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ABSTRACT
Purpose: The present work evaluated the neuroprotective potential of embelin either 
alone and in combination with Levodopa in rotenone induced PD (Parkinson’s disease) 
model mice. Methods: Swiss albino male adult mice were randomly divided into 7 
groups. Group-1 (Control) received 2mL/kg olive oil by oral route (p.o.), Groups from 
2 to 7 were induced with 2.5mg/kg rotenone by intraperitoneal route (i.p.), levodopa 
was administered to Group-3. Group-4 and Group-5 were given 20mg/kg and 40mg/
kg embelin p.o. Group 6 and 7 were given embelin p.o. at dose of 20 mg and 40 mg/
kg respectively and also 7.5 mg/kg Levodopa p.o. At the end of the experiment (22nd 
day), blood was withdrawn by retro-orbital puncture to estimate various biochemical 
parameters and organs such as liver and brain, were dissected for histopathological and 
histochemical studies. Results: Drug treatment with a combination of embelin (40 mg/
kg) and levodopa (7.5 mg/kg) to PD mice showed better neuroprotective activity than the 
remaining drug treatment groups based on the results from biochemical, histopathology 
and α-synuclein protein immunohistochemistry. Conclusion: The current in-vivo research 
showed that mice treated with embelin at a dose of 40 mg/kg b.w. along with reduced 
levodopa (7.5 mg/kg) standard therapy was effective to ameliorate rotenone induced PD 
complications.
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INTRODUCTION
Parkinson’s Disease (PD) is the second 
most chronic neurodegenerative disease of  
extrapyramidal motor functions affecting 
people worldwide next to Alzheimer’s 
disease. Approximately 1% of  people 
beyond 65 years of  age are affected by 
PD with a prevalence rate more in men 
compared to women.1 Annual incidences 
are 0.2/ 1000 with a prevalence of  
I.5/1000. Prevalence rates are similar 
throughout the world, except lower in 
West Africa and China. PD occurs due to 
progressive and selective damage and loss 
of  dopaminergic neurons in the substantia 
nigra pars compacta (SNc) with depletion 
of  dopamine neurotransmitter in brainstem 
regions and striatal projections. This disrupts 
the cerebral neuronal systems that are 

accountable particularly for motor activity 
and functions.2 PD symptoms include 
resting muscle tremors, slowed movement 
(bradykinesia), rigid muscles, impaired 
gait and balance and speech difficulties. 
Biochemical measurements and brain 
imaging studies suggest that at least 70% 
decrease in striatal dopamine levels before 
the onset of  Parkinsonism and it progresses 
over time.3 Not all affected neurons in PD 
are dopaminergic. Non-motor symptoms 
are also commonly seen in PD.4 In PD, 
there is substantial cell loss in the substantia 
nigra region along with formation of  Lewy 
bodies.5 Neither cell loss nor Lewy bodies is 
specific for PD and therefore both features 
are required for the PD diagnosis. Often PD 
is idiopathic, whereas other causes include 
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severe head trauma, followed by stroke, viral infections, 
environmental toxins like chemicals and drug induced. 
While PD is still non-curable disorder, the standard 
levodopa therapy poses several side effects which 
include both motor and non-motor complications.
Rotenone selectively ablates the dopaminergic neurons 
in the nigrostriatal pathway in mice to develop 
Parkinsonism. The effects are similar to the behavioural 
manifestation and neurochemical mechanisms of  
PD in humans including mitochondrial dysfunction, 
apoptosis and oxidative stress.6 Exposure of  mice to 
rotenone develops PD including selective nigrostriatal 
dopaminergic degeneration and-α-synuclein-positive 
cytoplasmic inclusions. Findings from earlier studies 
have indicated that substantia nigra is one of  the 
most affected brain regions of  rotenone toxicity.7 This 
implicates higher susceptibility of  neurons to free radical 
mediated damage. Histological findings in the midbrain 
revealed impaired motor coordination response and 
altered biochemical functions.8 This indicates that the 
midbrain area responds to oxidative stress caused by 
rotenone. The vulnerability of  the midbrain to rotenone-
induced oxidative stress could also be seen from other 
works.9,10

