Protein carbonyl content was measured by spectropho-
tometric method. Briefly, samples were extracted in
500 ul of 20 % (w/v) trichloroacetic acid (TCA). Then,
samples were placed at 4 C for 15 min. The precipitates
were treated with 500 ul of 0.2 % DNPH (2,4-
dinitrophenylhydrazine) and 500 Ml of 2 M HCI for
control group, and samples were incubated at room
temperature for 1 h with vortexing at 5-min intervals.
Proteins were precipitated by adding 55 pl of 100 %
TCA. The micro tubes were centrifuged and washed
three times with 1000 pl of the ethanol-ethyl acetate
(1:1, v/v) mixture. Then the micro tube contents were
dissolved in 200 pul of 6 M guanidine hydrochloride.
The carbonyl content was determined by reading the
absorbance at 365 nm wavelength (Levine et al. 1990).

Assessment of mitochondrial toxicity

Mitochondrial toxicity was evaluated by measuring the
reduction of MTT (3-[4,5-dimethylthiazol-2-yl1]-2,5-di-
phenyltetrazolium bromide using the method explained
by Ghazi-Khansari et al. (Ghazi-Khansari et al. 2006.

Statistical analysis

The data were expressed as the mean values=S.E.M.
Analysis of variance followed by the multiple compar-
ison test of Tukey-Kramer was used to compare data.
The minimal level of significance chosen was p<0.05.

Results
Acute intoxication

For evaluation of the acute toxicity and the maximum
non-lethal doses of extract, increasing doses of the four
extracts were administered to young chickens beginning
from 500 mg/kg. Up to 2000 mg/kg, no mortality was
observed among chickens treated with any of the ex-
tracts. Doses higher than 2000 mg/kg were not admin-
istered because the mortality cannot be solely attributed
to the toxicity of extracts at these doses and might be due
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to the imbalance of the electrolytes and osmotic pressure
of biological fluids.

Antiemetic activity of methanolic extract

All doses of extract of S. ebelus fruit (50, 100,
200 mg/kg), significantly reduced the emesis induced
by ipecac and copper sulphate in the chickens (Figs. 1
and 2). The percentages of retching inhibition induced
by ipecac were 46, 96.5 and 83 % for doses 50, 100 and
200 mg/kg, respectively, and induced by copper sul-
phate were 73, 79.5 and 69.2 %, respectively. Also,
induced emesis by ipecac and copper sulphate was
significantly inhibited by metoclopramide (2 mg/kg)
(Figs. 1 and 2).

Oxidative stress biomarkers

The effect of extract on lipid peroxidation (LPO) was
investigated by assessing TBARS level in homogenates
of the chickens’ brain mitochondria. TBARS level was
significantly increased in the control group (p<0.05)
when compared to metoclopromide and extract
(100 mg/kg) in retching induced by ipecac. Three doses
of extract (50, 100, 200 mg/kg) and metoclopromide
groups significantly decreased the TBARS levels
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Fig.1 The antiemetic effect of the methanolic extract of S. ebelus
L. and metoclopramide on ipecac (600 mg/kg, orally)-induced
emesis in young chickens. Data are mean+SEM of five animals
in each group. Significantly different from control group at
p<0.001 (aaa); Significantly different from Ext. 50 mg/kg at
p<0.001 (bbb); Significantly different from metoclopromide
group at p<0.05 (¢)
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Fig. 2 The antiemetic effect of the methanolic extract of S. ebelus
L. and metoclopramide on copper sulphate (60 mg/kg, orally)-
induced emesis in young chickens. Data are mean+SEM of five
animals in each group. Significantly different from control group
at p<0.001 (aaa)

(»<0.001) when compared to the control group in
retching induced by copper sulphate (Table 1).

As shown in Table 1, there was a significant
decrease in catalase (CAT) activity (p<0.05) in the
extract (50 mg/kg) and metoclopromide groups
when compared to the control group in retching
induced by ipecac in the chickens’ brain mitochon-
dria. There were no significant alterations observed
on CAT activity in the brain mitochondria between
control and other groups in retching induced by
copper sulphate. Protein carbonyl (PC) contents sig-
nificantly (p<0.05) decreased only in extract
(100 mg/kg) group when compared with the control
and extract (50, 200 mg/kg) groups in retching in-
duced by ipecac, but no significant changes ob-
served on PC contents in retching induced by copper
sulphate in the chickens’ brain mitochondria groups.

