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Abstract
The current study evidenced that model of rotenone induced Parkinsonism in rats produced degeneration of nigrostriatal dopa-

mine neurons with increase in tumor necrosis factor α, decrease in reduced glutathione and dopamine levels. This was confirmed
by behavioral tests (catalepsy score, pole test, T-maze test) measured at 7th, 14th, 21st and 28th days and neurochemical parameters.

Moreover, histopathological examination of basal ganglia as structural damage with lewy bodies and immunohistochemistry indi-

cated presence of caspase-3 that are typical features of undergoing apoptosis. Administration of L-dopa as replacement therapy

caused improvement in behavioral tests and neurochemical parameters. Other drugs used as Colchicine and valproic acid to improve
anti-parkinsonian and neuroprotective effects. In this study Colchicine exhibited excellent neuroprotective effect by anti-oxidant,

anti-inflammatory and anti-apoptotic properties on valproic acid by improvement of behavioral tests and neurochemical parameters
with preservation of dopaminergic basal ganglion cells integrity and absence of caspase-3 expression in immunohistochemistry. In
conclusion Colchicine could be recommended in Parkinsonism therapy early in course of the disease.
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Introduction

Parkinson’s disease (PD) is one of the most common late onset progressive neurodegenerative disorders caused by the loss of dopa-

minergic neurons in the substantia nigra pars compacta (SNpc), resulting in an imbalance between the levels of dopamine and acetylcholine that control muscle tone and its coordination [1]. PD affects about 1 - 3% of elderly population and appears at age of 55. Incidence
increases with age from 20/100,000 to 120/100,000 at age of 70 [2]. It is characterized by resting Tremor, Rigidity, bradykinesia, Postural

instability, dementia, sialorrhoea, hypophonia and difficulty in swallowing [3]. The etiology of neuronal death in PD due to different

mechanisms as excitotoxicity, inflammation, calcium homeostasis, apoptosis, protein aggregation, distressed energy metabolism, microg-

lia activation and interaction between genetic and environmental factors as exposure to pesticides, metals and solvents. All these factors
interact with each other causing neuronal dysfunction and finally cell death [4]. In this study, rotenone induced parkinsonism by apoptosis, Physiological programmed cell death (PCD) is happen during normal development as a homeostatic mechanism, dysregulation of
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this pathway in brain leads to neurodegeneration and apoptosis in PD [5]. Mechanisms of apoptosis are complex and energy dependent

cascade of molecular events. There are two main apoptotic pathways: death receptor pathway and mitochondrial pathway [6]. The two
pathways are linked and molecules in one pathway can influence the other. An additional pathway called perforin/granzyme pathway can

induce apoptosis via granzyme B or granzyme A. The extrinsic, intrinsic and granzyme B pathways give the same terminal. This pathway
is initiated by the cleavage of caspase-3 and results in DNA fragmentation with degradation of cytoskeleton and nuclear proteins then

cell death [7]. L-dopa is a metabolic precursor of dopamine. It restores dopaminergic neurotransmission in corpus striatum by enhancing
synthesis of dopamine in neurons [8]. This current study is made not only to improve effects of L-dopa in PD, but also to investigate new

drugs which have neuroprotective effects. These drugs have anti-oxidant, anti-inflammatory and anti-apoptotic activities thus may help

in protecting neurons from death. Colchicine is a plant alkaloid, used in treatment of acute gouty attacks as Colchicine inhibits synthesis

and release of leukotrienes. Also, inhibits neutrophil activity and migration to affected area [9]. Beside this role, Colchicine was reported
to exhibit anti-oxidant and anti-inflammatory activities [10]. Also, many studies illuminated that Colchicine protects against PCD [11].
Valproic acid (VPA) is a short-chain fatty acid (2-propylvaleric acid). It is used as an anti-epileptic drug. It increases concentrations of

inhibitory neurotransmitter gamma-aminobutyric acid (GABA). VPA increases activity of glutamic acid decarboxylase (GAD), an enzyme

responsible for synthesis of GABA and inhibits activity of the enzyme responsible for its degradation, GABA transaminase (GABA-T) [12].
In addition, many studies illustrated that VPA has anti-oxidant, anti-inflammatory and anti-apoptotic effects against various types of
cells [13]. The present study would attempt to compare between Colchicine and valproic acid as neuroprotective drugs against rotenone
induced parkinsonism.