Embelin, (2,5-dihydroxy-3-undecyl-1,4- benzoquinone) 
is an active constituent of  the fruits of  Embelia ribes 
Burm (Family: Myrsinaceae). Several works on embelin 
suggest many pharmacological actions rendered by this 
compound such as antioxidant,11 antidiabetic,12 anti-
fertility,13 anti-bacterial,14 antitumor, analgesic and anti-
inflammatory.15 It exerts anti-inflammatory functions to 
relieve fever and rheumatism. Moreover, the protective 
effect of  embelin on the CNS was shown in the form of  
anti-convulsant,16 anxiolytic,17 anti-Huntington’s,18 and 
amelioration of  hypoxia-ischemia induced neurological 
injury.19 The quinonoid compounds are ubiquitous in 
nature and implicated in numerous cellular functions 
through mechanisms of  transfer of  electron and 
hydrogen. Mice administered with embelin at 50 and 
100mg/kg oral dose showed no significant body weight 
change, mortality or apparent toxic effects confirming 
the safety of  embelin. The LD50-value of  embelin (i.p. 
route) was reported as 44 mg/kg and it was found that 
oral administration of  embelin to mice and mice with 
doses up to 3 g/kg did not show any toxic effects.20

Embelin crosses the blood-brain barrier to render 
protective effect in Central Nervous System.21 However 
studies are not available on the beneficial effect of  
embelin in rotenone induced PD models. Therefore, in 
the present study the neuroprotective efficacy of  embelin 

was tested alone and in combination with levodopa in 
rotenone induced PD model mice.

MATERIALS AND METHODS
Experimental Animals: Adult male Swiss albino mice 
(25–30 g) of  age between 8 and 12 weeks were procured 
from Biogen animal facility (Bengaluru, India). Animals 
were housed under standard laboratory conditions 
and maintained on a natural light/dark cycle with free 
access to food and water ad libitum. Before initiating the 
experiments, the animals were acclimatized for seven 
days to laboratory conditions. 
Ethical Approval: The animal experimental protocol 
was approved by the Institutional Animal Ethics 
Committee SU/CLAR/RD/001/2017 and all animal 
procedures were performed as per the guidelines of  the 
Committee for the Purpose of  Control and Supervision 
of  Experiments on Animals (CPCSEA), Government 
of  India.

Chemicals 
Rotenone was procured from TCI (Plau, USA) and 
olive oil from Thuruthel Drug Lines, (ERUMBA. 
Pharmacy Payyannur Kerala, India). FRAP (ferric 
reducing antioxidant power) was purchased from SD 
fine chemicals, India, TPTZ (2,4,6-Tri-(2-pyridyl)-5-
triazine) and Adrenaline were procured from Sigma 
Aldrich, India, anti-mouse alpha Synuclein primary 
antibody and biotinylated goat anti-mouse secondary 
antibody from Thermo Fisher Scientific, USA. Embelin 
was isolated as per the procedure in the Central Research 
Laboratory (CRL) facility of  Department of  Research 
and Development, Saveetha Institute of  Medical and 
Technical Sciences, Chennai, India. Levodopa was 
obtained from SR Laboratories (Maharashtra, India) 
dimethyl sulfoxide (DMSO) from Pure Chemicals 
and hydroxypropyl cellulose (HPC) from HIMEDIA, 
(India). All the other chemicals and reagents used were 
of  analytical grade.

Preparation of rotenone and embelin
Fifty mg rotenone was weighed and dissolved in 1 mL 
of  DMSO. From this, an aliquot 0.2 mL was taken and 
diluted with 19.8 mL of  olive oil to prepare a stock 
solution. Coarsely powdered berries of  E. ribes were 
extracted with n-hexane by cold extraction method 
(3x2L). After 72 hr, the solvent was decanted and 
distilled off  over boiling water-bath. The extract so 
obtained was concentrated in vacuo and subjected to 
column chromatography over silica gel (100-200 mesh). 
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Elution of  the column with benzene yielded an orange 
powder which on crystallization with diethyl ether 
produced orange plates of  embelin (Yield: 2 g).22

