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Neuroprotective role of chrysin in attenuating loss of 
dopaminergic neurons and improving motor, learning and 
memory functions in rats

Introduction

Parkinson disease (PD) is the second most common 
neurodegenerative disease after Alzheimer disease. It is 
characterized by tremor, rigidity, akinesia, and postural 
instability.[1] The pathological hallmark of PD is the selective 
degeneration of dopaminergic neuron in nigrostriatal region. 
Symptoms do not appear unless 70–80% of dopaminergic 
neurons degenerate in nigrostriatal region that causes a 
challenge for its treatment.[2] Available therapies such as 
levodopa temporarily relieves from the symptoms but unable 
to prevent neurodegeneration, so new strategic approaches are 
under consideration to stop the degeneration of neurons.[3,4]

Bioactive compounds from medicinal plants have gained 
interest due to their little or no toxicity.[5] Chrysin is an active 
bioflavonoid that naturally occurs in fruits, vegetable, and 
medicinal plants.[6] It showed many biological activities 
such as anti-inflammatory,[7] antioxidant,[8] anti-apoptotic,[9] 
antiasthmatic,[10] anti-hyper-cholesterolic,[11] antiatherogenic,[12] 
and antidiabetic.[13] Many in vitro and in vivo studies have also 
reported a neuroprotective effect of chrysin.[14] It improved the 
age-related cognitive decline by enhancing the brain-derived 
neurotrophic factor (BDNF), decreasing oxidative stress, and 
inhibition of Na+, K+ ATPase activity in mice.[15] Chrysin 
showed neuroprotection against 3-nitropropionic acid-induced 
apoptosis of striatal neurons by enhancing the mitochondrial 
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Objective: Selective degeneration of dopaminergic neurons is the pathological 
hallmark of Parkinson disease (PD). Enhanced oxidative stress, lipid peroxidation 
and susceptibility of dopaminergic neurons to apoptotic cellular death are the leading 
pathogenetic mechanisms. Chrysin is an active flavonoid. Its neuroprotective effects 
have been reported. This study examined the neuroprotective effects of chrysin in 
ameliorating the dopaminergic neuronal degeneration and motor behavioral changes 
in rotenone model of PD.

Methods: Thirty Sprague-Dawley rats were assigned into three groups: Control, 
rotenone-treated, and rotenone+chrysin treated groups. Rotenone was given at a dose 
of 3 mg/kg daily intraperitoneally, and chrysin was given at a dose of 50 mg/kg daily 
intraperitoneally for 4 weeks. Using five neurobehavioral assessment tests, evaluation 
was done weekly to record the motor behavioral changes. After 4 weeks, animals were 
sacrificed, brains were removed, and section from striatum and substantia nigra were 
stained using hematoxylin and eosin and cresyl violet stains. Immunohistochemical 
sections were also prepared using anti-tyrosine hydroxylase (TH) antibody.

Results: Rotenone-induced Parkinson like changes were evident from deteriorating 
motor behavior. These animals showed extensive loss of dopaminergic neurons, 
decreased immunoreactivity against anti-TH antibodies and number of TH positive 
dopaminergic neurons in the nigrostriatal region. Chrysin treated animals showed a 
significant reduction in motor behavioral changes, degeneration and loss of nigrostriatal 
dopaminergic neurons and increased immunoreactivity to anti-TH antibody.

Conclusion: This study concludes that chrysin confers neuroprotection in rat model 
of PD. It attenuates the degeneration of the nigrostriatal dopaminergic neurons and 
motor behavioral abnormalities.
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functions and downregulating the Bax gene.[16] Recent studies 
have reported promising effects of chrysin when administered 
with solid lipid nanoparticles, against Alzheimer[17] and against 
inflammatory mediators in brain of hyperammonemic rats 
after oral administration.[18] In an experimental spinal cord 
injury model of Wistar rat, chrysin improved the neuronal 
functions by decreasing the inflammatory factors such as 
tumor necrosis factor-α, interleukin-6, and interleukin-1β. It 
also decreased the inducible nitric oxide synthase level and 
apoptosis in spinal cord.[19] Treatment with chrysin for 7 days 
ameliorated the oxidative stress and neuroinflammation after 
ischemia-reperfusion injury of brain. It also increased the 
number of glial cells and suppressed the proinflammatory 
cytokines activation.[20] In an in vitro model of PD, chrysin 
protected the mesencephalic dopamine neurons from toxic 
insult of 1-methyl-4-phenylpyridinium ion which was evident 
by enhanced tyrosine hydroxylase (TH) immunoreactivity and 
less DNA fragmentation.[21]

