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Introduction:-

Aim of the work: This work was performed to study the effect of
different doses of silymarin on rotenone-induced Parkinsonism in rats.
Methods: 60 rats divided into 3 groups, I- control group (10 rats)
received no treatment, Il- Positive control group (10 rats) received
intraperitoneal injection of silymarin (SM) at a dose of 200 mg/kg daily
for 2 weeks, Ill- Rotenone-treated (RT) group (40 rats) received
subcutaneous injection of rotenone at a dose of 1.5 mg/kg/48h for 12
days, then subjected to preliminary behavioral tests. Rats with
parkinsonian features were divided into 4 groups (10 rats each), (llla-
RT group), (I111b- 100 mg/Kg SM-RT), (Ilic- 200 mg/Kg SM-RT) and
(IMd- 300 mg/Kg SM-RT) which received 100, 200, 300 mg/kg
intraperitoneal silymarin daily for 2 weeks.

Results: Rotenone injection caused significant increase of descent
latency time in bar test, brain tissue homogenate levels of
malondialdehyde, nitrite/nitrate, tumor necrosis factor-alpha, caspase-3
and serum 8-hydroxy-2'-deoxyguanosine and significant decrease of
forepaw stride length, brain tissue homogenate levels of catalase, brain-
derived neurotrophic factor and dopamine when compared to control
groups. Silymarin treatment reversed rotenone effect significantly in a
dose-dependent manner.

Conclusion: Silymarin can be used as a promising adjuvant therapy in
treatment of Parkinsonism. Its neuroprotective effect is mediated by
silymarin’s antioxidant, anti-inflammatory and anti-apoptotic effect
which eventually enhanced dopamine level and the characteristic motor
deficits of PD in a dose-dependent manner. Further clinical trials are
required with special reference to the dose.

Copy Right, 1JAR, 2018,. All rights reserved.

Parkinsonism (PD) is now the world’s second most common neurodegenerative disorder, affecting more than six
million people worldwide (Robert et al., 2018). The initial description of PD, made by James Parkinson in 1817,
mainly focused on akinesia, tremors, and rigidity as the three cardinal motor symptoms of Parkinson’s disease (PD).
Onset of motor symptoms predominantly results from 50-80% reduced striatal dopamine levels (Mller & Méhr,

2018).
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Rotenone, a natural cytotoxic compound extracted from plants in the Leguminosae family and one of the most toxic
rotenoids, is neurotoxin that has been widely used to mimic PD cellular characteristics since it is a mitochondrial
complex I inhibitor. Mitochondrial function impairment, together with other key molecular events, such as oxidative
stress and apoptosis, may contribute to the onset of neuronal death and thus, to the symptoms of neurodegenerative
diseases (Serrano-Garcia et al., 2018).

L-dopa, which is currently used as the most convenient treatment for PD, is most effective for amelioration of
impaired motor behavior in PD patients. On the other hand, too high L-dopa dosing may contribute to neuronal
dying and aging process in general (Miller & Kohlhepp, 2016). This consequently lead to the emergence of
levodopa-induced dyskinesias and motor fluctuations, as well as the development of dopamine-unresponsive
features of gait making PD incurable to date (Mdiller & Méhr, 2018).

Silymarin is flavonolignan, obtained from seeds of Silybum marianum. It is an antioxidant, hepatoprotective,
antidiabetic, anti-inflammatory, antifibrotic, and cytoprotective (Vivekanandan et al., 2018). Neuroprotective effects
of silymarin have been studied in various models of neurological disorders such as Alzheimer’s disease and cerebral
ischemia (Ullah & Khan, 2018).

However, the mechanism of its neuroprotective effect is still unclear (Song et al., 2016). Moreover, less information
is available about its effect on motor deficits in PD (Haddadi et al., 2014). Also, it is unknown whether it can
protect dopaminergic neurons in the animal model of PD in vivo (Jung et al., 2014).

Thus, the aim of this work was to study the effect of different doses of Silymarin on rotenone-induced parkinsonism.

Materials & Methods:
The current work was carried out at Medical Physiology Department, in accordance to the guidelines of the Ethical
Committee of Medical Research, Faculty of Medicine, Tanta University, Egypt to minimize animal suffering.