We used MTT test for assessment of mitochondria
function after retching induced by ipecac or copper
sulphate, and the effect of different concentrations of
methanolic extracts of S. ebulus. As shown in Figs. 3
and 4, mitochondria function significantly increased
(p<0.05, 52 %) by extract (100 mg/kg) as compared to
control group in retching induced by ipecac, but no
significant changes observed on mitochondria function
in retching induced by copper sulphate in different
groups.

Table 1 Effect of in vivo administration of the methanolic extract of S. ebelus L. and metoclopramide on lipid peroxidation (11g/mg protein), catalase activity (jtg/mg protein) and protein

carbonyl formation (pg/mg protein) against ipecac (600 mg/kg, orally)- and copper sulphate (60 mg/kg, orally)-induced emesis in the young chickens’ mitochondria. Data are presented as

percentage of changes to metoclopramide group. Data are mean+SEM of five animals in each group

PC-copper sulphate

PC-ipecac (% of
metoclopromide)

CAT-copper sulphate

CAT-ipecac

LPO-copper sulphate

LPO-ipecac

Group

(% of metoclopromide)

(% of metoclopromide) (% of metoclopromide) (% of metoclopromide)

(% of metoclopromide)

111.1£16.67
100.0+15.49

242.8+17.07 98.64+7.119 151.6+10.94
100.0+15.95

220.6+4.421

217.8+£38.28

Control

100.0+17.97
113.7+14.5

100.04+14.54 ** 100.048.001 *

99.99+4.093*
161.7+34.2

Metoclopromide
Methanolic Ext

105.2+13.63

158.2+13.44

100.0+14.74 *

110.6+5.159 **

(50 mg/kg)
Methanolic Ext

96.47+£9.998

163.9+47.61 128.8+11.71 79.44+4227%%"

80.44+13.12 **

105.5424.57 *

(100 mg/kg)

Methanolic Ext

117.1+£19.47

166.7+41.35 146.6+9.88 157.0+26.78

109.0+£3.348 **

135.6+4.443

(200 mg/kg)

*Significantly different from control group at p<0.05, **p<0.001; * Significantly different from Ext. 50 mg/kg at p<0.05; " Significantly different from Ext. 200 mg/kg group at p<0.05

@ Springer



236

Cell Biol Toxicol (2015) 31:231-239

150

100+

50 1

% of metoclopromide

N
>
&

Fig. 3 Effect of the methanolic extract of S. ebelus L. on mito-
chondrial function on ipecac (600 mg/kg, orally)-induced emesis
in the young chickens’ mitochondria brain cells. Data are present-
ed as percentage of changes to metoclopromide group. Data are
mean+SEM of five animals in each group. Significantly different
from control group at p<0.05 (a)

Discussion

For the first time, this study indicates that the retching
can elevate oxidative stress biomarkers in the brain
mitochondria and the fruit methanolic extract of

150 1
(]
3
5
5 100 p—
2 —
G —
2 —
£ 504 =
E =
5
R
0
o
S P
o 6\3'

Fig. 4 Effect of the methanolic extract of S. ebelus L. on mito-
chondrial function on copper sulphate (60 mg/kg, orally)-induced
emesis in the young chickens’ mitochondria brain cells. Data are
presented as percentage of changes to metoclopromide group.
Data are mean+SEM of five animals in each group
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S. ebulus has not only antiemetic but also neuroprotec-
tive effects in the brain of young chickens.

Nausea and vomiting are the common adverse events
of different diseases, and extensive researches have led
to use of safe drugs with low or lack of side effects.
Nowadays, use of medicinal plants is still very impor-
tant considering more and more ways of treatment in
this area (Kiiltiir 2007; Ertug 2000). S. ebulus is one of
the medicinal plants that is commonly use in various
disease because of its effectiveness. This plant contains
different compounds such as anticancer substances
(ebulin), flavonoids, tannins, steroid substances, cardiac
glycosides, caffeic acid derivatives (Ahmadiani et al.
1998; Ghannadi and Ghassemi-Dehkordi 1997; de
Benito et al. 1995; Saeedi Saravi and Shokrzadeh
2009), anthocyanins, organic acids, esters of fatty acids,
triterpenes, polyphenols, sterols, ursolic acid and
iridoids (Abdala et al. 2014).