Based on the reported neuroprotective effects of chrysin in 
in vitro and in vivo animal models, the present study was 
designed to investigate the protective effect of chrysin against 
neuronal degenerations in nigrostriatal region and associated 
impairments of motor behavior, learning and memory functions 
in Parkinsonian Sprague-Dawley rats.

Materials and Methods

Animals

Thirty Sprague-Dawley rats were randomly selected for 
the present study form animal house of Baqai Medical 
University, Karachi. They were divided into control, 
rotenone, and rotenone+chrysin groups. Control group 
received 1 ml of dimethyl sulfoxide (DMSO) (Merck, 
CAT#802912) intraperitoneally daily. 300 mg of rotenone 
(Sigma, CAT#R8875) was dissolved in 98 ml of miglyol 
812 N (medium chain triglyceride) (Axopharma, Belgium) 
and 2 ml of 100% DMSO to get a final concentration of 
3 mg/mL rotenone in 2% DMSO with 98% miglyol 812 N.[22] 
500 mg of Chrysin (Sigma, CAT#C80105) was dissolved in 
10 ml of DMSO, so that final concentration was 50 mg/ml. 
Rotenone was given 3 mg/kg/body weight intraperitoneally 
daily for 4 weeks.[23] Rotenone+chrysin group received an 
intraperitoneal injection of chrysin at a dose of 50 mg/kg/body 
weight daily[24] simultaneously with rotenone for 4 weeks. 
Mortality and changes in body weight were recorded weekly.

Behavioral tests

All the animals were evaluated for the behavioral changes 
every week in the same context and conditions between 
9:00 am and 3:00 pm. Every animal was exposed and trained 
for 2–3 days before experiment to avoid anxiety and fear.[25] 
After each trial, test apparatus used were cleaned with 70% 
alcohol to remove any smell and residue.[26]

Motor test

Tremors
Tremors were observed on 0–5 scale as described earlier.[27] 
Briefly, they were ranked as zero score for no tremor, 1 for 
irregular twitching of muscle or slight tremor that were hardly 
appreciated, 2 for moderate or intermittent tremors seen at 
head region, 3 for visible tremors that were periodic in nature 
and seen at anterior region of body, 4 for continuous tremors 
that were seen at head and extremities, and 5 for continuous 
whole body tremors.

Akinesia
Akinesia was observed by noting the latency of movement 
of all four limbs by animals. Each animal was placed in an 
elevated wooden box and the time is taken to move all four 
limbs was observed. The cutoff time was 180 s.[27]

Catalepsy bar test
Catalepsy bar test was performed to observe the rotenone-
induced rigidity as described earlier.[28] Briefly, a steel bar was 
placed on both forepaws of animal, and they were half rear 
9 cm above the floor and stopwatch was started, and it was 
stopped when animal removed one of his paws from the bar 
[Figure 1]. The maximum latency time set was 180 s.

Rearing behavior test
Animals were placed in a clear glass cylinder (40 cm high 
and 20 cm diameter) and number of rears in 5 min was 
observed.[23,27] Rear was considered as animals raise their hands 
above the shoulder and make contact with the wall of cylinder 
with their forelimb [Figure 2].

