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ABSTRACT

Parkinson’s disease (PD) is a common neurodegenerative disease characterized by progressive loss of midbrain
dopaminergic neurons. Morin has been shown to exert neuroprotective and anti-oxidant effects in different models
of neurodegenerative diseases. In this pilot study 40 male rats (weight range: 160-200 g) were randomly divided
into 5 equal groups (n= 8). In group 1 (300 mg/kg morin), group 2 (400 mg/kg morin), group 3 (500 mg/kg
morin), group 4 (10 mg/kg L-Dopa) and group 5 (5 ml/kg normal-saline) intraperitoneal injection was performed.
In all groups, after 30 minutes of the first injection, 5 mg/kg perphenazine was intraperitoneally injected. The
muscle stiffness, using Morpurgo method, rate of catalepsy using BAR test, and the amount of Malondialdehyde
(MDA) and Glutathione (GSH) levels were evaluated at different time points after injection in all groups.
According to Morpurgo test results, mean rate of muscle stiffness was significantly lower in the morin 400 and
500 mg/kg groups compared to the 300 mg/kg morin group at all time points. Muscle stiffness values in the 400
mg/kg morin group were significantly greater than the 500 mg/kg group only at 60 and 90 minutes after
perphenazine injection, whereas for the other periods the two groups showed no significant differences. According
to BAR test results, the mean length of muscle stiffness period was not significantly different between the 400 and
500 mg/kg morin and L-Dopa groups, whereas this period in the 300 mg/kg morin group was significantly lower
than these three groups. The mean of MDA in the L-Dopa group was significantly lower than the other groups,
followed by the morin 500 and 400 mg/kg groups, respectively. The L-Dopa group showed the greatest mean GSH
value that was statistically significant compared with other groups. The second and third rank of GSH values was
respectively for the morin 500 and 400 mg/kg groups. The results of study reported the effectiveness of morin on
improving muscle stiffness and muscle weakness, which it was dose dependent and were more effective at higher
doses.
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INTRODUCTION results in progressive loss of membrane lipid domains

Parkinson's disease (PD) is a common neurodegenerative
disease, characterized by the main clinical features
include tremor, muscle stiffness, slowness and
instability."® Although the exact etiology of PD is not
known, its pathology is characterized by gradual and
selective loss of midbrain dopaminergic neurons. The
origin or root cause of this nerve degradation is unknown
and may result from such damages as oxidative stress,
inflammation, accumulation of damaged proteins, or
mitochondrion disturbance.*!

Oxidative stress, a condition that occurs due to
imbalance in oxidant and antioxidant status, has been
known to play a vital role in the pathophysiology of
different neurodegenerative diseases including PD. The
excess production of reactive oxygen species (ROS)
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and lipid peroxidation of the cell in the substantia nigra
and consequently the cell death.!®! Previous studies have
shown that the lack of antioxidants and, consequently,
disorders of the antioxidant system are highly
contributing to the disease.’” Antioxidant compounds
have a high biological activity spectrum.®™ Therefore,
imbalance in dopamine metabolism due to oxidative
stress has been recognized as a contributor to PD.
Antioxidants protect the human body against free
radicals™** and delay the progression of many chronic
diseases by improving lipid peroxidation.[*5

Natural antioxidants are found in all herbs,
microorganisms, fungi and even animal tissue.?*?
Phenols are secondary plant metabolites that naturally
exist in all herbal substances, including plant foods with
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specified identifiers.”*?) Most natural antioxidants are
phenol compounds and flavonoids are the most important
group of antioxidants.2%34

Morin is a natural polyphenolic compound that has been
shown to exert antioxidant, anti-inflammatory, anti-
diabetes, and anti-cancer properties (in vivo and in
vitro).B5*1 Moreover, different studies have reported
that morin could exert neuroprotective effects in different
models  of  neurodegenerative  diseases.  The
neuroprotective mechanism of morin may be attributed
to its antioxidant activity. Due to its antioxidant and anti-
apoptosis properties, morin causes neuroprotection effect
in brain against ischemic injury.[*?