Material and Methods
Chemicals and drugs
L-dopa (Sinemet Tablets, 275 mg, 250 L-dopa plus 25 carbidopa, ADWIC Company, Egypt). L-dopa (pubchem CID: 6047). Colchicine

(Colchicine Tablets, 500 μg, Nasr Company, Egypt). Colchicine (pubchem CID: 6167). Valproic acid (Tablets, 500 mg, Sanofi-Synthelabo

Company, Egypt). Valproic acid (pubchem CID: 3121). Rotenone powder (sigma, Saint Louis, MO, USA). Rotenone (pubchem CID: 6758).
And other chemicals are of analytical gradient (Al-Gomhoria pharmaceutical company, Egypt). As Carboxy methyl cellulose powder (pubchem CID: 24748).
Animal groups

This experiment was carried out using 48 male wistar rats (8 - 9 weeks old) each weighing (120 - 150) gm. They were kept under

similar housing conditions and had free access to food and water through the whole period of the work. The experiment was carried out

according to the national institutes of health guide for care and use of laboratory animals (NIH publication NO.8023, revised 1978) to
minimize animal suffering. The animals were divided in to 6 groups each group consist of 8 rats where Group 1 served as normal control

group, rats were received distilled water by oral gavage. In Group II rats were received daily dose of 0.5% carboxy methyl cellulose (CMC)
by S.C. injection as a vehicle for 28 days. In Group III parkinsonism was induced by rotenone (suspended in 0.5% CMC to a concentration

of 2.7 mg/ml), in a dose of 2 mg/kg s.c. daily for 28 days [14]. In Group IV rats were received rotenone and L-dopa in a dose of 10 mg/kg

i.p. daily for 28 days [15] (suspended in 0.5% CMC to a concentration of 13.5 mg/ml) 1 hour before administration of rotenone. In Group V
rats were received rotenone and Colchicine in a dose of 20 microgram/kg daily by oral gavage for 28 days [16] (suspended in 0.5% CMC to

a concentration of 5.4 μg/ml) 1 hour before rotenone injection. In Group VI rats were received rotenone and valproic acid in a dose of 1.4
gram/kg daily by oral gavage for 28 days [17] (suspended in 0.5% CMC to a concentration of 0.37 g/ml) 1 hour before rotenone injection.
Catalepsy test was performed according to Rodríguez-Calvo R., et al [18]. To detect rigidity, bradykinesia and akinesia as motor mani-

festations of parkinsonism at 7th, 14th, 21st and 28th days from induction with rotenone. The first part was grid test where each rat was hung
by all four paws on a vertical grid (25.5 cm width and 44 cm high with a space of 1 cm between each wire) and a stopwatch was started as
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soon as the rat held onto the grid. Just as they moved their paws or showed first movement the stopwatch was stopped and the time noted

as descent latency. The second part of the test was the bar test. The rats were placed with both front paws on a bar which was 9 cm above
and parallel from the base. The rats were placed with both front paws on the bar in a half rearing position. Here they were timed with
the stopwatch. When the animals removed one paw from the bar, the stopwatch was stopped and the time noted. The maximum descent
latency for grid and bar was fixed at 180s.

The pole test was performed according to Rodríguez-Calvo R., et al [19]. Rat was placed head-upward on the top of a vertical rough-

surfaced pole (diameter 8 mm and height 55 cm) and time until it descended to the floor (locomotor activity time: TLA) was recorded
with a maximum duration of 120s. Even if rat descended part way and fall the rest of the way, behavior of rat was scored until it reached

to the floor. When rat was not able to turn downward and instead dropped from the pole, TLA was taken as 120s (default value) because
of the maximal severity. The test was performed at 7th, 14th, 21st and 28th days of the experiment for evaluation of the disease progress.