Experimental Design
The mice were divided randomly into seven groups with 
six animals in each group. The grouping was done one 
day prior to the start of  experiments. The duration of  
the experiment (injection and oral dosing) was 21 days. 
The tail of  each mouse was marked with non-toxic 
permanent marker pen for identification. All the animals 
were weighed individually and the animal body weights 
were recorded. Group-1 (Control) received olive oil (2 
mL/kg) by oral administration (p.o.) each day, Group-2 
(PD) received 2.5 mg/kg rotenone by intraperitoneal 
route (i.p.) each day, Group-3 (PD + levodopa) received 
7.5 mg/kg levodopa along with 2.5 mg/kg b.w (body 
weight) rotenone everyday by i.p. Group-4 (PD + 
embelin-20 mg/kg) and Group-5 (PD + embelin 40 mg/
kg) by p.o. with 2.5 mg/kg rotenone by i.p. Group-6 (PD 
+ embelin-20 mg/kg + levodopa) and Group-7 (PD + 
embelin 40 mg/kg + levodopa) received embelin and 
7.5 mg/kg levodopa p.o. along with 2.5mg/kg rotenone 
i.p. At the end of  the experiment (day 22), the animals 
were anaesthetized using isoflurane for blood collection 
(0.25 mL) by retro-orbital plexus. Serum biochemical 
parameters such as triiodothyronine (T3), thyroid 
stimulating hormone (TSH), total antioxidant capacity 
(TAC) and superoxide dismutase (SOD) were performed. 
Brain and liver tissues were dissected out carefully and 
used for histology and immunohistochemical studies.
Estimation of  serum T3 and TSH levels: Blood 
collected in vacutainer tube (clot activator) was allowed to 
clot at room temperature for 20 min. To prepare serum, 
clotted blood was centrifuged at 3000 rpm for 10 min at 
4°C and separated serum was used for further analysis. 
The amount of  serum used for measuring thyroid 
stimulating hormone (TSH) and Triiodothyronine  
(T3) was 150 μL.23,24 The levels of  T3 and TSH were 
measured by ELISA kit according to the BIOBASE 
manufacturer kits instructions using IMMULITE 2000 
immunoassay system (Siemens Healthcare Diagnostics 
Chennai India).
Super oxide dismutase (SOD) assay: Tubes containing 
0.5 mL of  sample was made up to 2.5 mL using buffer 
solution (0.5 mL of  0.6 mM EDTA solution, 0.5 mL of  
300 mM carbonate buffer) The reaction was started by 
adding of  0.4 mL of  1.8 mM adrenaline and the increase 
in absorbance at 480nm was measured using UV 
spectrophotometer. 50% autoxidation of  adrenaline to 
adrenochrome was performed in a control tube without 

the enzyme. The enzyme activity is expressed as units/
min/mg protein.25

Estimation of  total antioxidant capacity (TAC): 
Serum TAC was measured following the method of  
Benzie and Strain.26 A working solution of  FRAP was 
prepared by adding 10 mM of  2,4,6-Tripyridyl-S-triazine 
(TPTZ) solution in 40 M HCl, 0.02 M FeCl3 and acetate 
buffer pH3.6 was added and mixed. This was followed 
by the addition of  8 μL of  serum and 240 µL of  FRAP 
reagent. The mixture was incubated for 10 min at room 
temperature and the absorbance was measured at 593 
nm. TAC is expressed as mmol/L.
Alpha synuclein immunohistochemistry and 
histopathology: Immunohistochemical analysis was 
done to assess PD marker by performing alpha-synuclein 
staining in brain tissues. Tissues were immersed in the 
fixative solution for 4 hr. The tissues were cryoprotected 
in 30 % sucrose, embedded in tissue-freezing medium 
with liquid nitrogen and cut into frozen sections (3-5 
μm) using a cryostat. Sections were stored in anti-freeze 
buffer. Parallel free-floating sections were subjected 
to endogenous peroxidase quenched with 1% H2O2 
in PBS, followed by treatment with blocking buffer 
(5% normal chicken serum in PBS and 0.3% Triton 
X-100 for overnight at 4°C) and incubated with alpha-
synuclein primary antibody (1:100). After washing 
with PBS, tissues were incubated with a biotinylated 
goat anti-mouse secondary antibody (1:400). The 
tissues were subsequently exposed to an avidin-biotin 
peroxidase complex for 2 hr. The peroxidase activity 
was visualized using a stable diaminobenzidine. A 
small piece of  the brain and liver tissue was fixed with 
10 % neutral buffered formalin, embedded in paraffin 
wax and cut into sections of  5-µm thickness. The 
sections were stained with haematoxylin and eosin for 
histopathological observations.