The current treatments of PD only help reduce the
disease’s symptoms but not stop the disease progression.
Therefore, developing new medications that could
effectively prevent or impede the disease progression is
necessary. The present study aims to investigate the
effects of morin on pseudo-parkinsonism induced by
perphenazine in rats.

MATERIALS AND METHODS

Materials

Morin was purchased from Sigma Chemical Co.
(St.Louis, MO, USA). L-Dopa was purchased from
Sigma Chemical Co. (StLouis, MO, USA).
Malondialdehyde (MDA) Detection Kit and GSH
Colorimetric Detection Kit were obtained from ZellBio
(ZellBio GmbH, Germany). All other chemicals and
reagents used in the study were analytical grade.

Animals

In this study, 40 male Wistar rats weighing 160-200 g
obtained from the Laboratory of Animal Breeding Center
of Ahvaz Jundishapur University of Medical Sciences
(AJUMS), Ahvaz, Iran were used. After weighing, the
rats were randomly divided into 5 groups (each group of
8 Rat) and were kept at the animal room of the
Pharmaceutical Faculty, AJUMS at 23 + 2 °C, 50%
humidity, and a light: dark cycle of 12:12 hours. The Rat
used compressed animal food and urban refined water.
The Rat arrived at the lab one hour before the experiment
to be acclimated with the laboratory environment.

Experimental Design

In this pilot study animals were randomly divided into
five groups (n=8) and were pre-treated with a single dose
of morin (300, 400 and 500 mg/kg), most effective dose
of L-Dopa (10 mg/ kg) and normal saline (5ml/kg) via
intrapritoneal. Morin was solved by physioligal saline
before injection. After 30 minutes, all animals received
an IP injection of 5mg/kg perphenazine hydrochloride.
After the injection of morin and perphenazine into the
experimental groups, behavioral and biochemical
parameters were assessed and recorded. In this study,
muscle stiffness was measured by Morpurgo method, the
rate of catalepsy was measured using Bar Test, and
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Malondialdehyde (MDA) and Glutathione (GSH) was
measured and assessed.

Morpurgo test

Relative muscular rigidity was determined for given
minutes after injection as follows; 20, 40, 60, 90, 120,
180 and 240. The method of Morpurgo was used to
determine muscular rigidity. We closely observed the
development of catatonia and the following scores were
achieved: Stage 1, free movement of rat on the table,
score allocated = 0; Stage 2, rat moves only by touch or
push, score allocated = 0.5; Stage 3, the rat’s front paws
are alternately placed on a high block of 3cm height.
Failure to correct the posture in 10 seconds, score
allocated = 0.5 for each paw with a total Score of 1 for
this stage. Stage 4, the rat front paws are alternately
placed on a 9cm high block. Failure to correct the
posture in 10 seconds, score allocated = 1 for each paw
with total score of 2 for this stage. Therefore, the
maximum possible score for a single rat, would be 3.5
displaying total catatonia. Lower score suggests a lower
degree of catatonia.*®

Bar test

To test catalepsy standard bar test was used. In this
method, two front legs of the animal were placed on a
wooden and horizontal rod with a diameter of 1.25 cm
and a height of 10 cm from the floor, and the length of
time that lasts until the animal took one or two hands
from the rod was recorded. The study period was 180
seconds. If the animal refuses to get the rod up to three
times, 1 second would be recorded for it.!*"

MDA and GSH

After performing behavioral tests, the animals were
anesthetized with an intraperitoneal injection of ketamine
10% (50 mg/kg) and Xylazine 2% (10 mg/kg) and then
euthanized. The brain tissue of the animal was then
removed; the transparent liquid was removed and stored
at 80 °C. According to the German specific Zellbio kit,
optical absorption at 535 nm was read and, by obtaining
the standard curve line equation, its MDA was measured.
According to the German Zellbio manufacturer's specific
kit instruction, optical absorption was read at a
wavelength of 412 nm and, by obtaining the standard
curve line equation, its GSH was measured.

