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Abstract

Background: Stroke can cause paralysis, muscle weakness, and loss of balance that may affect walking and routine activities.
Objectives: The aim of this study was to evaluate the effect of ethyl alcohol extract of Matricaria chamomilla on cerebral ischemia-
induced motor dysfunctions in rats.

Methods: In this experimental study, forty two male Wistar rats were divided into 6 groups consisting of control group, sham group,
ischemia/reperfusion group and three treatment groups [treated with 50,100, and 200 mg/kg doses of M. chamomilla extract and un-
dergoing ischemia/reperfusion(I/R)]. Motor coordination and balance were evaluated using Rotarod test. Total antioxidant capacity,
malondialdehyde (MDA), and nitric oxide (NO) levels of serum and brain were also determined.

Results: The extract of M. chamomilla significantly improved I/R-induced motor dysfunction. Induction of I/R led to increase serum
MDA, while the extract of M, chamomlla significantly reduced it. Administration all doses of M. chamomilla extract to the ischemic
rats did not reduce the hippocampus MDA levels (P > 0.05). The extract of M. chamomilla at dose of 200 mg(kg slightly decreased
cortex MDA (P > 0.01). It had no significant effects on the total antioxidant capacity of the brain (hippocampus and cortex) and

serum. Injection of Matricaria chamomilla extract also did not change serum NO level.
Conclusions: Our findings suggested that the Matricaria chamomilla extract could improve motor dysfunction.
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1. Background

Stroke is one of the most important causes of severe
long-term disability worldwide. Each year, 15 million peo-
ple worldwide have a stroke. During ischemic stroke,
molecular and cellular processes lead to destruction of
neurons, glial cells, and capillary blood vessels. Cytotox-
icity, oxidative stress, lipid peroxidation, inflammation,
blood-brain barrier breakdown, and cerebral edema are
some of these processes [1, 2].

Increased levels of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) produced from oxidative
stress induce mitochondrial dysfunction, calcium over-
load, inflammation, and reperfusion injury [3]. Excessive
ROS formation can deplete endogenous antioxidant and
cause cellular damage [4]. Nitric oxide (NO) at low con-
centrations serves as a gaseous neurotransmitter in many
physiological processes but at high concentrations causes
pathological conditions. Excessive NO produced after is-

chemia and reperfusion reacts with superoxide to form
proxy nitrite and other forms of RNS. Further interaction
of proxy nitrite with lipids, DNA, and proteins may cause
harmful pathophysiological events [5, 6].

Induction of ischemia for some minutes in the hip-
pocampal region of the brain can lead to learning and be-
havioral deficits. Cerebral ischemia has been also reported
to impair motor coordination and balance [7-9].

Recently, a number of medicinal plants have been
shown to protect neurons against ischemic stroke [10]. Ma-
tricaria chamomilla is native to the Mediterranean region
but is now widely disturbed worldwide. In Iranian tradi-
tional medicine, M. chamomilla is used as an anti-fever, an-
tispasmodic, and sedative agent [11]. The aim of the cur-
rent study was to examine the effect of ethyl alcohol M.
chamomilla extract on cerebral ischemia-induced motor
dysfunctions in rats.
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2. Methods

2.1. Preparation of Matricaria chamomilla Extract

In this experimental study, the dried plant materials
were finely pulverized and then 50 g of the resulting pow-
der was mixed with 500 mL of 70% ethyl alcohol. After 48
hours, the mixture was filtered through a Buchner funnel
and then the resulting filtrate was concentrated using a ro-
tary evaporator and dried in an oven at 40°C. The antiox-
idant capacity of Matricaria chamomilla extract was deter-
mined using DPPH free radical scavenging assay [12]. Total
phenolic content of Matricaria chamomilla extract was de-
termined using the Folin-Ciocalteu colorimetric assay [13],
and the total flavonoid and flavonol content of Matricaria
chamomilla extract was determined using colorimetric as-
say [14].

2.2. Experimental Animal and Grouping

Forty two healthy male Wistar rats weighing 250 -
300 g were housed under controlled conditions (12:12h
light/dark cycle at 23 &= 2°C) with free access to water and
standard rodent pellet. All experiments were conducted
according to the guide for the care and use of laboratory
animals. The rats were randomly assigned to six groups of
seven each as follows:

- Control group: Rats receiving distilled water;

- Sham group: Rats underwent sham operation with-
out carotid occlusion;

- Ischemic group: Rats undergoing ischemia and re-
ceiving distilled water alone;

- Extract-treated groups: Rats undergoing ischemia
and administered with 50, 100 and 200 mg/kg/day of Ma-
tricaria chamomilla extract intraperitoneally for 15 days.