Statistical Analysis
Results are expressed as mean ± SEM. One Way ANOVA 
followed by Bonferroni multiple comparison post-
hoc test was used for comparison between the groups. 
P<0.05 was considered as statistically significant. Sigma 
plot 13 (Systat, USA) was used for statistical analysis.

RESULTS

Analysis of serum TAC and SOD levels 
The mean and SE of  TAC (mmol/L) in groups 1 to 7 
were 624.7±4.9, 89.6±1.1, 431.1±2.5, 116.7±2.1, 218.9 
±1.0, 328.2±1.1 and 541.3±4.9 respectively. The mean 
and SE of  SOD (µg/dL) in groups 1 to 7 were 92.6±0.5, 
8.5±0.3, 48.5±0.4, 14.8±0.3, 31.8±0.2, 55.7±0.2 and 
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76.0±0.5 respectively (Table 1). There was significant 
(p<0.05) mean difference of  TAC and SOD levels 
between the groups (Figure 1). The combination drug 
treatment showed significant improvement in the TAC 
and SOD levels. Group 2 (PD) mice showed 85.7 and 
90.8 % decrease in TAC and SOD levels respectively in 
comparison with control whereas Group 7 subjected 
to treatment with a combination of  embelin (40mg/
kg) and Levodopa (7.5 mg/kg) along with rotenone (2.5 
mg/kg) showed only 13.4 and 18 % decrease respectively 
of  those enzyme activities in comparison with control. 

Analysis of serum T3 and TSH alterations 
The reference value of  Total T3 and TSH in normal 
mouse ranges from 0.08-0.18 µg/dL and 0.85-6.0 µg/
dL respectively. The mean and SE of  T3 (ng/dL) for 
the 1 to 7 groups were 180.6±1.7, 48.4±1.4, 116.7±2.5, 
65.0±1.6, 90.6±1.3, 130.2±2.4 and 153.6±3.4 respectively 
(Figure 2, Table 2). The mean and SE of  TSH (µg/
dL) for the 1 to 7 groups were 1.59±0.2, 18.96±0.40, 
6.29±0.1, 13.50±0.3, 9.41±0.1, 5.67±0.1 and 3.54±0.2 
respectively ((Figure 2, Table 2). Group 2 (PD) mice 
showed 3.73-fold decrease in T3 as compared to control 
(group 1), whereas group 7 subjected to treatment with 
a combination of  embelin (40 mg/kg) and Levodopa 
along with rotenone showed only 1.2-fold decrease in 
T3 in comparison with control. For TSH levels, PD mice 
(group 2) mice showed 11.9-fold increase as compared 
with control (group 1), whereas group 7 mice subjected 
to treatment with a combination of  embelin (40 mg/kg) 
and levodopa along with rotenone showed only 2.2-fold 
increase in comparison with control. While the levels 

of  T3 and TSH from control group were within the 
reference range, PD group showed significantly (p<0.05) 
altered T3 and TSH levels than the control group. 
However, treatment with various doses of  Embelin 
either alone or in combination with Levodopa to PD 
mice significantly altered those values. The PD induced 
decrease in T3 levels were found reversed in Embelin 
plus Levodopa treatment groups and was statistically 
significant in comparison with PD group or Embelin 

Table 1: Protective effect of Embelin on rotenone 
induced changes in total anti-oxidantCapacity (tac) 
and superoxide dismutase (sod). Values are mean + 

SE (n = 6 each).

Group Total anti-
oxidant capacity 

(mmol/L)

Superoxide 
dismutase
(µmol/mL)

Control 624.7±4.9 92.6±0.5

Rotenone 89.6±1.1*** 8.5±0.3***

Rotenone + Levodopa 431.1±2.47*** 48.5±0.4***

Embelin low dose 116.7±2.1*** 14.8±0.3***

Embelin high dose 218.9±1.0*** 31.8±0.2***

Embelin low dose+ 
Levodopa

328.2 ±1.1*** 55.7±0.24***

Embelin high dose+ 
Levodopa

541.3±4.9*** 76.0±0.5***

Table 2: Protective effect of Embelin on rotenone 
induced changes in tri-iodothyronine 

(T3) and thyroid stimulating hormone (TSH). Values 
are mean + SE (n = 6 each).