Reagents and drugs:

All materials used, unless noted otherwise, were supplied by Sigma-Aldrich Co., USA. Serum oxidative DNA
damage (8-hydroxy-2’-deoxyguanosine level) ELISA kit was supplied by (Enzo life Life sciences, USA).
Malondialdehyde (MDA), Catalase (CAT) and niyrite/nitrate reagent kits were supplied by Bio-Diagnostics Co.,
Giza, Egypt. Rat Tumor necrosis factor alpha (TNF-) ELISA kit was supplied by (Shanghai Sunred Biological
Technonlgy Co., China). Rat Brain derived neurotropic factor (BDNF) ELISA kit was supplied by MyBioSource
Co.,USA. Caspase-3 reagent kits were supplied by RayBiotech, Inc.. Chemicals of high analytical grade were
obtained from local chemical suppliers for measurement of dopamine level.

Animal management:

The present work was carried out on 60 adult male Albino rats of the local strain weighing (150-200 g). All rats
were housed in isolated animal cages in room temperature in a standard animal house with free access to water and
food all over the period of work. Animals were kept for two weeks for acclimatization.

Experimental procedure (Figure 1):

The rats were divided into three main groups as follows:

1. Control group (10 rats) which received no treatment,

2. Positive control group (10 rats) which received intraperitoneal (IP) injection of silymarin (SM) dissolved in
50% polyethylene glycol (PEG) at a dose of 200 mg/kg (Haddadi et al., 2014) daily for 2 weeks (Plangar et al.,
2013).

3. Rotenone-treated (RT) group (40 rats): which received subcutaneous (SC) injection of rotenone at a dose of 1.5
mg/kg/48h dissolved in 1:1 dimethylsulfoxide (DMSO) and PEG for 12 days (Soliman et al., 2016). This group
was started with a larger number of rats because mortality was expected and to obtain the desired number of rats
with parkinsonian features. Dead animals were excluded from the study. The remaining survived rats were
subjected to preliminary behavioral tests after 3 days of training. From the rats that showed parkinsonian
features, 40 rats only were used divided into 4 equal groups (10 rats each) for accurate statistical analysis; (llla-
RT group), (I1lb- 100 mg/Kg SM-RT), (Illc- 200 mg/Kg SM-RT) and (Il1ld- 300 mg/Kg SM-RT) which
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received daily IP injection of silymarin at doses of 0, 100, 200 and 300 mg/kg ,dissolved in 50% PEG,
(Haddadi et al., 2014) respectively for 2 weeks (Plangar et al., 2013)

Neurobehavioral Tests:

At the end of the experiment, the following behavioral tests were carried out on all groups for neurobehavioral
analysis of parkisnonian features. Rats were trained on these tests for three days, and then the tests were carried out:
1-Bar test for catalepsy: in which rats were placed with both forepaws on a bar which was 10 cm above the base in
half rearing position and the time of removal of one or both paws was recorded and considered as the bar test
elapsed time. Cut-off time for descent latency time was considered as 180 s (El-Horany et al., 2016).

2-Forepaw stride length to assess the shuffling gate observed in PD patients: In this test, rats were trained to walk
down a narrow corridor which was lined by clean white paper. Their forepaws were dipped in ink and they were
allowed to walk along the corridor again to analyze any deficits in stride length through measuring the distance
between the footprints (Taylor et al., 2010).

Blood and tissue collection:

All rats were anaesthetized by i.p injection of phenobarbital (50 mg/kg) (Samson et al., 1957). Retro-orbital blood
samples were collected from all animals for serum preparation. Then, all animals were sacrificed by cervical
dislocation. Brains were dissected very quickly and carefully to avoid any mechanical trauma, washed with ice cold
saline, and then divided into pieces, wrapped in aluminum foil and stored at —80°C till used for preparation of brain
tissue homogenate

The sacrificed animals were packed in special package according to safety precautions and infection control
measures and sent with hospital biohazard.

Biochemical analysis:

Serum oxidative DNA damage (8-hydroxy-2’-deoxyguanosine level) was measured in all prepared sera of all groups
(Rangel-Lopez et al., 2013). The following parameters were measured in prepared brain tissue homogenate for all
groups: Dopamine level: by fluorometric assay (Jacobowitz & Richardson, 1978), MDA level: by colorimetric
method (Ohkawa et al., 1979), CAT activity: by colorimetric method (Aebi, 1984), Nitrite/Nitrate level: by
colorimetric method (Montgomery & Dymock, 1961), Tumor Necrosis Factor Alpha (TNF- o) assay: by ELISA
(Brouckaert et al., 1993), Brain Derived Neurotrophic factor (BDNF) assay: by ELISA (Baker-Herman et al., 2004),
Caspase-3 level: by ELISA (Porter & Janicke, 1999).