Statistical Analysis
All analyses were performed using SPSS statistical
software version 22.

RESULTS

The results showed that the mean muscle stiffness values
in the 500 and 400 mg/kg morin groups at all
measurement times were significantly lower (P <0.05)
than that the 300 mg/kg morin group. On the other hand,
muscle stiffness values in the 400 mg/kg morin group
were significantly greater than the 500 mg/kg group only
at 60 and 90 minutes after perphenazine injection (p

37



Sistani Karampour et al. European Journal of Biomedical and Pharmaceutical Sciences

<0.05), whereas for the other periods the two groups Mean length of muscle stiffness at all times and in all
showed no significant differences. doses of morin groups was significantly (P <0.05) less
than the control group (physiological serum) (Fig.1).
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Figure 1: Comparison of the mean rate of muscle stiffness in the groups receiving doses of 300, 400, and 500
mg/kg morin with the negative control (physiological serum) groups; *shows the significant difference with the

negative control group (physiological serum) (P <0.05); Data are presented as mean + standard error (SEM). (n
=8).

Mean muscle stiffness was significantly higher in the significantly higher (P <0.05) than that in the L-Dopa
morin group of 300 mg/kg (P <0.05) than that in the group, and at other times of measurement there was no
positive control group (L-Dopa). Mean muscle stiffness significant difference between mean muscle stiffness in
in the 400 and 500 mg/kg morin groups only at 60 the two groups (Fig.2).
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Figure 2: Comparison of the mean rate of muscle stiffness in the groups receiving doses of 300, 400, and 500
mg/kg morin with the positive control (L-dopa) groups; *shows the significant difference with the positive
control (L-dopa) (P <0.05); Data are presented as mean + standard error (SEM). (n = 8).
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The mean of muscle weakness in the 300, 400, and 500
mg/kg morin and L-dopa groups was significantly lower
than the physiologic serum group (P <0.05). The mean
muscle weakness in the 300 mg/kg morin group of (P
<0.05) was significantly higher than the L-Dopa group,
while the difference between the 400 and 500 mg/kg

Descent Latency (§) (Mean £ SEM)

NS L-DOPA

morin groups and the L-dopa group was not significant.
Mean muscle weakness in the 500 and 400 mg/kg morin
groups (P <0.05) was significantly lower than that 300
mg/kg morin group, while muscle weakness between the
500 and 400 mg/kg groups was not significant (Fig.3).
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Figure 3: Comparison of the mean muscle weakness in the groups receiving doses of 300, 400, and 500 mg/kg
morin with the positive control (L-dopa) and negative control (physiological serum) groups; * shows the
significant difference with the negative control group (physiological serum) (P <0.05); # shows significant
difference with the positive control group (L-Dopa) (P <0.05); + shows significant difference with 300 mg/kg
morin group (P <0.05). Data are presented as mean + standard error (SEM). (n = 8).

The mean MDA in the group receiving different morin
doses (300, 400, and 500 mg/kg) and the L-Dopa group
showed a significant decrease (P <0.05) in comparison
with the physiological serum group. The mean of MDA
in the L-dopa group was significantly (P <0.05) lower
than that in the groups received different morin doses

MDA (ug/g tissue) (Mean + SEM)

NS L-DOPA

(300, 400, and 500 mg/kg). The mean of MDA in the
400 and 500 mg/kg morin groups (P <0.05) was lower
than the 300 mg/kg morin group. The mean of MDA
between the 400 and 500 mg/kg morin groups was not
significantly different (Fig.4).
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Figure 4: Comparison of the Malondialdehyde (MDA) values in the 300, 400, and 500 mg/kg morin groups with
the positive control (L-dopa) and negative control (physiological serum) groups. *shows significant difference
with the control group (normal saline) (P <0.05); #shows significant difference with the control group (L-dopa)
(P <0.05); + shows significant difference with the 300 mg/kg morin group (P <0.05). Data are presented as mean