Learning and memory test
Morris water maze was used to assess the learning and memory 
impairment. The maze was a circular pool of 50 cm tall and 
150 cm diameter and filled with water. By two imaginary 
lines, water pool was divided into four quadrants. A platform 
was placed 2 cm below the water level in one of the quadrants 

Figure 1: Rat with bars on forepaws during catalepsy bar test
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and skim milk was added into water to hide the platform. The 
animals memorized the platform through environmental cues. 
During the training session, animals were placed in one of the 
quadrants to find and climb on to the hidden platform within 
2 min, and if they failed to find out within 2 min, they were 
guided toward the platform. During test session, time to reach 
and climb on the hidden platform was noted as escape latency 
time [Figure 3].[29]

Sacrifice of animals
After 4 weeks of experiment, each animal was deeply 
anesthetized with thiopental (50 mg/kg) intraperitoneally.[30] 
After exposing the chest cavity, animals were perfused through 
heart with 100 ml of normal saline, and re-perfused with 200 ml 
of neutral buffered formalin to facilitate infiltration of formalin 
at cellular level in living condition, after perfusion; brain was 
removed and fixed in 10% neutral buffered formalin.[31]

Sectioning and staining for light microscopy
After 3 days, brain was removed from normal buffered 
formalin, and coronal sections were made with the help of 
brain slicer (Zivic instrument, USA). For substantia nigra, 

sections were made from −2.3 to 6.04 mm from bregma, and 
for striatum, sections were made from 0.70 to 1.70 mm from 
bregma according to George Paxinos brain atlas.[32] These 
sections were then dehydrated in alcohol, cleared in xylene 
and embedded in paraffin. Five micron thick sections of 
striatum and substantia nigra were prepared and stained with 
hemotoxylin and eosin (H and E) and cresyl violet.[33]

Immunohistochemistry (IHC) for anti-TH 
antibody

IHC was done as described previously.[22] Sections were 
deparaffinized by two washes in xylene, each for 15 min, 
rehydrated in descending grade of alcohol followed by washing 
with 1× phosphate buffered saline (PBS) for 15 min. For antigen 
retrieval, slides were immersed in ethylenediaminetetraacetic 
acid solution at 90°C for 20 min. Sections were then 
permeabilized with 0.5% Triton X-100 for 10 min and were 
blocked in 5% bovine serum albumin for 2 h. Sections were 
then incubated in mouse monoclonal anti-TH antibody (1:25, 
Millipore # MAB318) for overnight at 4°C plus 2 hour at 
room temperature to obtain optimal antibody penetration. 
For detection of antigen signal, sections were washed thrice 
with PBS and incubated in avidin-biotin complex (Millipore) 
solution. After washing in PBS, the sections were developed 
using diaminobenzidine (DAB) (Millipore, #DAB500) to 
visualize the brown color precipitate at the antigen site.

Image analysis

H and E, cresyl violet, and IHC stained sections were studied 
under Olympus microscope equipped with DP72 camera. 
Images were captured at various magnifications and analyzed 
by Image J Software (NIH). Counting of H and E, cresyl 
violet, and TH positive dopaminergic neurons was done at 
×40 magnified images.

Observations and Results

Mortality rate

There was no mortality in the control group while in 
rotenone-treated group three rats died (one in 3rd and two 
in 4th week) therefore mortality rate in this group was 30%. 
In rotenone+chrysin treated group one rat died in 4th week, 
therefore, the mortality rate was 10%.

Changes in body weight

Control and chrysin+rotenone treated animals showed 
progressive rise while rotenone-treated animals showed a 
progressive loss of body weight over the period [Figure 1]. 
There was no significant difference (P > 0.05) in the means 
of the body weights between the groups in 0 and 1st weeks. 
The mean body weights of chrysin+rotenone treated animals 
were significantly higher in second (P < 0.05), 3rd and 4th week 
(P < 0.001) as compare to rotenone-treated animals and 

Figure 2: Rat being assessed for rearing behavior

Figure 3: Morris water apparatus
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insignificantly (P > 0.05) lower in 2nd, 3rd, and 4th week when 
compared with control animals [Figure 4].

Tremors
No tremor was noted in control animals throughout the 
experiment and in any other groups during 0 and 1st week. In 
2nd, 3rd, and 4th weeks, mean tremor scores of rotenone-treated 
animals were significantly higher (P < 0.001) than control 
animals. Mean tremor scores of chrysin+rotenone treated 
animals were significantly (P < 0.001) lower than rotenone-
treated animals and insignificantly (P > 0.05) higher in 2nd and 
3rd week but significantly (P < 0.05) higher in the 4th week as 
compared to control animals [Table 1].