Statistical analysis:-

Results were expressed as Mean + SD and all statistical comparisons were made by means of one-way ANOVA test,
followed by Tukey’s post hoc analysis, and p values less than 0.05 were considered statistically significant. Analysis
was performed by statistical package for the social science software version 22.00 for windows (SPSS Inc., Chicago,
IL, USA,2013) and GraphPad prism software version 7.0 (San Diego, USA, 2016).

Results:-

Effect of silymarin on rotenone induced neurobehavioral deficits:

As shown in figure 2 (A & B) & figure 3 (A,B,C & D), the results of this work clearly indicate that rotenone could
induce the characteristic motor parkinsonian features including catalepsy & shuffling gate as shown by the
significant change induced by rotenone in the bar test & the forepaw stride length tests respectively when compared
to the control group. On the other hand, silymarin injection cause significant decrease in descent latency time in bar
test and significant increase in forepaw stride length when compared to rotenone group. Silymarin effect was shown
to be graded and dose-dependent as evidenced by the significant difference between the results of silymarin
injection at a dose of 100 mg/kg and 300 mg/kg which eventually showed insignificant change when compared to
the control.

Effect of silymarin on rotenone induced oxidative, nitrostative and inflammatory stress:
As shown in figure 4 (A & B) & figure 5 (A &B), rotenone injection induced a significant increase of MDA levels
in the brain tissue indicating increased lipid peroxidation, decreased catalase activity in the brain tissue indicating

927



ISSN: 2320-5407 Int. J. Adv. Res. 6(12), 925-937

decreased antioxidant capacity, increased TNF-o indicating inflammatory stress and increased nitrite/nitrate in brain
tissue indicating nitrosative stress. Silymarin injection showed significant change when compared to rotenone-
treated groups in a dose dependant manner as aforementioned.

Effect of silymarin on rotenone-induced apoptosis:

As shown in figure 6, the results of this work showed that rotenone injection induced significant increase of brain
tissue levels caspase-3 when compared to control respectively. Silymarin showed significant decrease of caspase-3
when compared to rotenone in a dose dependent manner. These levels showed insignificant change when compared
to control at silymarin dose of 300 mg/kg.

Effect of silymarin on rotenone-induced DNA oxidative damage:

As shown in figure 7, our results showed that rotenone causes significant oxidative DNA damage indicated by the
significant increase in serum 8-OHdG levels when compared to control. Silymarin treatment resulted in significant
decrease of 8-OHdG levels when compared to rotenone reaching a result insignificant from control at the dose of
300 mg/kg in a dose dependent manner.

Effect of silymarin on BDNF:

As shown in figure 8, rotenone significantly lowered the BDNF level when compared to control. Silymarin, however
could elevate the BDNF level significantly starting at a dose of 100 mg/kg, which showed significant increase
compared to rotenone results, in a dose-dependent manner as mentioned before. BDNF levels increased to reach an
insignificant change when compared to control at doses of 200 mg/kg and 300mg/kg.

Effect of silymarin on dopamine

As shown in figure 9, rotenone also induced significant decrease in dopamine levels in brain tissue which was
alleviated by silymarin starting at a dose of 200 mg/kg which showed significant increase when compared to
rotenone and showed insignificant change when compared to control. The effect of silymarin showed a dose-
dependent manner as mentioned before.

Discussion:-

Behavioral assessment is a strong hallmark in evaluation of neuroprotection (Haddadi et al., 2014). The results of
this work clearly indicate that rotenone could induce the characteristic motor parkinsonian features including
catalepsy & shuffling gate as shown by the results of the bar test & the forepaw stride length tests respectively.

Consistent with our results, (Betarbet et al., 2000) showed that rotenone injection at a dose of 2-3 mg/kg was able to
induce the characteristic parkinsonian hypokinetic and postural instability features. However, lower doses have
failed to induce these motor symptoms as investigated by (Cannon et al., 2009). Betarbet et al., 2000; Ayala et al.,
2007 and Fathalla, et al., 2016 showed that rotenone caused most histopathological features of PD as much as
damage to central dopaminergic neurons, clear degeneration and apoptosis of substantia nigra (SN) dopaminergic
neurons along with the motor abnormalities. Dopamine loss in the striatum leads to reduced activation of striatal D1-
and D2-receptors, and subsequent reduction of activity along the direct (D1) pathway, an increase of activity along
the indirect (D2) pathway, leading to an overall increase of the internal segment of globus pallidus / substatia nigra
pars reticularis (GPi/SNr) activity and inhibition of thalamocortical transmission which, in turn, leads to akinesia
and bradykinesia, respectively (Wichmann et al., 2018).