+ standard error (SEM) (n = 8).
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The mean of GSH in the groups received different doses
of morin (300, 400, and 500 mg/kg) and the L-Dopa
group showed a significant increase (P <0.05) compared
to the physiological serum group. The mean of GSH in
the 400 mg/kg morin group (P <0.05) was significantly
lower than that in the 500 mg/kg morin group and L-
dopa, but it was significantly higher than the 300 mg/kg

European Journal of Biomedical and Pharmaceutical Sciences

morin group and the serum physiologic group (P <0.05).
The mean of GSH in the 500 mg/kg morin group was
significantly lower than that in the L-dopa group, but it
was significantly higher than in the 300 and 400 mg/kg
morin groups and the physiologic serum group (P <0.05)

(Fig.5).
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Figure 5: Comparison of the mean GSH values in the 300, 400, and 500 mg/kg morin groups with the positive
control (L-dopa) and negative control (physiological serum) groups. *shows significant difference with the
control group (normal saline) (P <0.05); # shows significant difference with the control group (L-dopa) (P
<0.05); + shows significant difference with the 300 mg/kg morin group (P <0.05). **shows significant difference
with the 400 mg/kg morin group (P <0.05). Data are presented as mean + standard error (SEM) (n = 8).

DISCUSSION

Despite new advances for treatment of PD symptoms,
most patients will ultimately become disabled and unable
to work. Until now, definitive treatment and appropriate
medication for this disease have not been established.
Therefore, finding a more effective drug with
undesirable effects to deal with the symptoms of this
disease is very important.*® Chen et al. (2017)
investigated the therapeutic effects of morin (30 mg/kg)
in focal cerebral ischemia and reported positive
therapeutic effects including MDA reduction, which
support our findings.[*® Our findings showed a positive
dose-dependent effect of morin on the GSH levels so that
increasing the mean dose increases the GSH level.
Comparing the effects of different doses of morin with
L-Dopa showed that the L-Dopa resulted in greater
levels of GSH compared with the other morin groups. It
is consistence with our findings. Chen et al. (2017)
reported that morin (30 mg/kg) increased the levels of
antioxidants (SOD, GSH, and GP,) that have therapeutic
effects in focal cerebral ischemia. Similarly, the findings
of the Subash et al.’s study (2009) showed that morin (30
mg/kg) increased the levels of different antioxidants
(SOD, GSH, and GPy) in chronic hyperammonemia
induced by ammonium chloride in rat models.[*”? Zhang
et al. (2010) showed that morin has a neuroprotective
effect in both in vitro and in vivo environments and may
be used as a new treatment for PD and other
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neurodegenerative diseases.®® Moreover, Chen et al.
(2017) demonstrated the beneficial effect of morin on
cerebral ischemia through reducing oxidative stress,
inhibiting apoptosis and inflammation, and suggesting
that neuroprotective morin effects may be useful as a
strong supplement to improve the ischemic stroke
symptoms.*®! Lee et al. (2016) reported the multiple
neuroprotective mechanisms of morin for PD, suggesting
that Morin could be used as a potential and prophylactic
treatment for PD."®! The findings of these studies
support our findings. The findings of our study showed
that morin could have an antioxidant and protective
effect on the dopaminergic neurons of substantia nigra
against the oxidative stress induced by perphenazine.
This effect was dose-dependent and higher doses were
more effective. PD is a chronic neurodegenerative
disease in humans; thus, using morin in PD, particularly
during the first stages of the disease, can reduce or slow
down the death of dopaminergic neurons and may be
effective in reducing the progression of disease
symptoms. Pharmacological data of the present study
reinforce the hypothesis of using morin as a new drug in
the treatment of PD. In conclusion, it is suggested that
future studies focus on antioxidant capacity and
neuroprotective effects of morin.

40



Sistani Karampour et al.

Author

Contributions: Conceptualization, N.S.K;

investigation, A.D.; formal analysis, and writing—
original draft preparation, A.A.

Funding: The financial support provided by grants from
Ali Doosalivand’s thesis, pharm. D that is financially
supported by the Ahvaz Jundishapur University of
Medical Sciences (AJUMS) (Grant No. B-9695).