Group Triiodothyronine (T3) 
(ng/dL)

Thyroid 
Stimulating 

Hormone (TSH)
(µg/dL)

Control 180.62±1.73 1.59±0.15

Rotenone 48.48±1.44*** 18.96±0.40***

Rotenone + 
Levodopa

116.7±2.52*** 6.29±0.12***

Embelin low dose 65.00±1.52** 13.50 ±0.31***

Embelin high dose 90.66±1.22** 9.41±0.10***

Embelin low dose+ 
Levodopa

130.28 ±2.51*** 5.67±0.09***

Embelin high dose+ 
Levodopa

153.62±3.35*** 3.54±0.16***

Figure 1: Protective effect of embelin on rotenone induced 
changes in TAC and SOD. A Significantly different from 

control group. B Significantly different from rotenone group. 
C Significantly different from rotenone+L-Dopa group. Values 

are mean±SE (n=6 each).
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alone treated groups. On the other hand, the PD induced 
elevation of  TSH content were found to be significantly 
decreased in Embelin plus Levodopa treatment groups 
as compared with PD group or Embelin alone treated 
groups. While several works depict normal values of  
TSH in PD patients, the present result obtained from 
mice is a bit contrasting. Since we lack studies on TSH 
assessment from PD mouse models, further detailed 
exploration is required.

Immunostaining of alpha-synuclein in substantia 
niagra region
The immunoreactivity for alpha-synuclein was 
predominantly present in damaged brain cells and 
exhibited a positive reaction. In PD mice brains, the 
intensity of  alpha synuclein (Figure 3A, Slide B) was 
significantly higher as compared to control group 
brains (Figure 3A, Slide A). In Embelin treated groups, 
the alpha-synuclein expression levels were markedly 
decreased. While the expression of  this protein was 
found to be decreased in the brain samples of  Levodopa 
treatment group (Figure 3A, Slide C), Embelin (20mg/
kg) group (Figure 3A, Slide D) and Embelin (40mg/
kg) group (Figure 3A, Slide E), very low (mild positive) 
expression was seen in combination treatment groups 
Embelin (20mg/kg) + Levodopa (Figure 3A, Slide F) 
Embelin (40mg/kg) + Levodopa (Figure 3A, Slide G). 
Alpha synuclein expression in all the groups has been 
analysed. Results were expressed as mean ± SEM (n 

= 4) and shown statistically significant compared with 
rotenone group. (Figure 3B)

Brain and liver histopathology alterations
The histological changes observed in the brain and 
liver tissues of  various groups are depicted in Figure 4 
and 5 respectively. Control brain tissue (Figure 4, Slide 
A) revealed the presence of  normal neuronal cells 
with prominent nucleus (small arrow), cytoplasm and 
normal striatum architectural formation. Based on the 
observations made from the brain tissue of  rotenone 
group (Figure 4, Slide B), there was more evidence of  
pyknotic nuclei (arrow mark), Lewy bodies (LB), necrosis 
and neuronal degeneration with decreased number of  
neurons and cytoplasmic shrinkage. Levodopa group 

Figure 2: Protective effect of embelin on rotenone induced 
changes in T3 and TSH aSignificantly different from control 

group. bSignificantly different from rotenone group. 
cSignificantly different from rotenone+L-Dopa group. Values 

are mean±SE (n=6 each).

Figure 3A: Immunostaining of Alpha-synuclein in mid-brain 
region of mice. Magnification (40x). Slide A - Control, Slide B - 
PD, Slide C- PD + L-DOPA (7.5 mg/kg), Slide D - PD + embelin 

(20 mg/kg), Slide E- PD + embelin (40 mg/kg), Slide F- PD 
+ Embelin (20 mg/kg) + L-DOPA (7.5 mg/kg), Slide G - PD + 

Embelin (40 mg/kg) + L-DOPA (7.5 mg/kg).

Figure 3B: Representative bar graph showing the 
quantification of Alpha Synuclein Expression in various 
groups: Results were expressed as mean ± SEM (n =3). 