In this study, the fruit extract of S. ebulus showed
antiemetic effects against ipecac and copper sulphate-
induced emesis in young chickens. Ipecac has an irritant
effect in the stomach and produces emesis by the stim-
ulation of the chemoreceptor trigger zone (CTZ) in the
area postrema (central action) and by the direct action on
the gastric mucosa (peripheral action) (Hosseinzadeh
et al. 2008). According to our results, the extract
prevented emesis induced by ipecac effectively; hence,
it is possible that the extract acts centrally as well as
peripherally to exert its antiemetic activity. Copper sul-
phate induces emesis only by peripheral action
(Hosseinzadeh et al. 2008). The extract was able to
prevent emesis induced by copper sulphate effectively.
It seems that the extract has a peripheral antiemetic
activity. Moreover, antiemetic effect of extract at dose
of 100 mg/kg had equal or in some cases even more
effective than metoclopramide effect (Figs. 1 and 2). It
may be that extract stimulates the motility of the upper
gastrointestinal tract by accelerating the gastric empty-
ing rate, a similar effect to metoclopramide. According
to the retching mechanism, emesis can be occurred by
the stimulation of the dopaminergic system at the CTZ.
Also mucosal damage releases the 5-hydroxytryptamine
(5-HT) from the enterochromaffin cells. Released 5-HT
possibly stimulates the vagal afferent nerves by interac-
tion with 5-HT3 receptors. Likewise, liberated sub-
stance P from the gastric mucosa can affect on
tachykinin NK1 receptors and may act cooperatively
with 5-HT3 receptors in the upper gastrointestinal tract
to induce vomiting. Therefore, the first thing that comes
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to mind is that extract, with various compounds, may
have local or central effect via interaction with released
mediated compounds related to emesis pathways and it
was able to attenuate the vagal afferent nerve
stimulation.

In extensive searches in the literatures, relationship
between retching and oxidative stress markers was not
found. Hence, the central focus of this study was to
identify the relationship between retching and oxidative
stress biomarkers in the chickens’ brain mitochondria.
Usually, most markers of oxidative damage have re-
vealed free radical attack on polyunsaturated fatty acids
and proteins which results in lipid peroxidation, protein
and DNA oxidation (Kadiiska et al. 2005). There are high
levels of polyunsaturated fatty acids in the membrane
brain cell lipids and, for that reason, particularly are
sensitive to oxidation. The most widely investigated
processes, induced by free radicals, are the PC and LPO
and are therefore considered as excellent indexes of
oxidative stress. Net ROS production is the sequel of
imbalance between prooxidants and antioxidants ratio.
Cellular macromolecule damaging occurs by LPO and
induces cell function disturbances (Pederzolli et al.
2010). We first observed that level of LPO significantly
elevated by retching. Significant increase in the level of
LPO in control group may be due to the antioxidant
inactivation of enzymes related to oxidative stress
or poor antioxidant defence. Our results showed
that enhancement in mitochondria ROS formation
was prevented by all different extract doses of
S. ebulus. LPO can markedly increase following
ROS formation (Shahraki et al. 2014). We observed
significant decline of LPO in different extract treat-
ment groups. It can be understood that extract
prevented cytotoxicity and sub-cellular organelle
damage (mitochondria/lysosomes) as we observed
in mitochondria MTT assay test (Fig. 3).

This impelled us to consider possible retching
which provoked protein oxidation as determined
by a noticeable increase of PC formation in con-
trol group. Oxidation of sulthydryl groups of pro-
teins to disulphide form leads to their inactivation.
Reactive free radicals can oxidize the sulthydryl
groups of proteins and rise the carbonyl levels.
Therefore, protein oxidative damage is presumed
by attack of reactive species which are induced by
this short branched chain fatty acid. Our results
confirm this observation as PC content increased
by retching in brain mitochondria.