Induction of ischemia:

First, the rats were anesthetized and then a midline
incision was made on the anterior region of the neck to
expose carotid sheath, and common carotid arteries were
visualized and separated meticulously from vagal nerve.
Acute ischemic stroke was induced by occlusion of the
common carotid arteries for 60 minutes. Blood flow was
then restored. During the surgical procedure, the rats’
bodies temperature was keptat37°C using an infrared heat
lamp [13].

Rotarod test was performed after 15 days of treatment.
After Rotarod test, blood samples of the rats’ hearts were
collected and their brains were removed under deep anes-
thesia. The serum of the blood samples was isolated by cen-
trifugation and stored at -20°C untilbiochemical analysis.
After removal of the brain, hippocampus and cerebral cor-
tex were separated on an ice and used for biochemical anal-
ysis

2.3. Evaluation of Motor Coordination and Balance

Motor function and balance were determined using
Rotarod apparatus. The speed of apparatus was 10 rpm and
the maximum trial length was 300 seconds. Before con-
ducting the test, the rats were trained to walk on the rotat-
ing rod of Rotarod. Then, each rat was placed on the rotat-
ing rod and the length of the rats’ balance was recorded to
represent resistance time [14].

2.4. Measurement of Brain Antioxidant Capacity

The brain antioxidant capacity was measured by FRAP
assay. The FRAP reagent was prepared by mixing acetate
buffer (25 mL), TPTZ solution (2.5 mL), and FeCl;, and 6H,0
solution (2.5 mL). Homogenized brain sample (in 2.5% cold
KCl solutions) was centrifuged and supernatant (50 uL)
was mixed with 1.5 mL of fresh FRAP solution. After 10 min-
utes at 37, the absorbance of the mixture was recorded at
590 nm wavelength [15].

2.5. Measurement of Serum Antioxidant Capacity

Three different solutions were used to measure the
serum antioxidant capacity: Solution1: 1.5 ml of sodium ac-
etate and 8 ml of concentrated acetic acid diluted to 5000
mL with distilled water; solution 2: 270 mg of ferric chlo-
ride diluted to a 50 mL volume with distilled water; solu-
tion 3: 47 mg of treeazin dissolved in 40 mL of HCl. Work-
ing solution was prepared by mixing 10 mL of the solution
1,1 mL of the solution 2, and 1 mL of the solution 3. Twenty
five microl of the serum samples was added to 1.5 mL of the
working solution. The reaction mixture was kept at 37°C
for 10 minute and then the absorbance was read at 593 nm
wave length [15].

2.6. Measurement of Serum Malondialdehyde

Serum (50 pL) was mixed with 50 uL of BHT (0.05% in
95% ethanol), 400 uL of H;PO, (0.44. M), and 100 p:L of TBA
and heated at100°C for 1 hour. After cooling at 0 for 5 min-
utes, butanol was added and centrifuged (14,000 rpm for
5 minutes). Then, the absorbance of the supernatant was
read at 532 nm wave length [15].

2.7. Measurement of Brain Malondialdehyde

Brain tissue (1 g) was homogenized in 10 mL of 2.5%
cold KCl solutions. One mL of the homogenate was trans-
ferred into a 20-mL tube and incubated at 37°C for 60 min-
utes. Afterwards, the suspension was mixed with 1 mL of
TCA (5%) and 1 ml of TBA (67%), and centrifuged for 15 min-
utes at 2000 rpm. The supernatant was transferred into
a new tube and incubated for 10 minutes in a boiling wa-
ter bath. After cooling, the absorbance was read at 535 nm
wavelength using spectrophotometer [16].
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2.8. Measurement of Serum Nitrate Level

First, the serum samples were deproteinized with zinc
sulfate and sodium hydroxide solutions. After centrifuga-
tion, the supernatant was mixed with glycine buffer. Cad-
mium granules were activated by swirling in a CuSO, so-
lution in glycine-NaOH buffer. Then, activated cadmium
granules were added to the deproteinized serum. After
continuous stirring for 10 minutes, the resulting solution
was transferred to a new tube, mixed with Griess reagent,
and kept at room temperature in darkness for 30 minutes.
Finally, Griess2 reagent was added and the absorbance was
read at 540 nm wavelength [14].

2.9. Statistical Analysis

All data were analyzed using SPSS 16 and expressed as
the mean =+ standard deviation (SD). One-way ANOVA fol-
lowed by Tukey’s or Dunnett’s T3 were used to compare the
data of different groups. P < 0.05 was considered statically
significant.