Conflicts of Interest: The authors declare no conflict of
interest.

REFERENCES

1.

Stolze H, Klebe S, Baecker C, Zechlin C, Friege L,
Pohle S, Deuschl G. Prevalence of gait disorders in
hospitalized neurological patients. Movement
disorders: official journal of the Movement Disorder
Society, 2005 Jan; 20(1): 89-94. DOI:
10.1002/mds.20266

Albrecht S, Buerger E. Potential neuroprotection
mechanisms in PD: focus on dopamine agonist
pramipexole. Current medical research and opinion,
2009 Dec 1; 25(12): 2977-87. DOL:
10.1185/03007990903364954

Dorsey E, Constantinescu R, Thompson JP, Biglan
KM, Holloway RG, Kieburtz K, Marshall FJ,
Ravina BM, Schifitto G, Siderowf A, Tanner CM.
Projected number of people with Parkinson disease
in the most populous nations, 2005 through 2030.
Neurology, 2007 Jan 30; 68(5): 384-6. DOI:
10.1212/01.wnl.0000247740.47667.03

Klegeris A, McGeer PL. R-(—)-Deprenyl inhibits
monocytic THP-1 cell neurotoxicity independently
of monoamine oxidase inhibition. Experimental
neurology, 2000 Dec 1; 166(2): 458-64. DOI:
10.1006/exnr.2000.7517

Guillot TS, Richardson JR, Wang MZ, Li YJ, Taylor
TN, Ciliax BJ, Zachrisson O, Mercer A, Miller GW.
PACAP38  increases  vesicular ~ monoamine
transporter 2 (VMAT2) expression and attenuates
methamphetamine toxicity. Neuropeptides, 2008
Aug 1 42(4): 423-34. DOl:
10.1016/j.npep.2008.04.003

Esposito E, Rotilio D, Di Matteo V, Di Giulio C,
Cacchio M, Algeri S. A review of specific dietary
antioxidants and the effects on biochemical
mechanisms related to neurodegenerative processes.
Neurobiology of aging, 2002 Sep 1; 23(5): 719-35.
DOI: 10.1016/S0197-4580(02)00078-7

Chaturvedi RK, Shukla S, Seth K, Chauhan S, Sinha
C, Shukla Y, Agrawal AK. Neuroprotective and
neurorescue effect of black tea extract in 6-
hydroxydopamine-lesioned rat model of Parkinson's
disease. Neurobiology of disease, 2006 May 1;
22(2): 421-34. DOI: 10.1016/j.nbd.2005.12.008
Sehitoglu MH, Han H, Kalin P, Giilgin I, Ozkan A,
Aboul-Enein HY. Pistachio (Pistacia vera L.) Gum:
A potent inhibitor of reactive oxygen species.
Journal of enzyme inhibition and medicinal

www.ejbps.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European Journal of Biomedical and Pharmaceutical Sciences

chemistry, 2015 Mar 4; 30(2): 264-9. DOI:
10.3109/14756366.2014.915395

Arabaci B, Gulcin I, Alwasel S. Capsaicin: a potent
inhibitor of carbonic anhydrase isoenzymes.
Molecules, 2014; 19(7): 10103-14. DOI:
10.3390/molecules190710103

Bursal E, Kéksal E, Giilgin 1, Bilsel G, Géren AC.
Antioxidant activity and polyphenol content of
cherry stem (Cerasus avium L.) determined by LC-
MS/MS. Food research international, 2013 Apr 1;
51(1): 66-74. DOI: 10.1016/j.foodres.2012.11.022
Gulcin I, Beydemir S. Phenolic compounds as
antioxidants: carbonic anhydrase isoenzymes
inhibitors. Mini reviews in medicinal chemistry,
2013 Mar  1; 13(3): 408-30. DOl:
10.2174/138955713804999874