T-maze spontaneous alternation test is a behavioral test for measuring working memory in animals. The natural tendency of rats in a

T-maze is to alternate their choice of goal arm. The animal must remember which arm it had entered on a previous occasion to enable it to
alternate its choice on a following [20]. The apparatus of T-maze is a wooden enclosed apparatus in the form of T placed horizontally with

the start alley measuring 30 cm length and 10 cm width, the goal arm also measuring 30 cm length and 10 cm width and wall height is 20
cm [21]. T-maze spontaneous alternation test was performed according to Deacon R and Rawlins J [22]. Rat was placed for 10 minutes in

the examination room then was put in the start zone and allowed to choose the goal arm. The rat was confined in the chosen arm for 30
seconds then removed and placed in the home cage for 60 seconds. Afterward, it was taken again to the start arm to begin the 2nd trial.

This trial was repeated for 5 consecutive times with 1 minute in between and 30 seconds of habituation in the chosen arm. Alternation
was recorded when the rats accessed one arm in the first trial and chose the other arm in the second trial. The percentage of alternation
for each animal was calculated. The test was performed at 7th, 14th, 21st and 28th days of the experiment.

At the end of the work after (28 days), all rats were sacrificed. The brain of each rat was immediately excised, washed with ice-cold sa-

line and the basal ganglia of the two hemispheres were dissected. According to Kebabian JW., et al. [23] the brain was rapidly excised in a
cold room (40) and placed in cold Krebs-Ringer bicarbonate buffer that contained (in mmol/liter): NaCl, 122; KC1, 3; MgSO4,1.2; CaCl2, 1.3;
KH2PO4, 0.4; NaHCO3, 25 and D-glucose, 10 and had a pH of 7.4. The brainstem and cerebellum were removed, the brain was hemisected

along the midline. The lateral ventricle of one cerebral hemisphere was opened with a medial incision superior to the corpus callosum.
The caudate nucleus was separated from the internal capsule and was removed. This procedure was repeated on the contra lateral hemisphere. The right basal ganglia were pooled and were homogenized in phosphate buffer saline (PBS) (10%w/v, PH7.4) and centrifuged at

4000 rpm for 20 minutes. The supernatants were collected and frozen at -80oC for further assay of neurochemical parameters as Dopa-

mine level, Tumor necrosis factor alpha (TNFα) and reduced glutathione (GSH) levels. The left basal ganglia were immediately immersed
in 10% formalin and used for light microscopic histopathological examination and Immunohistochemical evaluation of caspase-3.
Determination of dopamine level in basal ganglia

Dopamine level was measured in basal ganglia tissue homogenate by kits obtained from Glory Science Company, Del Rio, USA, accord-

ing to the method of Vöhringer P [24]. The kit uses a double-antibody sandwich enzyme-linked immunosorbent assay (ELISA) to assay the
level of rat dopamine in samples. This assay measures the amount of antigen between two layers of antibodies (i.e. capture and detection
antibody). The antigen in fluid phase is immobilized, usually in 96-well plates. Then the antigen is allowed to bind to a specific antibody,
which is itself subsequently detected by a secondary enzyme-coupled antibody. A chromogenic substrate for the enzyme yields a visible
color change. According to standards’ concentration and the corresponding optical density (OD) values.
Determination of nigrostriatal tumor necrosis factor α (TNF-α) level

TNF-α was measured by kits obtained from Sun red Biotechnology Company, Shanghai, China, according to the method of Deacon R

and Rawlins J [22]. The kit uses a double-antibody sandwich ELISA to assay the level of rat TNF-α in samples. This assay measures the

amount of antigen between two layers of antibodies (i.e. capture and detection antibody). The antigen in fluid phase is immobilized,
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usually in 96-well plates. Then the antigen is allowed to bind to a specific antibody, which is itself subsequently detected by a secondary
enzyme-coupled antibody. The chroma of colour and the concentration of antigen in the sample are positively correlated. According to

standards’ concentration and the corresponding optical density (OD) values, calculate out the standard curve linear regression equation,

and then apply the OD values of the sample on the regression equation to calculate the corresponding sample’s concentration. Assay
range: from 0.002 ng/ml to 5 ng/ml.