***p<0.001 statistically significant as compared with Control, 
whereas the other treated groups showed *p<0.05; **p<0.01; 

***p<0.001 statistically significant as compared with rotenone 
induced group.
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(Figure 4, Slide C) showed less evidence of  pyknotic 
nuclei (arrow mark). Rotenone + embelin (20mg/
kg) group (Figure 4, Slide D) indicated less evidence 
of  pyknotic nuclei (arrow mark), LB and neuronal 
degeneration. In rotenone+ embelin (40 mg/kg) group 
(Figure 4, Slide E) the pyknotic nuclei and LB was less 
noticed with moderate evidence of  normal neurons and 
less inflammation (20 mg/kg) + embelin (20 mg/kg) + 
Levodopa group (Figure 4, Slide F) very less brain tissue 
inflammation was seen with distinct boundaries and a 
greater number of  prominent nuclei neurons indicating 
less brain tissue damage. Rotenone + embelin (40 mg/kg) 
+ Levodopa group (Figure 4, Slide G) showed optimal 
sized cells with well-defined nucleus (black arrow) and 
less neuronal infiltration (red arrow) indicating less brain 
tissue. Light microscopic examination of  haematoxylin 
and eosin-stained liver sections of  group 1 (Figure 5, 
Slide A) indicated the presence of  normal hepatic cells 
with well-preserved cytoplasm, prominent nucleus and 
normal architectural formation. It was observed that 
in group 2 mice induced only with rotenone (Figure 
5, Slide B), there was single cell necrosis (triangle 
head) and occasional focal widening of  the perivenous 
centrilobular spaces (broad arrow) suggestive of  loss of  
centrilobular hepatocytes. In group 3 mice subjected to 
Levodopa treatment (Figure 5, Slide C), slight diffuse 
cytoplasmic hepatocellular vacuolation (small arrow) 
was seen. Liver tissues of  group 4 mice subjected to 
embelin (20 mg/kg) treatment (Figure 5, Slide D), shown 
less diffuse of  cytoplasmic hepatocellular vacuolation 
(small arrow) and infrequent focal widespread of  the 
perivenous centrilobular spaces. Group 5 mice which 
received embelin (40 mg/kg) (Figure 5, Slide E) shown 
severe thinning of  hepatic cords due to hepato cellular 
atrophy and slightly damaged hepatic nucleoli. Mild 

inflammation was noted at the central vein (long arrow). 
Group 6 mice which received (20 mg/kg) embelin and 
Levodopa therapy (Figure 5, Slide F), less hepatocytes 
degeneration was seen with presence of  blood sinusoids. 
Group 7 mice which received (40 mg/kg) embelin and 
Levodopa (Figure 5, Slide G) showed regeneration of  
hepatocyte was seen with very much reduced hepatic 
atrophy (small arrow).

DISCUSSION
The drugs which are currently used to treat PD patients 
pose several adverse effects and consequences following 
long term treatment. Chronic use of  Levodopa is 
associated with dyskinesia in more than 50% of  
patients. Treatment with Levodopa affects tryptophan 
metabolism through the kynurenine pathway.27 
Therefore new interventional approaches are required 
to overcome several adverse complications of  PD in 
the present scenario. As plant extract-based compounds 
are generally safer than synthetic compounds apart 
from their therapeutic value, they could be promising 
for the treatment of  neurological disorders including 
PD.28,29 In the present study, embelin was tested alone 
and in combination with Levodopa to explore its  
neuroprotective functions in rotenone-induced PD 
mice. Rotenone is a precise inhibitor of  mitochondrial 
complex I to provoke oxidative stress-mediated 
neuropathology30-32 and hence considered as a model 
of  PD.33 Rotenone induces the degeneration of  the 
nigrostriatal dopaminergic pathway which is one of  
the main pathological hallmarks of  PD.32 Prolonged 
Levodopa therapy for PD causes problems which 
include depression, sleep disturbance and dyskinesia.31 

Combination of  levodopa with other drugs to increase 

Figure 4: Histology of H&E stained brain tissues. Slide A - 
Control, Slide B - PD, Slide C- PD + L-DOPA (7.5 mg/kg), Slide 
D - PD + embelin (20 mg/kg), Slide E- PD + embelin (40 mg/kg), 
Slide F- PD + Embelin (20 mg/kg) + L-DOPA (7.5 mg/kg), Slide 

G - PD + Embelin (40 mg/kg) + L-DOPA (7.5 mg/kg).