Giilgin I, Topal F, Cakmak¢1 R, Bilsel M, Géren
AC, Erdogan U. Pomological features, nutritional
quality, polyphenol content analysis, and antioxidant
properties of domesticated and 3 wild ecotype forms
of raspberries (Rubus idaeus L.). Journal of Food
Science, 2011 May; 76(4): C585-93. DOI:
10.1111/j.1750-3841.2011.02142.x

Bursal E, Giilgin I. Polyphenol contents and in vitro
antioxidant activities of lyophilised aqueous extract
of Kiwifruit (Actinidia deliciosa). Food Research
International, 2011 Jun 1; 44(5): 1482-9. DOI:
10.1016/j.foodres.2011.03.031

Goécer H, Giilgin 1. Caffeic acid phenethyl ester
(CAPE): correlation of structure and antioxidant
properties. International journal of food sciences and
nutrition, 2011 Dec 1; 62(8): 821-5. DOI:
10.3109/09637486.2011.585963

Giilgin 1, Topal F, Sarikaya SB, Bursal E, Bilsel G,
Goren AC. Polyphenol Contents and Antioxidant
Properties of Medlar (Mespilus germanica L.
Records of Natural Products, 2011; 5(3): 158. DOI:
10.1016/j.fct.2010.05.053

Gulcin I, Buyukokuroglu ME, Oktay M,
Kufrevioglu OIl. On the in vitro antioxidative
properties of melatonin. Journal of Pineal Research,
2002 Oct; 33(3): 167-71. DOI: 10.1034/j.1600-
079X.2002.20920.x

Lai LS, Chou ST, Chao WW. Studies on the
antioxidative activities of Hsian-tsao (Mesona
procumbens Hemsl) leaf gum. Journal of
Agricultural and Food Chemistry, 2001 Feb 19;
49(2): 963-8. DOI: doi.org/10.1021/jf001146k
Gulgin I, Mshvildadze V, Gepdiremen A, Elias R.
Screening of antiradical and antioxidant activity of
monodesmosides and crude extract from Leontice
smirnowii tuber. Phytomedicine, 2006 May 9; 13(5):
343-51. DOI: 10.1016/j.phymed.2005.03.009

Giilgin 1. Antioxidant activity of caffeic acid (3, 4-
dihydroxycinnamic acid). Toxicology, 2006 Jan 16;
217(2-3): 213-20. DOI: 10.1016/j.tox.2005.09.011
Kalin P, Giilgin I, Géren AC. Antioxidant activity
and polyphenol content of cranberries (Vaccinium
macrocarpon). Records of Natural Products, 2015;
9(4): 496. DOI: 10.1016/j.fct.2018.05.066

41



Sistani Karampour et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Giilgin 1, Sat IG, Beydemir S, Kiifrevioglu OI.
Evaluation of the in vitro antioxidant properties of
broccoli extracts (Brassica oleracea L.). Italian
journal of food science, 2004 Jan 1; 16(1). DOI:
10.1080/00032710500423385

Koksal E, Bursal E, Dikici E, Tozoglu F, Gulcin I.
Antioxidant activity of Melissa officinalis leaves.
Journal of Medicinal Plants Research, 2011 Jan 18;
5(2): 217-22. URL:
http://www.academicjournals.org/JMPR. DOI:
10.1177/2156587216663433.

Giilgin I. Antioxidant activity of eugenol: A
structure—activity relationship study. Journal of
medicinal food, 2011 Sep 1; 14(9): 975-85. DOI:
10.1089/jmf.2010.0197

Giilgin I, Huyut Z, Elmastas M, Aboul-Enein HY.
Radical scavenging and antioxidant activity of
tannic acid. Arabian Journal of Chemistry, 2010 Jan
1; 3(1): 43-53. DOI: 10.1016/j.arabjc.2009.12.008
Innocenti A, Gulgin I, Scozzafava A, Supuran CT.
Carbonic  anhydrase inhibitors.  Antioxidant
polyphenols effectively inhibit mammalian isoforms
I-XV. Bioorganic & medicinal chemistry letters,
2010 Sep 1; 20(17): 5050-3. DOI:
10.1016/j.bmcl.2010.07.038