3. Results

3.1. Effect of Matricaria chamomilla Extract on Motor Coordina-
tion and Balance

The latency to fall from the rotating rod in the ischemic
group was significantly lower than in the control group
(P < 0.05). Administration of 200 mg/kg/day Matricaria
chamomilla extract at 100 and 200 mg/kg significantly in-
creased motor coordination in the ischemic rats (P < 0.05,
Figure1).

Figure 1. The Latency to Fall During Rotating Rod Test
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3.2. Effect of Matricaria chamomilla Extract on Brain Antioxi-
dant Capacity

Administration of different doses of Matricaria
chamomilla extract had no significant effects on the
antioxidant capacity of hippocampus and cortex in the
ischemic rats (Figures 2 and 3).

600.00

500.00

400.00

300.00

200.00

100.00

Hippocampus Antioxidant Capacity, mmol/gr
o
=3
S

- -

Ischemia+ Ischemia+ Ischemia+
Extract50 Extractl0O0 Extract200

Control  Ischemia

Exprimental Group

Figure 2. Effects of Matricaria chamomilla Extract on Hippocampus Antioxidant Ca-
pacity.
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Figure 3. Effects of Matricaria chamomilla Extract on Cortex Antioxidant Capacity.

3.3. The Effect of Matricaria chamomilla Extract on Serum An-
tioxidant Capacity

There was no significant difference in the serum an-
tioxidant capacity among the six groups (P> 0.05) (Figure
4).

3.4. Effect of Matricaria chamomilla Extract on Brain MDA Level

MDA level in the hippocampus of the ischemic rats was
slightly and insignificantly higher than in those of the con-
trol group. Administration of Matricaria chamomilla ex-
tract to the ischemic rats did not reduce the hippocam-
pus MDA levels (P > 0.05).MDA levels in the cortex of
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Figure 4. Effects of Matricaria chamomilla Extract on Serum Antioxidant Capacity.

50 mg/kg/day extract treated groups were significantly
higher than those of the other groups (P < 0.05, Figure
5). As shown in Figure 6, cerebral ischemia induced an
increase in cortex MDA content as compared to the con-
trol group; however, this increase was not significant (P
> 0.05). Two hundred mg/kg of Matricaria chamomilla ex-
tract caused slight decrease in MDA level in the cortex of
theischemicrats (P> 0.05). MDA levels in the cortex of 100
and 50 mg/kg/day extract treated groups were significantly
higher than those of the other groups (P < 0.05).

Figure 5. The Effects of Matricaria chamomilla Extract on Hippocampus MDA Levels
in Rats Exposed to Transient Cerebral Ischemia
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3.5. Effect of Matricaria chamomilla Extract on Serum Malondi-
aldehyde Level

The MDA levels were significantly elevated in the serum
of the rats exposed to transient cerebral ischemia (P <
0.01). The extract of Matricaria chamomillain 50, 100, and

Figure 6. The Effects of Matricaria chamomilla Extract on Cortex MDA Levels in Rats
Exposed to Transient Cerebral Ischemia

2000

1000

x
o =@ ! o - oy

Ischemia+ Ischemia+ Ischemia+
Extract50 Extractio0 Extract200

w
(=}
(=}

Cortex MDA Level, mm
&
o
IS)
({{FERERTAERERTH)
R

Control  Ischemia Sham

Eexprimental Groups

*The significant difference with control group; #significant difference compared to
ischemic group.

200 g/kg/day doses significantly decreased the serum MDA
level (P < 0.01) (Figure 7)

Figure 7. Effects of Matricaria chamomilla Extract on Serum MDA Levels in Rats Ex-
posed to Transient Cerebral Ischemia
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3.6. Effect of Matricaria chamomilla Extract on Serum NO Con-
tent

As shown in Figure 8, NO level was elevated follow-
ing ischemia and reperfusion in the rats but not signif-
icantly. Administration of Matricaria chamomilla extract
(50 mg/kg) caused a reduction in serum NO level in the is-
chemic rats; however, this reduction was not statically sig-
nificant (Figure 8)

3.7. Antioxidant Capacity of Matricaria chamomilla Extract
Table 1 shows the antioxidant capacity of Matricaria
chamomilla according to DPPH method. The ICs, of Ma-
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Figure 8. Effects of Matricaria chamomilla Extract on Serum Nitric Oxide Levels in
Rats Undergoing Transient Cerebral Ischemia
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tricaria chamomilla was 49.2.Total phenolic, flavonoid, and
flavonol contents of the Chamomile extracts were 550.654,
234 and 377.998 mg, respectively.