The results of (Haddadi et al., 2015) were similar to our results regarding catalepsy. All 3 doses of silymarin
significantly attenuated the severity of induced catalepsy, indicated by bar test results, but 300 mg/kg showed an
earlier response, after a single dose, than 200 and 100 mg/kg. Moreover, (Haddadi et al., 2013) showed that
pretreatment with silymarin in the same three doses was also capable of preventing catalepsy in 6-hydroxydopamine
(6-OHDA) treated rats. Lu et al., 2010, Haddadi et al., 2013 and Haddadi, et al., 2014 attributed the silymarin-
induced improvement of cognitive deficits in PD animal models to silymarin’s neuroprotective effect exerted
through counteracting the oxidative stress process (Nencini et al., 2007) and inhibition of inflammatory pathways
(Haddadi et al., 2013) which is also evidenced in this study.
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The results of this work revealed that rotenone injection induced a state of oxidative, inflammatory and nitrostative
stress condition as evidenced by the significant increase of MDA, decreased catalase activity, increased TNF-a and
increased nitrite/nitrate in brain tissue respectively. These effects were alleviated by silymarin injection.

rotenone has been suggested as an inhibitor of mitochondrial complex | activity uniformly throughout the brain
(Xiong et al., 2009). Complex I inhibition causes generation of OH and ROS initially leading to depletion of
antioxidant molecules such as glutathione in substantia nigra pars compacta (SNpc) (Saravanan et al., 2005). the
enzymes that remove both O2- and H202 protect the cells against intermediates of oxygen generated during normal
aerobic metabolism (Zelko et al., 2002). Impairment of catalase activity by rotenone, as evident in this study,
hinders this antioxidant process. under neuropathological conditions, microglia are activated in response to
dopaminergic neuronal damages. Additionally, activated microglia produce various potentially neurotoxic
molecules, including iNOS and proinflammatory cytokines, such as TNF-a and IL-1b (Block & Hong, 2005; Colton,
et al., 2006 and Yu, et al., 2008). iINOS and pro-inflammatory cytokines may be involved in nigrostriatal
dopaminergic neuronal death. Increasing evidence suggests that activated microglia generate ROS, resulting in
oxidative stress to dopaminergic neurons in the SN (Jung et al., 2014).

Regarding the effect of silymarin on oxidative, inflammatory and nitrostative stress, there is no contradiction
between our results and the results of (Haddadi, et al., 2013 and Haddadi, et al., 2014) who showed that
pretreatment with silymarin prevented TNF-a, other inflammatory cytokines and MDA elevation in nigrostriatal
tissue of rat models of PD and in a doses-dependent pattern. Also, (Baluchnejadmojarad et al., 2010) showed
significant decrease of MDA after single injection of SM at a dose of 200 mg/kg but not in the dose of 100 mg/kg.

Controversially, Malekinejad et al., 2012 showed that unlike the lower dosage levels, long-term administration (8
weeks) of silymarin at a dose of 100 mg/kg might cause pro-oxidant effects on organs such as hippocampus which
showed augmentation of NO and MDA content and upregulation of proinflammatory mediators such as IL-1b at
MRNA level. This controversy might be attributed to the prolonged duration of administration. Also, (Johnson, et
al., 2003) showed that SM at a dose of 250 mg/kg results in increased expression of TNF- a, IL-1B, IL-6 and iNOS
in mice spleenocytes. Also, in contradiction to our study, the results of (Baluchnejadmojarad et al., 2010) who
showed that nitrate/nitrite level was non-significantly lowered by silymarin at a dose of 200 mg/kg when compared
to the PD group which may be attributed to the shorter duration of treatment. Also (Lee et al., 2015) reported that
silibinin, the major active constituent of silymarin, had no clear modulatory effect on neuroinflammation suggesting
that suggest that silibinin has a direct neuroprotective role rather than indirect effects via modulating
neuroinflammation.

The results of this work also showed that rotenone injection induced apoptotic changes as evidenced by the
significantly increased brain tissue levels caspase-3 whereas Silymarin showed an anti-apoptotic effect.