Giilgin I, Bursal E, Sehitoglu MH, Bilsel M, Goren
AC. Polyphenol contents and antioxidant activity of
lyophilized aqueous extract of propolis from
Erzurum, Turkey. Food and Chemical Toxicology,

2010 Aug 1; 48(8-9): 2227-38. DOI:
10.1016/j.fct.2010.05.053
Tohma HS, Gulgin |. Antioxidant and radical

scavenging activity of aerial parts and roots of
Turkish  liquorice  (Glycyrrhiza glabra  L.).
International Journal of Food Properties, 2010 Jun
30; 13(4): 657-71. DOI:
10.1080/10942911003773916

Balaydin HT, Giilgin I, Menzek A, Goksu S, Sahin
E. Synthesis and antioxidant properties of
diphenylmethane derivative bromophenols including
a natural product. Journal of enzyme inhibition and
medicinal chemistry, 2010 Oct 1; 25(5): 685-95.
DOI: 10.3109/14756360903514164

Giilgin I, Elias R, Gepdiremen A, Chea A, Topal F.
Antioxidant  activity of  bisbenzylisoquinoline
alkaloids from Stephania rotunda: cepharanthine and
fangchinoline. Journal of Enzyme Inhibition and
Medicinal Chemistry, 2010 Feb 1; 25(1): 44-53.
DOI: 10.3109/14756360902932792

Gil¢in I, Bursal E, Sehitoglu MH, Bilsel M, Goren
AC. Polyphenol contents and antioxidant activity of
lyophilized aqueous extract of propolis from
Erzurum, Turkey. Food and Chemical Toxicology,
2010 Aug 1; 48(8-9): 2227-38. DOI:
10.1016/j.fct.2010.05.053

Talaz O, Giigin I, Goksu S, Saracoglu N.
Antioxidant activity of 5, 10-dihydroindeno [1, 2-b]
indoles containing substituents on dihydroindeno
part. Bioorganic & medicinal chemistry, 2009 Sep

www.ejbps.com

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

European Journal of Biomedical and Pharmaceutical Sciences

15; 17(18): 6583-9. DOl:
10.1016/j.bmc.2009.07.077

G | in L. Antioxidant activity of l-adrenaline: A
structure  activity insight. Chemico-Biological
Interactions, 2009; 179(2-3): 71-80. DOI:
10.1016/j.cbi.2008.09.023

Giilgin I, Elias R, Gepdiremen A, Taoubi K, Kéksal
E. Antioxidant secoiridoids from fringe tree
(Chionanthus virginicus L.). Wood science and
technology, 2009 May 1; 43(3-4): 195. DOI:
10.1007/s00226-008-0234-1

Ak T, Giilgin 1. Antioxidant and radical scavenging
properties of  curcumin.  Chemico-biological
interactions, 2008 Jul 10; 174(1): 27-37. DOI:
10.1016/j.cbi.2008.05.003

Gottlieb M, Leal-Campanario R, Campos-Esparza
MR, Sanchez-Gémez MV, Alberdi E, Arranz A,
Delgado-Garcia JM, Gruart A, Matute C.
Neuroprotection by two polyphenols following
excitotoxicity =~ and  experimental ischemia.
Neurobiology of disease, 2006 Aug 1; 23(2):
374-86. DOI: 10.1016/j.nbd.2006.03.017

Ibarretxe G, Sanchez-Gémez MV, Campos-Esparza
MR, Alberdi E, Matute C. Differential oxidative
stress in oligodendrocytes and neurons after
excitotoxic insults and protection by natural
polyphenols. Glia, 2006 Jan 15; 53(2): 201-11. DOI:
10.1002/glia.20267