Figure 5: Histology of H&Estained liver tissues. Slide A - 
Control, Slide B - PD, Slide C- PD + L-DOPA (7.5 mg/kg), Slide 
D - PD + embelin (20 mg/kg), Slide E- PD + embelin (40 mg/kg), 
Slide F- PD + Embelin (20 mg/kg) + L-DOPA (7.5 mg/kg), Slide 

G - PD + Embelin (40 mg/kg) + L-DOPA (7.5 mg/kg).
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the bio-availability is an alternative.29 Earlier research 
found that Levodopa may be neurotoxic which endorse 
the degeneration of  nigrostriatal projections.34 In 
addition, prolonged Levodopa treatment correlates 
with intracellular accumulation of  oxidative stress.35 To 
overcome these problems, the field of  herbal medicine 
has focused on natural products to minimize the side 
effects.
The present work explored the neuroprotective efficacy 
of  orally administered embelin drug tested alone and 
in combination with Levodopa in PD model mice. 
The findings suggest that embelin when administered 
either alone and in combination with Levodopa therapy 
significantly reduced the α-synuclein pathology as 
well as protected midbrain cells through antioxidant 
mechanisms. However, better effect was seen with 
embelin and Levodopa (7.5 mg/kg) combination 
treatment rather than embelin alone treatments. The 
antioxidant role of  embelin in PD was also evaluated 
through estimation of  SOD and TAC levels. Moreover, 
the present work revealed how embelin treatment altered 
serum T3 and TSH levels to reduce thyroid complications 
in PD. Recent in vitro studies have shown that embelin 
reversed MPTP toxicity by promoting mitochondrial 
biogenesis through elevation of  pAMPK, SIRT1 and 
PGC1α markers.36 In addition to this, increased NAD/
NADH levels were also attributed to protective effect 
of  embelin involving mitochondrial uncoupling effects. 
Therefore, the present study adds impetus to earlier in 
vitro work thereby suggesting the therapeutic efficacy of  
embelin in animal model of  PD. Using MPTP mouse 
model of  PD it was shown that embelin (10 mg/kg) 
could mitigate MPTP-induced loss of  TH staining and 
altered striatal dopamine levels apart from influencing 
the markers of  mitochondrial biogenesis pathway.36 The 
same group proved the protective role of  embelin against 
MPTP by in vitro studies involving N27 dopaminergic 
cells.
It has been established that the dopaminergic neurons 
in PD exist in a state of  constant oxidative stress.37 
Decreased TAC and SOD levels in PD implicate elevated 
levels of  reactive oxygen species. This is in agreement 
with other studies which suggest that oxidative damage is 
involved in the neuronal abnormalities in PD.38 However, 
treatment with embelin or levodopa or a combination 
of  embelin and levodopa increased the levels of  TAC 
and SOD. Complex-I of  the mitochondrial respiratory 
chain is a major source of  superoxide free radicals. 
The enzyme activity of  SOD is altered due to oxidative 
stress in rotenone treated animals.39 Decreased SOD 

activity would be detrimental in cases when superoxide 
radical production is increased. The decrease in SOD 
activity following rotenone treatment might be due to 
inactivation of  SOD by ROS.40 Such low levels have 
also been detected in SNpc neurons of  PD patients as 
compared to healthy idividuals.41 In the present study 
SOD and TAC levels were lower in rotenone treated 
animals. Studies have shown that decreased levels of  
TAC and SOD might cause oxidative damage to DNA, 
protein and lipids in neurodegenerative disease.42,43 

Decreased levels of  SOD and TAC might play an 
important role in induction of  oxidative stress in brain.44

Oxidative stress, as well as stress triggered by hydroxyl 
radicals, is one of  the key features of  PD pathogenesis. 
The reduced levels of  TAC in PD group were 
significantly reversed in embelin treated groups as well 
as embelin + levodopa combination groups (p < 0.001). 
However, the effect was more pronounced in embelin + 
levodopa combination treatment groups, the maximum 
effect seen at Embelin 40mg/kg dose. Previous work 
showed that how embelin enhanced antioxidant and 
suppressed lipid peroxidation in carbon tetrachloride-
induced free radical production and liver toxicity.45 
It scavenged DPPH radicals to prevent deoxyribose 
degradation induced by hydroxyl radicals. Also, embelin 
has considerably shown inhibition of  lipid peroxidation 
and up-regulation of  Mn-superoxide dismutase levels.46