(Baluchnejadmojarad et al., 2010 and Huang et al., 2016) reported that oxidative stress also compromises
mitochondrial oxidative phosphorylation which leads to decreased energy output and secondary cell death. The
critical damage to mitochondria, enhanced ROS formation and provoked oxidative damage caused by rotenone
exposure mediates rotenone-induced apoptosis. Inhibition of apoptosis by silymarin is dependent on inhibition of
NF-kB activation (Manna, et al., 1999).

Our results also showed that rotenone causes significant oxidative DNA damage indicated by the significant increase
in serum 8-OHAG levels while Silymarin treatment resulted in significant decrease of 8-OHdG levels. Rotenone-
induced mitochondrial dysfunction leads to increased oxidative stress as evident in the present study. Hence, the
oxidative damage to lipids, proteins and DNA can be detected as in the reports by (Dias et al., 2013 and Hwang,
2013) who reported oxidative damage in lipids, proteins and DNA in brain tissue from PD patients.

Overall, in all three studies (Alam et al., 1997; Zhang et al., 1999 and Hegde, 2006), late stage PD cases were used,
and therefore the increase in DNA damage was found in the remaining small fraction of surviving neurons (or
perhaps glia), as it is likely that by this point, the vast majority of dopaminergic neurons have already degenerated. It
is unclear whether DNA damage is responsible for neuronal loss or is an epiphenomenon of the disease in the
surviving neurons or both. In addition, mtDNA damage was not investigated (Coppedé & Migliore, 2015).
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To our knowledge, this is the first study to demonstrate the effect of silymarin on DNA oxidative damage in
rotenone-induced PD. Our results show no contradiction with the work of (Di Cesare Mannelli et al., 2013) who
reported that silibinin decreased oxidative DNA damage in oxiplatin-induced oxidative stress in nervous system-
derived cellular models.

The results of this work revealed that rotenone significantly lowered the BDNF level whereas silymarin, however
could elevate the BDNF level significantly. To our knowledge, this study was the first to report the effect of
silymarin on BDNF in rotenone-induced rat model of PD. (Song et al., 2016) reported the reduced expression of
BDNF and High-affinity tyrosine kinase beta (TrkB) induced by lipopolysaccharide-injection was reversed by
silibinin-treatment in memory impairment rat model which correlates with our results. Also, (Jangra et al., 2015)
reported that silibinin ameliorated the aluminum-induced decrease in BDNF in hippocampus.

The results of this work revealed that rotenone induced significant decrease in dopamine levels in brain tissue which
was alleviated by silymarin starting at a dose of 200 mg/kg which showed significant increase when compared to
rotenone and showed insignificant change when compared to control.

(Anusha et al., 2017) reported rotenone-induced loss of tyrosine hydroxylase (TH) positive neurons and decreased
TH protein expression in the SNpc. Also, Siddiqui, et al., 2010 and Anusha, et al., 2017 reported decreased D2
receptor expression in rotenone induced neurotoxicity which accounts for the reported dopaminergic neuron loss and
level of dopamine release in the striatum. In addition, increased oxidative stress due to mitochondrial compromise in
PD model animals has been proposed to contribute to the degeneration of dopaminergic neurons (Marella et al.,
2008). In the same context, Cicchetti et al., (2002) reported that rotenone-induced oxidative stress results in
microglia activation which leads to neurotoxicity of dopaminergic neurons.

Regarding silymarin's efect on dopamine, (Perez et al., 2014) reported that silymarin protected dopaminergic
neurons starting at a dose of 100 mg/kg proposing that this was possibly due to its antioxidant and anti-inflammatory
properties. They also showed that silymarin alone had no effect on dopamine levels in control mice which is shown
in this study as well. Controversially, Perez et al., 2014 highlighted that silymarin doses of 200 and 300 mg/kg
showed less dopamine preserving effect when compared to doses of 50 and 100 mg/kg which was attributed to the
pro-oxidant and pro-inflammatory effect of silymarin at high doses as previously reported by (Malekinejad et al.,
2012).

Conclusion:-

We can conlcude that silymarin is a potent neuroprotective flavonoid via its antioxidant, anti-inflammatory and anti-
apoptotic effect which eventually enhanced dopamine level and the characteristic motor deficits of PD. The
investigated neuroprotective effect was shown to be dose-dependent.

Recommendations:

Our data suggests that silymarin can be used as a promising adjuvant therapy in treatment of PD. However, further
clinical trials are required with special reference to the dose in order to avoid any undesirable side effects of high
dose.