Determination of nigrostriatal reduced glutathione (GSH) level
GSH level was measured by kits obtained from Biodiagnostic Company, Egypt, according to the method of Kebabian JW., et al [23]. The

method based on the reduction of 5, 5’ dithiobis (2 - nitro benzoic acid) with GSH to produce a yellow compound. The reduced chromogenic directly proportional to GSH concentration and its absorbance can be measured at 405 nm.
Light microscopic (LM) and histopathological examination of basal ganglia tissue

Basal ganglia tissues were obtained from all groups of rats and were fixed in 10% formalin, the fixed tissues were processed, embedded

in paraffin wax and cut into 5 µm sections. The sections were stained with haemotoxylin and eosin, observed under light microscope. The
tissue sections were examined for histopathological changes and it was compared with control tissues to evaluate the severity of edema

and vacuolization. Percentage of vacuolated cells per section was scored according to the method described by Pritzker K., et al. [25] under
1% of the total cell number are vacuolated scored as 0, 1% to 15% of the total cell number are vacuolated scored as 1, 15% to 35% of the

total cell number are vacuolated scored as 2, 35% to 50% of the total cell number are vacuolated scored as 3, over 50% of the total cell
number are vacuolated scored as 4. The severity of edema per section was scored according to the method described by Jarchum I., et al.
[26] no edema scored as 0, mild edema scored as 1, moderate edema scored as 2, severe edema scored as 3.
Immuno histochemical detection of caspase-3 in basal ganglia

Immunohistochemical study was done to assess the reactivity of the nigrostriatal tissue to the antibody of caspase-3. The caspase pro-

tein is a member of the cysteine-aspartic acid protease (caspase) family. Caspase normally exist in the cytoplasm as inactive proenzyme

that can be activated once apoptosis starts and it causes proteolysis of various cellular components and so contribute to the pathogenesis
of cell death. Caspase-3 immunoreactivity appears as brownish cytoplasmic discoloration using the avidin biotin-peroxidase complex

technique. Basal ganglia tissues were Deparaffinated and rehydrated. Sections (5 um) were cut from Bouin’s-fixed paraffin embedded

blocks on positive charged slides. They were dewaxed in fresh xylene bath. For antigen retrieval, Slides were put in a slide rack and placed

in a coplan jar containing 0.01 M citrate buffer (pH 6). Primary rabbit polyclonal caspae-3 antibody (CPP32 Ab-4, RB-1197-PCS, Lab Vision

Corporation, United Kingdom), were placed on each slide. Counter-stain with hematoxylin then the slides was washed in distilled water.
Sections were dehydrated in alcohol, put in xylene then mounted in Distyrene-plasticizer-xylene. Positive cells are stained brownish while

negative remain blue. that was performed according to Buchwalow IB and Böcker W [27] for Semi quantitative analysis of immunohistochemistry. Evaluation of the percent of antigen-positive cells was conducted using a light microscope. Percentage of apoptotic cells per

section was scored according to the method described by Bodey B., et al. [28] as follows; under (1%) of the total cell number are positive
scored as 0, (2% to 10%) of the total cell number are positive scored as 1, (11% to 50%) of the total cell number are positive was scored
as 2, (51% to 90%) of the total cell number are positive was scored as 3, over (90%) of the total cell number are positive was scored as 4.
Statistics

Groups were compared by one-way analysis of variance (ANOVA) followed by scheffe’s test. p value for statistical significance was set as

(P ˂ 0.05). Data are presented as mean ± SD. All statistical analyses were processed using statistical package for the social sciences (SPSS)
for windows, version 20. The histopathological and apoptotic scores in different studied groups are expressed in results by Kruskal–Wallis
test followed by Mann-Whitney U statistics.
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Results
Neuro chemical parameters and behavioral tests

In group III, rotenone-induced parkinsonism exhibited significant increase in catalepsy score (Table 1) of either grid test or bar test at

7 day, 14th day and 21st day in comparison to the control group (group I) and vehicle group (group II). The prognosis of catalepsy score at
th