Table 1. Antioxidant Capacity of Matricaria chamomilla Extract

DPPH Radical Scavenging Activity
Inhibition (%) ICso, ;1g/mL

M. chamomilla Extract, ;1g/mL

74.8 80
65.3 70
56.9 60
49.2(IC50) 50
41.29 40
32.4 30
27.5 25
2215 20
18 15
5.8 10

4. Discussion

In our study, the extract of M. chamomilla signifi-
cantly improved I/R-induced motor dysfunction. Experi-
mental studies have shown that Matricaria chamomilla ex-
tract has various therapeutic effects such as immunomod-
ulatory, anti-arthritic, sedative, anti-allergic, anti-bacterial
and anti-oxidative, and can prevent cardiovascular disease
and osteoporosis [17]. The effects of Matricaria chamomilla

Zahedan ] Res Med Sci. 2017;19(9):€10927.

extract on the nervous system such as analgesic, anticon-
vulsant and memory-improving have been also reported
[18-22].

The present study investigated the effect of ethyl al-
cohol extract of Matricaria chamomilla flower on cerebral
ischemia-induced motor dysfunction in rats. Cerebral is-
chemia is reported to impair motor coordination and bal-
ance [23]. In the present study, Rotarod test was used
to investigate the effect of cerebral ischemia and reperfu-
sion on motor function. As expected, cerebral ischemia-
reperfusion induced motor dysfunction in rats. Admin-
istration of ethyl alcohol extract of Chamomile following
cerebral ischemia significantly improved motor in coor-
dination. In Asgharzade et al. study, chamomile extract
significantly ameliorated motor dysfunction induced by
scopolamine [24].

A variety of mechanisms have been reported to be
involved in the development of ischemic neuronal dam-
age, including oxidative/nitrative stresses, DNA fragmen-
tation and oxidation, increased production of inflamma-
tory eicosanoids, increased activities of microglial and as-
trocytes, downregulation of anti-apoptotic proteins, and
upregulation of proapoptotic proteins [25, 26].

Previous studies showed that transient cerebral is-
chemia induced lipid peroxidation and decreased the an-
tioxidant capacity of the brain and serum [24, 27]. In our
study, transient cerebral ischemia caused a significant in-
crease in serum MDA level but did not affect the brain lev-
els of MDA and TAC and the serum levels of TCA and NO. We
observed thatinduction of transient cerebral ischemia did
not cause a considerable oxidative stress in the serum and
brain tissue of the rats. Therefore, motor dysfunction ob-
served in our study may be related to the other pathways.
It was reported that deterioration of motor function after
ischemia is mainly due to disruption of the blood-spinal
cord barrier and inflammation of both gray and white mat-
ters of brain [28].

According to the results, 50, 100, and 200 mg/kg of
Matricaria chamomilla extract significantly reduced serum
MDA level but did not change brain MDA levels. It had no
significant effects on the total antioxidant capacity of the
brain and serum. Injection of Matricaria chamomilla ex-
tract also did not change serum NO level. Therefore, the
protective effect of M. chamomilla extract against ischemic
brain damage may be related to the other mechanisms.

In Chandrashekhar et al. study, the methanol extract
of German chamomile (Matricaria recutita L.) displayed
considerable neuroprotective effects against cerebral is-
chemia through decreasing lipid peroxidation and in-
creasing the superoxide dismutase, catalase, glutathione,
and total thiol levels in the brain [29]. The inconsistency
in the results our and Chandrashekhar et al.’” s study may
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be related to the species of the plant and the types of the
solvent used.

The dried flower of Matricaria chamomilla contains
terpenoids (a-bisabolol, a-bisabolol oxide, chamazu-
lene, sesquiterpenes), coumarins (umbelliferone),
flavonoids (luteolin, apigenin, quercetin), spiroethers
(en-yndicycloether), tannins, anthemic acid, choline,
polysaccharides, and phytoestrogens [30, 31]. The neuro-
protective and therapeutic effects of M. chamomilla extract
may be related to its bioactive components.

Quercetin has been reported to have anti-
inflammatory, anti-coagulant, and anti-ischemic effects
[32]. A study demonstrated that quercetin exerted in-
hibitory effect against ischemia and reperfusion-induced
injury in various tissues including neural tissue [33].

A study by Ha et al. (2008) showed that apigenininhib-
ited the production of NO by suppressing the expression of
inducible NO synthase. It also protects the neuronal cells
against injury in middle cerebral artery occlusion [34].

4.1. Conclusions

The Matricaria chamomilla extract was found to exert
neuroprotective activity as it was evident from the reduc-
tion of lipid peroxidation and improvement of the motor
coordination.
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