Akinesia
Statistical analysis did not show any significant 
difference (P > 0.05) in the akinesia scores between groups 
in week 0. In 1st, 2nd, 3rd, and 4th weeks, mean akinesia scores of 
rotenone-treated animals were significantly higher (P < 0.001) 
than control animals, while the mean akinesia scores of 
rotenone+chrysin treated animals were significantly higher 
(P < 0.001) than control animals and significantly (P < 0.001) 
lower as compared to rotenone-treated animals [Table 1].

Catalepsy bar test
Rigidity was measured by catalepsy bar test in animals. No 
significant difference in the descent latency time was noted 
between the groups in week 0. The mean descent latency 
time of rotenone-treated animals was significantly higher in 
1st (P < 0.05), 2nd, 3rd, and 4th weeks (P < 0.001) than control 
animals. Mean descent latency time of chrysin+rotenone 
treated animals was non-significant in 1st week as compared 
to control and rotenone-treated animals, while in 2nd, 3rd, and 
4th week were significantly (P < 0.001) lower than rotenone-
treated animals and significantly (P < 0.001) higher than 
control animals [Table 1].

Postural instability test
Mean postural instability scores were statistically insignificant 
(P > 0.05) between the groups in week 0 and week 1. While 
in 2nd, 3rd, and 4th week, these scores of rotenone-treated group 

were significantly higher (P < 0.001) than control group. Mean 
scores of chrysin+rotenone treated animals were significantly 
lower in 2nd and 3rd week (P < 0.05) and 4th week (P < 0.001) 
than rotenone-treated animals. When compare with control it 
was insignificant in 2nd week (P > 0.05), significantly higher in 
3rd week (P < 0.05) and 4th week (P < 0.001) [Table 1].

Rearing behavior

There was no significant difference in mean rearing scores 
between the groups in week 0. The mean rearing score of 
rotenone-treated animals was significantly lower in 1st week 
(P < 0.05), 2nd, 3rd, and 4th  weeks (P < 0.001) than the control 
animals. The mean rearing score of chrysin+rotenone treated 
animals was insignificant in 1st week (P > 0.05) as compare 
to control and rotenone-treated animals. It was significantly 
higher in 2nd, 3rd, and 4th weeks (P < 0.05) as compare to 
rotenone-treated animals and insignificantly lower in 2nd and 
3rd week (P > 0.05) and significantly lower in 4th week as 
compare to control animals [Table 1].

Morris water test

Statistically, there was no significant difference (P > 0.05) 
in the means of escape latency time between the groups in 
week 0. The means escape latency time of rotenone group was 
non-significantly higher in 1st week (P > 0.05) but significantly 
higher in 2nd, 3rd, and 4th weeks (P < 0.001) than control animals. 
Mean escape latency time of chrysin+rotenone animals was 
statistically insignificant in 1st week (P > 0.05) as compare 
to control and rotenone-treated animals. It was significantly 
lower in 2nd (P < 0.05), 3rd and 4th weeks (P < 0.001) than 
rotenone-treated animals and significantly higher in 2nd and 
3rd week (P < 0.05) and 4th week (P > 0.001) as compare to 
control animals [Table 1].

H and E staining

In control group, sections from substantia nigra and striatum 
showed dopaminergic neurons which were easily identified by 
their multipolar shape, dark stained pigmented cytoplasm, and 
visible nuclei. Sections from rotenone group showed neuronal 
damage with loss of multipolar shape and distorted nuclei of 
the dopaminergic neurons. Sections from, chrysin+rotenone 
treated group showed multipolar neurons with a polygonal 
shape having distinct nuclei both in striatum and substantia 
nigra [Figures 5 and 6].

The mean number of dopaminergic neurons of substantia nigra 
and striatum in chrysin+rotenone was highly significantly 
higher (P > 0.001) than the rotenone group but significantly 
lower (P < 0.001) than control group [Figures 5 and 6, Table 2].

Cresyl violet staining

Cresyl violet staining was also used to examine the morphology 
of dopaminergic neurons at different magnifications in SN and Figure 4: Changes in body weight
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striatum. Normal polygonal shape of dopaminergic neurons 
was seen in the control group. Rotenone group showed loss of 
dopaminergic neurons, neurons with distorted, indistinct nuclei 
and many of them were contracted. Neuronal count was done 
at ×40 magnification. Mean number of dopaminergic neurons 
in SN as well as in striatum of rotenone-treated group was 
significantly (P < 0.001) lower as compared to control group. 
Chrysin+rotenone group showed significant (P > 0.001) higher 

count when compared with rotenone group but significantly 
(P > 0.001) lower than control animals [Figures 7 and 8, 
Table 2].