28th day either grid test and bar test showed significant increase when compared to that at 7th day, 14th day and 21st day. Also there was sig-

nificant increase in pole test (Table 2) at 7th day, 14th day and 21st day in comparison to group I and group II. The prognosis of the pole test

at 28th day showed significant increase when compared to that at 7th day, 14th day and 21st day. There was significant decrease in T-maze
spontaneous alternation test (Table 3) at 7th day, 14th day and 21st day in comparison to control group (group I) and group II. Prognosis of

T-maze test at 28th day showed significant decrease when compared to that at 7th day, 14th day and 21st day. In comparison to control rats in

group I and group II, values of neurochemical parameters obtained from group III revealed significant reduction in dopamine level (Figure
1) and GSH level (Figure 2) with significant elevation in TNFα level (Figure 3).
Catalepsy score

Group I

Group II

duration

Group III

Group IV

Group V

Group VI

Grid test (s)

1.63 ± 0.52

1.63 ± 0.74

At7 days

2.88 ± 0.83

2.00 ± 0.53

2.13 ± 0.64

2.26 ± 0.64

Bar test (s)

P1 < 0.001

p2 < 0.001

1.63 ± 0.52

1.38 ± 0.52

P1 < 0.001

p2 < 0.001

th

At 14 days
th

5.00 ± 1.56

p3 < 0.001

2.88 ± 0.64
P3 < 0.001

At 21st days

7.88 ± 1.25

3.75 ± 0.71

At 28th days€

18.75 ± 6.71

5.00 ± 1.31

At7th days

3.0 ± 0.93

2.50 ± 0.53

At 14 days
th

At 21st days

At 28 days
th

€

5.75 ± 1.16

9.13 ± 0.64

18.38 ± 5.40

p4 < 0.001p6NS
3.38 ± 0.52

p5 < 0.001p7NS

5.75 ± 1.75

8.63 ± 1.30

2.50 ± 0.53

2.50 ± 0.53

4.13 ± 0.64

p4 < 0.001p6NS

P3 < 0.001

p4 < 0.001 p6NS

P3NS

p4NS p6NS

P3 < 0.001

6.63 ± 0.74
P3 < 0.001

7.88 ± 1.64
P3 < 0.001

3.38 ± 0.52

p4 < 0.001p6NS

P3 < 0.001

3.50 ± 0.93

p5 NS p7NS

3.88 ± 0.83

p4 < 0.001p6NS
6.63 ± 0.52

p4 < 0.00 p6 NS
9.0 ± 1.31

p4 < 0.001p6 NS

Table 1: Comparison between the different studied groups for catalepsy score.

4.25 ± 0.71
p5 < 0.001
p7NS

p5 < 0.001
p7 < 0.05

p5NS p7NS
3.88 ± 0.83

p5 < 0.001p7NS
6.75 ± 0.46

p5 < 0.00 p7 NS
12.26 ± 0.71

p5, p7 < 0.001

Values expressed as mean ± S.D, n (numbers of animals in all groups) = 8, NS means no significant.
Scheffe’s test - P1: comparison of group 1 (received distilled water) vs. group III (treated by rotenone). P2: comparison of group
II (received C.M.C.) vs. group III (treated by rotenone). P3:comparison of group III (treated by rotenone) vs. group IV (treated by
rotenone and L-dopa). P4:comparison of group III (treated by rotenone) vs. group V (treated by rotenone and Colchicine). P5:
comparison of group III (treated by rotenone) vs. group VI (treated by rotenone and valproic acid). P6: comparison of group
IV (treated by rotenone and L-dopa) vs. group V (treated by rotenone and Colchicine). P7: comparison of group IV (treated by
rotenone and L-dopa) vs. Group VI (treated by rotenone and valproic acid).
€

Significant difference of values after 28 days compared to that after 7 days.
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The pole
test (s)