Disclaimer:
The authors report no conflict of interest. This study was self-funded.
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Figure 1:-Schematic diagram of the experimental procedure.
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Forepaw stride length (cm)

Descent latency time in the bar test (sec)

Figure 2 (A & B):-Effect of different doses of SM on descent latency time in the bar test (seconds) (A) and
Forepaw stride length (cm) (B) in Rt-induced PD: Values are mean = SEM (n = 10). *, # and ** Denote a
statistically significant difference at p < 0.05, * denotes statistical significance when compared to control
group, # denotes statistical significance when compared to Rotenone-treated group, ** denotes statistical

significance when compared to 100 mg/Kg SM-RT group using one way ANOVA with Tukey post hoc
test.

Figure 3:-(A, B, C and ): omprlson-' 0 e"i‘o'r'?épaw stride Ien-gt'h émong the studied groups: A
represents control group, B represents 300 mg/kg Silymarin-rotenone-treated group, C represents
Rotenone-treated group and D represents 100 mg/kg Silymarin-rotenone-treated group
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Brain tissue homogenate MDA (nmol/g)

Figure 4 (A & B):-Effect of different doses of SM on on brain tissue homogenate malondialdehyde
(MDA) level (nmol/g) (A) and brain tissue homogenate catalase activity (CAT) (u/g) (B) in Rt-induced PD:
Values are mean = SEM (n = 10). *, # and ** Denote a statistically significant difference at p < 0.05, *
denotes statistical significance when compared to control group, # denotes statistical significance when
compared to Rotenone-treated group, ** denotes statistical significance when compared to 100 mg/Kg SM-
RT group using one way ANOVA with Tukey post hoc test

3504
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]
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20-

¢ Brain tissue homogenate nitrite/ nitrate (umol/g)
8
Brain tissue homogenate (TNF-o ) (pg/g)

Figure 5 (A & B):-Effect of different doses of SM on on brain tissue homogenate nitrite/ nitrate level
(umol/g) (A) and brain tissue homogenate tumor necrosis factor alpha level (TNF- o) (pg/g) (B) in Rt-
induced PD: Values are mean £ SEM (n = 10). *, #, ** and *** Denote a statistically significant difference
at p <0.05, * denotes statistical significance when compared to control group, # denotes statistical
significance when compared to Rotenone-treated group, ** denotes statistical significance when compared
to 100 mg/Kg SM-RT group, *** denotes statistical significance when compared to 200 mg/Kg SM-RT
group using one way ANOVA with Tukey post hoc test
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Brain tissue homogenate caspase-3 level (OD/ugm protein)

Figure 6:-Effect of different doses of SM on brain tissue homogenate caspase-3 level (OD/ugm protein) in
Rt-induced PD: Values are mean = SEM (n = 10). *, # and ** Denote a statistically significant difference at
p <0.05, * denotes statistical significance when compared to control group, # denotes statistical
significance when compared to Rotenone-treated group, ** denotes statistical significance when compared
to 100 mg/Kg SM-RT group, using one way ANOVA with Tukey post hoc test

15

| %

Serum 8-0HdG (ng/ml)

Figure 7:-Effect of different doses of SM on serum 8-hydroxy-2’-deoxyguanosine level (8-OHdG)
(ng/ml)in Rt-induced PD: Values are mean = SEM (n = 10). *, # and ** Denote a statistically significant
difference at p < 0.05, * denotes statistical significance when compared to control group, # denotes
statistical significance when compared to Rotenone-treated group, ** denotes statistical significance when
compared to 100 mg/Kg SM-RT group, using one way ANOVA with Tukey post hoc test
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1600

1500

Brain tissue homogenate BDNF(pg/g)

Figure 8:-Effect of different doses of SM on brain tissue homogenate brain derived neurotrophic factor
(BDNF)(pg/g) in Rt-induced PD: Values are mean £ SEM (n = 10). *, # and ** Denote a statistically
significant difference at p < 0.05, * denotes statistical significance when compared to control group, #
denotes statistical significance when compared to Rotenone-treated group, ** denotes statistical
significance when compared to 100 mg/Kg SM-RT group, using one way ANOVA with Tukey post hoc
test
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Brain tissue homogenate dopamine level (ug/g)

Figure 9:-Effect of different doses of SM on brain tissue homogenate dopamine level (pg/g) in Rt-induced
PD: Values are mean = SEM (n = 10). *, # and ** Denote a statistically significant difference at p < 0.05, *
denotes statistical significance when compared to control group, # denotes statistical significance when
compared to Rotenone-treated group, ** denotes statistical significance when compared to 100 mg/Kg SM-
RT group, using one way ANOVA with Tukey post hoc test
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