Anti-TH IHC
The mean neuronal count in substantia nigra of rotenone-
treated animals was highly significantly (P > 0.001) lower 
than the control animals, while chrysin+rotenone treated were 
having significantly higher number of neurons as compare 

Figure 5: Hematoxylin and eosin stained, 5 μm thick sections of 
substantia nigra at ×40 showing dopaminergic neurons in control 
animals (a), rotenone-treated animals (b), and chrysin+rotenone 
treated animals (c). Section b from rotenone-treated Parkinson 
animals is showing few neurons of variable sizes. Section c, from 
animals treated with chrysin+rotenone, is showing a higher number 
of dopaminergic neurons comparatively, with uniform dimension

cba

Figure 6: Hematoxylin and eosin stained, 5 μ thick sections of 
striatum at ×40 in control (a), rotenone (b), and chrysin+rotenone (c) 
treated animals. Sections c is showing a higher number of neurons 
with uniform dimensions as compared the neurons in section b from 
rotenone-treated animals

b ca

Table 1: Week wise comparison of behavior tests
Stain used and groups Weeks

0 1 2 3 4

Tremor

Control 00±00 00±00 00±00 00±00 00±00

Rotenone  00±00a 00±00a 1.2±0.49c 2.14±0.38c 2.81±0.38c

Chrysin+rotenone 00±00a,b 00±00a,b 0.28±0.48a,d 0.42±0.53a,d 0.71±0.75a,d 

Akinesia

Control 5.00±0.82 5.29±2.21 5.29±1.11 5.57±0.79 5.71±1.11

Rotenone 5.14±1.34a 11.86±2.54c 20.28±2.62c 26.70±2.63c 35.14±5.79c

Chrysin+rotenone 5.14±1.47a,b 5.86±1.77c,d 9.42±2.82c,d 12.29±3.10c,d 14.28±2.36c,d

Catalepsy bar test

Control 2.28±0.49 2.42±0.97 2.42±0.53 2.57±0.53 2.71±0.76

Rotenone 2.14±1.07a 5.29±2.13e 12.14±2.34c 20.71±1.80c 29.71±2.29c

Chrysin+rotenone 2.00±1.15a,b 4.14±0.70a,b 6.85±1.57c,d 9.42±1.71c,d 12.00±1.53c,d

Postural instability test

Control 3.71±0.38 3.72±0.37 , 3.74±0.49 3.75±0.74 3.77±0.55

Rotenone 3.57±0.81a 4.64±1.25a 6.20±1.00c 7.87±1.15c 11.52±0.99c

Chrysin+rotenone 3.72±0.32a,b 4.17±0.86a,b 4.64±0.67a,f 5.41±1.34e,f 7.85±1.45c,d

Rearing behavior

Control 11.71±0.76 11.71±1.49 11.57±0.97 11.28±1.11 11.28±1.11

Rotenone 11.42±1.72a 9.28±1.60e 7.71±1.70c 6.86±1.34c 5.29±1.80c

Chrysin+rotenone 11.85±1.46a,b 11.28±1.60a,b 10.71±1.60a,f 9.57±1.62a,f 8.42±2.15e,f 

Morris water test

Control 19.71±1.80 19.71±1.50 19.42±1.90 19.28±2.13 19.28±1.49

Rotenone 19.71±1.80a 22.14±2.20b 28.57±4.27c 35.86±5.64c 43.86±4.88c

Chrysin+rotenone 20.71±1.60a,b 22.00±1.83a,b 25.57±1.62e,f 27.42±1.71d,e 30.00±1.41c,d

aP>0.05 when compared with control, bP>0.05 when compared with rotenone, cP<0.001 when compared with control, dP<0.001 when compared with rotenone, eP<0.05 when compared to control, fP<0.05 
when compared to rotenone
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to rotenone alone treated animals but highly significantly 
(P < 0.001) lower than control animals [Figures 9 and 10, 
Table 2].