Group I

Group II

Duration

Group III

Group IV

2.25 ± 0.46

2.38 ± 0.52

At 7th days

3.13 ± 0.99

2.63 ± 0.74

P1 < 0.05

p2 < 0.05

At14th days

6.75 ± 0.89

At 21 days

80.13 ± 55.06

st

At 28th days€

106.82 ± 37.12

p3NS

4.38 ± 0.52

Group V
3.00 ± 0.76

p4 NS p6 NS
4.63 ± 0.52

Group VI
3.00 ± 0.76

p5NS p7 NS
4.88 ± 0.64

P3 < 0.001

p4 < 0.001 p6NS

p5 < 0.001 p7NS

27.87 ± 27.85

45.00 ± 37.42

51.25 ± 41.67

21.50 ± 8.40
P3 < 0.05

P3 < 0.001

31.25 ± 32.09

p4 < 0.05 p6 NS

p4 < 0.001p6 NS

Table 2: Comparison between different studied groups for the pole test.

35.25 ± 37.06

p5 < 0.05 p7NS
p5 < 0.001
p7 < 0.05

Values expressed as mean ± S.D, n (numbers of animals in all groups) = 8, NS means no significant.

Scheffe’s test - P1: comparison of group 1 (received distilled water) vs. group III (treated by rotenone). P2: comparison of group II (received C.M.C.) vs. group III (treated by rotenone). P3: comparison of group III (treated by rotenone) vs. group IV (treated by rotenone
and L-dopa). P4: comparison of group III (treated by rotenone) vs. group V (treated by rotenone and Colchicine). P5: comparison of
group III (treated by rotenone) vs. group VI (treated by rotenone and valproic acid). P6: comparison of group IV (treated by rotenone
and L-dopa) vs. group V (treated by rotenone and Colchicine). P7: comparison of group IV (treated by rotenone and L-dopa) vs. Group
VI (treated by rotenone and valproic acid).
T-maze
test(s)

Group I

Group II

Duration

Group III

Group IV

Group V

Group VI

92.50 ± 10.35

90.00 ±
10.69

At 7th days

55.00 ± 9.26

72.50 ± 10.35

62.50 ± 12.82

57.50 ± 12.82

At 14 days

47.50 ± 10.35

55.00 ± 9.26

50.00 ± 10.69

50.00 ± 10.69

P3 < 0.05

p4 < 0.05
p6NS

p5 < 0.05
p7NS

P1 < 0.001

p2 < 0.001

th

At 21 days
st

At 28th days€

p3NS

P3NS

45.00 ± 9.26

67.50 ± 15.81

22.50 ± 7.07

52.50 ± 10.35
P3 < 0.001

p4 NS p6NS
p4NS p6NS

59.38 ± 13.99

43.75 ± 11.88
p4,p6NS

Table 3: Comparison between different studied groups for T maze spontaneous alteration test.

p5NS p7NS

p5NS p7NS

57.50 ± 11.95

37.56 ± 12.82
p5,p7 < 0.05

Values expressed as mean ± S.D, n (numbers of animals in all groups) = 8, NS means no significant.
Scheffe’s test - P1: comparison of group 1(received distilled water) vs. group III (treated by rotenone). P2: comparison of group II (received C.M.C.) vs. group III (treated by rotenone). P3: comparison of group III (treated by rotenone) vs. group IV (treated by rotenone
and L-dopa). P4: comparison of group III (treated by rotenone) vs. group V (treated by rotenone and Colchicine). P5: comparison of
group III (treated by rotenone) vs. group VI (treated by rotenone and valproic acid). P6:comparison of group IV (treated by rotenone
and L-dopa ) vs. group V (treated by rotenone and Colchicine). P7: comparison of group IV (treated by rotenone and L-dopa) vs.
Group VI (treated by rotenone and valproi acid).
€ Significant difference of values after 28 days compared to that after 7 days.
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Figure 1: Comparison of nigrostriatal dopamine level (ng/ml) in different studied groups.
Values are mean ± S.D. *significant differences P < 0.05, # means significant difference in P7 by scheffe's test
following one way ANOVA, n (number of animals in all groups) = 8.