In earlier work Umehara et al.47 reported significantly 
lower levels of  T3 in PD patients with notable motor 
symptoms which could be associated with the present 
findings. However, there is a limited information 
available from patients with aggravated parkinsonism 
due to hypothyroidism.48,49 It is accepted worldwide that 
thyroid role has great influence on cognition. Functions 
of  the hypothalamic–pituitary–thyroid (HPT) axis have 
been revealed to undergo many changes as age increases.50 

Due to the connecting link between dopaminergic system 
and hypothalamic–pituitary–thyroid axis, impaired TSH 
and thyroid hormone (TH) levels are associated with 
PD severity and complications and the drug of  choice 
for PD such as levodopa also impact the hypothalamic–
pituitary–thyroid axis.51 Even though there are still 
many debates regarding the connection between thyroid 
function and neurodegenerative disease, it seems that 
the free T3 levels were found to be lower in PD patients 
particularly with akinetic-rigid motor subtype, whereas 
TSH levels were lesser in patients with tremor-dominant 
type or mixed type, signifying a relation of  the thyroid 
hormone level with PD motor signs.47 Unfortunately we 
lack convincing studies from PD mice on TSH levels. 
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But, in support of  our findings, it is evident from a 
recent human study that the TSH index in the early PD 
group is significantly higher than that seen in advanced 
group.52 As tremors are rarely noticeable in rotenone 
induced PD models,53 the fact that increased TSH levels 
seen in the present results may be justified owing to the 
fact the hyperthyroid dysfunctions are manifested with 
tremor dominant type.54 Another study reported that 
hypothyroidism was not more prevalent in PD subjects 
but owing to the fact that there was considerable overlap 
of  symptoms and signs they suggested assessment of  
thyroid function in patients could be convincing to see 
the worsening of  PD symptoms.55 It is also notifying 
feature that enhanced tremor occurs in hyperthyroid 
state of  PD.56 Unfortunately, we lack studies on how 
Levodopa/embelin treatment could restore thyroid 
parameters in PD condition and hence further studies 
are required to explore the detailed mechanistic insights. 
Therefore, a more detailed study of  TSH assessment in 
animal models of  PD is also required to further validate 
these findings. Although our previous works explored 
various biochemical and molecular parameters to assess 
PD pathology in rodents using both i.p and oral modes 
of  rotenone induction,57-59 testing the therapeutic 
value of  herbal drugs in animal models has witnessed 
considerable growth in many recent research works.60-62

CONCLUSION

The present study finding depicts that administration 
of  rotenone in Swiss Albino mice decreased TAC 
and SOD implicating impaired anti-oxidant status, 
accompanied by brain and liver histological changes in 
PD condition. Treatment with embelin alone (40 mg/
kg) and a combination of  Embelin 40mg/kg dose with 
Levodopa 7.5 mg/kg ameliorated  peripheral oxidative 
stress, thyroid hormone changes, brain alpha synuclein 
expression as well as brain and liver tissue damage in PD 
mice implicating the therapeutic efficacy of  embelin as 
well as embelin plus levodopa therapy.
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SUMMARY

The present study evaluated the neuroprotective role 
of natural product embelin treated as alone and in 
combination with Levodopa in rotenone induced PD 
mice. PD was induced by administering 2.5 mg/kg of 
rotenone by intraperitoneal route of administration. 
Two doses of embelin 20 mg/kg and 40 mg/kg were 
tested in mice separately and the same administered 
in combination with Levodopa. Study was conducted 
for 21 days. The results of present study depicted 
that administration of rotenone to mice caused PD 
and decreased TAC and SOD levels, with increased 
TSH and low T3 implicating impaired anti-oxidant 
status, thyroid related changes accompanied by brain 
and liver damage. On contrast, drug treatment with 
a combination of embelin (40 mg/kg) and levodopa 
(7.5 mg/kg) to PD mice showed better neuroprotective 
activity than the remaining drug treatment groups. The 
current in vivo research showed that embelin at 40 mg/
kg along with half dose (7.5 mg/kg) of the standard (15 
mg/kg levodopa) therapy was effective to ameliorate 
many PD associated problems in mice. 
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