Discussion

Many in vitro and in vivo studies have shown the neuroprotective 
behavior of chrysin against different disease models.[20,21,34] The 
present study showed a neuroprotective role of chrysin against 
dopaminergic neuronal degeneration and impairment in motor 
behavior, learning and memory impairment in Parkinson model 
of albino rats.

In our study, rotenone-treated Parkinson animals showed 
degeneration and distortion of dopaminergic neurons with 
a decrease in their number in the nigrostriatal region. This 
result is in complete agreement with previous studies done 
using animal models, where rotenone selectively damaged 
the neurons in dopamine-rich brain regions.[35-38] Loss of 
these neurons results in loss of TH deficiency as shown by 
the IHC sections stained using anti-TH antibody. Diminished 
immunoreactivity in this study reflects a diminished number of 
TH immune-positive dopaminergic neuron in substantia nigra. 
Similar results have also been reported by other studies.[36,39,40]

Microscopic sections from striatum and substantia nigra 
from the animals simultaneously treated with chrysin, in this 
study, have revealed attenuation in the degeneration and loss 
of dopaminergic neuron with a higher count of dopaminergic 
neurons and enhanced immunoreactivity against TH 
antibodies. This study is the first to report the neuroprotective 
efficacy of chrysin against dopaminergic degeneration and TH 
immunoreactivity. These neurons are considered in a state of 
oxidative stress and predicted to undergo autoxidation with 
production of reactive oxygen species that converts dopamine 
into reactive dopamine quinone which is highly toxic to these 
dopaminergic neurons.[41] Antioxidative property of chrysin 

Figure 7: Cresyl violet stained, 5 μ thick sections of substantia 
nigra at ×40 in control (a), rotenone (b), and chrysin+rotenone (c) 
treated animals. Significantly higher numbers of cresyl violet positive 
dopaminergic neurons are present in section c treated with chrysin as 
compared to section b from rotenone only treated animals

cba

Figure 8: Cresyl violet stained, 5 μ thick sections of striatum at ×40 
in control (a), rotenone (b), chrysin+rotenone (c) treated animals. 
Significantly higher numbers of cresyl violet positive dopaminergic 
neurons are present in section c treated with chrysin as compared to 
section b from rotenone alone treated animals

cba

Figure 9: Sections showing anti-tyrosine hydroxylase (TH) 
immunohistochemistry of substantia nigra at ×10 magnification in 
control (a), rotenone (b), and chrysin+rotenone (c) treated animals. 
Brownish stained structures represent the immuno-reactive dopaminergic 
neurons. Section b from a rotenone treated Parkinsonian animal shows 
decreased reactivity/depleted number while sections c from a Chrysin 
treated animal shows enhanced reactivity/ higher number of TH positive 
dopaminergic neurons. Sections c from chrysin treated animals is showing 
enhanced immunoreactivity and a higher number of TH positive neurons 
as compare to rotenone-treated Parkinson animals

cba

Figure 10: Sections are showing anti-tyrosine hydroxylase (TH) 
immunohistochemistry of substantia nigra at ×40 magnification 
in control (a), rotenone (b) and chrysin+rotenone (c), and treated 
animals. Sections c from chrysin treated animals are showing 
enhanced immunoreactivity, and a higher number of TH positive 
neurons as compare to rotenone only treated animals

cba

Table 2: Number of neurons/ high power field
Stain used and groups Substantia nigra Striatum

Hematoxylin and eosin stain

Control 61.42±3.82 61.42±3.22

Rotenone 33.85±8.93a 29.00±2.16a

Chrysin+rotenone 46.57±7.16a,b 45.14±6.39a,b

Cresyl violet stain

Control 61.85±5.95 55.43±6.05

Rotenone 30.00±6.58a 28.00±3.16a

Chrysin+rotenone 48.86±8.11a,b 40.57±4.19a,b

Anti-tyrosine hydroxylase 
immunohistochemistry

Control 57.00±6.48

Rotenone 27.85±3.43a

Chrysin+rotenone 39.71±1.80a,b

a (P<0.001) lower when compared with control, b (P<0.001) higher when compared with rotenone
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appears to play a major role in the neuroprotection seen in 
this study.