Our results showed that despite lipid peroxidation,
protein oxidation is also induced by retching in brain
mitochondria through formation of ROS. Recent publi-
cations have revealed interesting anti-inflammatory and
anti-nociceptive (Ahmadiani et al. 1998; Wang et al.
2013) effects of S. ebulus. It was demonstrated that
polyphenols have higher antioxidant capacity compared
with vitamins and carotenoids (Richelle et al. 2001).
Different flavonoids (flavanols, flavonols and flava-
nones) and phenolic acids were identified in S. ebulus
extract. Some studies have shown that the antioxidant
activity and activity of hydrophilic extract is much
higher against lipid peroxidation compared as the lipo-
philic extract (Gentile et al. 2007). These reports support
and are consistent with our observation of protection
effects by different S. ebulus extract doses against ROS
formation and lipid peroxidation of chickens’ brain
neurones. Intracellular organelles such as lysosomes
and mitochondria can be the target of ROS, and mito-
chondria damage could be due to lipid peroxidative
consequence of ROS formation. Hence, it seems that
methanolic extract could abate ROS formation in our
study (Table 1). Continuous stimulation of the neuron
cells (dopaminergic and serotonergic neurons) and vagal
afferent nerves can be regarded as an important mecha-
nism underlying the sub-organelle (mitochondria/lyso-
somes) membrane damages. It can be confirmed in our
results that showed induced oxidative damage in brain
mitochondria by retching.

CAT is one of the most important defence
mechanisms against toxic effects of oxygen metab-
olism which alleviate the ROS toxic effects.
Highly reactive hydroxyl radical (OH ) produced
by H,O, induces oxidation of biological mole-
cules. Our data showed that induced ROS forma-
tion by the intracellular H,O, generation system
can be modulated by extracts of S. ebulus
(Table 1). Interestingly, no significant improvement
in CAT was observed in our study. It may return
to act as a direct scavenger of produced free
radicals, by extract in this case, rather than an
indirect activation of antioxidant enzymes resulting
in no need of more enzyme activation. It was
suggested that antioxidants and radical scavenging
components of extract may attack the produced
free radicals and inhibit them and that surely needs
to be elucidated by further works.

Our study showed the best neuroprotective ef-
fect of methanolic extract against hydroperoxide-
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induced lipid peroxidation and PC formation. It
could be ought to the ability of the extract on
H,0,, superoxide or hydroxyl radical source dis-
appearance. It was demonstrated that the phenolic
compounds are effective in reduction of protein
carbonylation (Shahraki et al. 2014). It seems that
S. ebulus extract traps dicarbonyls, in this manner,
reducing toxicity and reversing early stage of car-
bonyl formation. Additionally, the flavonoids
found in S. ebulus fruit could effectively prevent
protein carbonylation under physiological condi-
tions in early stage.

Due to the diversity of compounds found in
both non-polar and polar extracts, it is expected
that several cytoprotective mechanisms are acting
against carbonyl and oxidative induced neurotoxic-
ity. Possibility, synergistic effects between several
antioxidants could be present in which antioxidants
recharge neighbouring antioxidants. In summary,
our study has shown that S. ebulus extract prevented
neuron oxidative stress (lipid peroxidation), car-
bonyl stress (protein carbonylation) and cytotoxic-
ity induced by ROS that has been implicated in
retching. This is confirmed by the results that the
better effect of S. ebulus methanolic extract dose is
100 mg/kg on modulation oxidative stress bio-
markers. Hence, practically, dose of 100 mg/kg
of extract can be considered as an effective dose
for its antioxidative potential.

Conclusion

To our information, we are the first to report the
brain mitochondria disruption provoked by retching
and neuroprotective activity of S. ebulus methanolic
extract in this particular study. The results of this
study suggest that the fruit extract of S. ebulus has
both protective effects against ipecac and copper
sulphate-induced retching in young chickens, pos-
sibly by central and peripheral mechanisms.
Neuroprotective effect of extract may be due to
scavenging of free radicals induced by retching.
Overall, S. ebulus may present a valuable approach
to counter elevated oxidative and carbonyl stress
observed in retching, possible by increasing plasma
antioxidants, bioactive compounds or oxygen scav-
enger which could prevent protein modification and
improve oxidative stress in the early stages.
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