Wu TW, Fung KP, Zeng LH, Wu J, Hempel A, Grey
AA, Camerman N. Molecular properties and
myocardial salvage effects of morin hydrate.
Biochemical pharmacology, 1995 Feb 14; 49(4):
537-43. DOI: 10.1016/0006-2952(94)00446-S
Bartosikova L, Necas J, Suchy V, Kubinova R,
Vesela D, Benes L, Bartosik T, Illek J, Salplachta J,
Klusakova J, BartoSova L. Monitoring of
antioxidative effect of morine in alloxan-induced
diabetes mellitus in the laboratory rat. Acta
Veterinaria Brno., 2003; 72(2): 191-200. DOI:
10.2754/avh200372020191

Zhang ZT, Cao XB, Xiong N, Wang HC, Huang JS,
Sun SG, Wang T. Morin exerts neuroprotective
actions in Parkinson disease models in vitro and in
vivo. Acta Pharmacologica Sinica, 2010 Aug; 31(8):
900. DOI: 10.1038/aps.2010.77

Hyun HB, Lee WS, Go SlI, Nagappan A, Park C,
Han MH, Hong SH, Kim G, Kim GY, Cheong J,
Ryu CH. The flavonoid morin from Moraceae
induces apoptosis by modulation of Bcl-2 family
members and Fas receptor in HCT 116 cells.
International journal of oncology, 2015 Jun 1; 46(6):
2670-8. DOI: 10.3892/ij0.2015.2967

Jin H, Lee WS, Eun SY, Jung JH, Park HS, Kim G,
Choi YH, Ryu CH, Jung JM, Hong SC, Shin SC.
Morin, a flavonoid from Moraceae, suppresses
growth and invasion of the highly metastatic breast
cancer cell line MDA-MB-231 partly through
suppression of the Akt pathway. International
journal of oncology, 2014 Oct 1; 45(4): 1629-37.
DOI: 10.3892/ij0.2014.2535

42



Sistani Karampour et al. European Journal of Biomedical and Pharmaceutical Sciences

42. Campos-Esparza MR, Sanchez-Gémez MV, Matute
C. Molecular mechanisms of neuroprotection by two
natural antioxidant polyphenols. Cell calcium, 2009
Apr 1; 45(4): 358-68. DOI:
10.1016/j.ceca.2008.12.007

43. Houshmand G, Tarahomi S, Arzi A, Goudarzi M,
Bahadoram M, Rashidi-Nooshabadi M. Red Lentil
Extract: Neuroprotective Effects on Perphenazine
Induced Catatonia in Rats. Journal of Clinical and
Diagnostic Research, 2016 Jun; 10(6): FF05-8. DOI:
10.7860/JCDR/2016/17813.7977.

44, Kim ST, Son HJ, Choi JH, Ji 1J, Hwang O. Vertical
grid test and modified horizontal grid test are
sensitive methods for evaluating motor dysfunctions
in the MPTP mouse model of Parkinson's disease.
Brain research, 2010 Jan 8; 1306: 176-83. DOI:
10.1016/j.brainres.2009.09.103

45. Ellingson LD, Zaman A, Stegemdéller EL., Sedentary
Behavior and Quality of Life in Individuals With
Parkinson's Disease, 2019 Jun 18:
1545968319856893. DOI:
10.1177/1545968319856893.

46. Chen Y, LiY, XuH, Li G, Ma Y, Pang YJ. Morin
mitigates  oxidative  stress,  apoptosis  and
inflammation in cerebral ischemic rats. African
Journal of Traditional, Complementary and
Alternative Medicines, 2017; 14(2): 348-55. DOI:
10.21010/ajtcam.v14i2.36

47. Subash S, Subramanian P. Morin a flavonoid exerts
antioxidant potential in chronic hyperammonemic
rats: a biochemical and histopathological study.
Molecular and cellular biochemistry, 2009 Jul 1,
327(1-2): 153. DOI: 10.1007/s11010-009-0053-1

48. Lee KM, Lee Y, Chun HJ, Kim AH, Kim JY, Lee
JY, Ishigami A, Lee J. Neuroprotective and
anti-inflammatory effects of morin in a murine
model of Parkinson's disease. Journal of
neuroscience research, 2016 Oct; 94(10): 865-78.
DOI: 10.1002/jnr.23764

www.ejbps.com 43