Resting tremor, akinesia and postural instability are the cardinal 
sign of PD. Present study showed progressive development 
of these motor symptoms with passage of time in rotenone-
induced Parkinson’s animals.[27,42] Postural instability also 
involves a disintegration of sensorimotor and proprioception 
functions besides motor component.[43] Basal ganglia are 
involved in many functions including voluntary movement 
of the body. Pathophysiological studies have concluded 
that these symptoms of Parkinson could be due the altered 
activity of basal ganglia, decreased dopamine levels, or 
dysfunction of cerebello-thalamo-cortical circuit.[44-46] The 
section from nigrostriatal regions in this study have also shown 
dopaminergic neuronal loss and decreased immunoreactivity. 
Simultaneous treatment with chrysin, significantly prevented 
these symptoms to develop. This improvement could be due to 
the protection of dopaminergic neurons in nigrostriatal system 
with improved function of basal ganglia, related circuits, and 
higher dopamine levels.

Rearing behavior and catalepsy tests are good indicators of 
general locomotors and muscular function associated with 
nigrostriatal neuronal loss in experimental animals.[22,27] 
A positive indication of the chrysin treatment on motor 
behavior in this study is a significant improvement in the 
outcome of these tests. Parkinson animals in this study 
developed rigidity as reflected by an increase in mean latency 
time to correct the externally imposed posture and which 
deteriorated with passage of time as shown by catalepsy bar 
test.[27,28,42] This test determines interference with dopaminergic 
transmission.[47] Rearing behavior test measures the frequency 
of rearing and locomotors activity in movement disorders 
like PD.[22] Simultaneous treatment with chrysin along with 
rotenone showed a reduction in rigidity and movement 
disability with a decrease in mean latency time to correct the 
imposed posture and in attempting rears in this study. This 
could be due to the protection of dopaminergic neurons in 
nigrostriatal system with improved function of basal ganglia 
and higher dopamine levels.

Morris Water maze was used to assess the impairment in 
learning and memory through visual cues in this study.[48] 
Parkinsonian animals showed a significant reduction in learning 
and memory behavior as evident by more time taken to find the 
hidden platform, and it deteriorated with passage of time.[49,50] 
A significant recovery of learning and memory was observed 
in chrysin+rotenone treated animals as evident by less time 
was taken to find out the hidden platform. This is in complete 
agreement with earlier studies which have reported a significant 
improvement in learning and memory behavior in chronically 
hypo-perfused[51] and diabetic rats.[52] This improvement could 
be due to antioxidative property of chrysin which results in 
attenuation of oxidative stress and improvement in BDNF 
levels in brain.[15]

Previous studies have reported controversial findings on 
the mortality rate in the rotenone-treated animals, ranging 
from non to 51%.[53-55] The present study finds a mortality 
rate of 25% among the rotenone-treated animals. This 
higher rate may be because systemic toxicity associated 
with rotenone.[56] Chrysin+rotenone treated animals showed 
a lower mortality as compared to rotenone-treated animals. 
Downregulation of mortality markers was reported by a 
study after lipopolysaccharide injected toxic mice treated 
with chrysin.[57]

Animals simultaneously treated with chrysin along with 
rotenone showed a reduced weight loss as compared to control 
and significant weight gain when compared to rotenone-
treated animals. Some earlier studies have reported that 
chrysin prevented the body weight loss in lung cancer model 
of mice[58] and 2,3,7,8 tertrachlorodibenzo-p-dioxin-induced 
body wasting.[59]

Conclusion

In this study, chrysin has shown neuroprotection in the 
Parkinson model of rat. It ameliorated the degeneration of the 
dopaminergic neurons in nigrostriatal region and impairment 
of motor behavior. It also improved the learning and memory 
function, but still, a full recovery was not possible in this 
study. Further studies to investigate the role of neuroglia and 
apoptotic markers are urged to explore the precise protective 
mechanism conferred by chrysin.

Strength and Limitations
IHC staining of the SN in this study has shown substantial 
evidence that chrysin is an active, cheap and cost-effective 
natural source of neuroprotection in the rat model of 
Parkinsonism. TH-IHC of striatum was not performed due to 
a limited budget.
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