Figure 2: Comparison of nigrostriatal reduced glutathione level (mmol/g tissue) in different studied groups.
Values are mean ± S.D. *significant differences P < 0.05, # means significant difference in P7 by scheffe’s test
following one way ANOVA, n (number of animals in all groups) = 8.
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Figure 3: Comparison of nigrostriatal TNFα level (ng/ml) in different studied groups.
Values are mean ± S.D. *significant differences by scheffe’s test P < 0.05, # means significant difference in P7 by
scheffe’s test following one way ANOVA, n (number of animals in all groups) = 8.

There was no significant difference between group IV (rats treated with L dopa) and group V (rats treated with Colchicine) regard-

ing to pole test and catalepsy score of grid test and bat test at 28th day showed significant decrease in comparison to group III (rotenone

induced parkinsonism) but still significant increase from group I and group II. Also there was significant increase in T-maze spontaneous
alternation test at 7th day, 14th day and 21st day in comparison to group III. prognosis of T-maze test at 28th day showed significant increase
when compared to that at 7th day, 14th day and 21st day in comparison to group III (rotenone induced parkinsonism). But still significant

decrease from control and vehicle groups. According to neurochemical parameters, there was significant elevation in dopamine and GSH
levels with significant reduction in TNFα level.

In comparison to group III (rotenone induced parkinsonism), those rats treated with valproic acid (group VI) regarding to catalepsy

score exhibited significant decrease for grid test and bat test at 28th day. But still significant increase from group I and group II. Catalepsy
score prognosis at 28th day showed significant decrease when compared to that at 7th day, 14th day and 21st day in comparison to group III.

In pole test there was significant decrease in comparison to group III. There was significant increase in T-maze spontaneous alternation
test at 28th day but showed significant increase when compared to that at 7th day, 14th day and 21st day in comparison to group III (rote-

none induced parkinsonism). But still significant decrease from group I and group II. According to neurochemical parameters, there was
significant elevation in dopamine and GSH levels with significant reduction in TNFα level.
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In comparison between group IV (rats treated with L-dopa) and group VI (rats treated with valproic acid) there was significant dif-

ference in catalepsy score, pole test and T maze test results. Regarding to grid test and bar test at 28th day showed significant decrease
in comparison to group VI and showed significant decrease when compared to that at 7th day, 14th days and 21st day. In pole test showed

significant decrease at 7th, 14th, 21st and 28th day. In T-maze test showed significant increase at 7th, 14th, 21st and 28th day. For neurochemical

parameters, there was significant elevation in dopamine and GSH levels with significant reduction in TNFα level especially for group IV
(rats treated with L-dopa).

In comparison between group V (rats treated with Colchicine) and group VI (rats treated with valproic acid) there was significant dif-

ference in catalepsy score, pole test and T maze test, for group V regarding to grid test and bar test at 28th day showed significant decrease
in comparison to group VI and showed significant decrease when compared to that at 7th day, 14th day and 21st days. As well as in pole test

showed significant decrease at 7th, 14th, 21st and 28th days. in T-maze test showed significant increase at 7th, 14th, 21st and 28th days when
compared to group VI (rats treated valproic acid). Regarding to neurochemical parameters, there was significant elevation in dopamine
and GSH levels with significant reduction in TNFα level especially for group V (rats treated with Colchicine).
Light microscope (LM) and histopathological examination of basal ganglia

LM examination of group I (received distilled water) showed normal neuronal density with appearance of pyramidal cells with spheri-

cal euchromatic nuclei and prominent nucleoli surrounded by well-organized cytoplasm, granular nerve cells and blood vessels in be-

tween (Figure 4A), there was no presence of lewy bodies in the substantia nigra, no structural damage and no inflammation or edema
(Figure 4B) with histopathological score (0) (Table 4). In group II (received CMC): LM examination revealed normal neuronal density,

there was no presence of lewy bodies in the substantia nigra, no structural damage and no inflammation, there was normal pyramidal
and granular nerve cells (Figure 5) with histopathological score (0). In group III that treated by rotenone: LM examination showed severe

neuronal cell death, structural damage to the substantia nigra, there was distribution of lewy bodies. There was severe inflammation with
Huge edema and elevation in vacuolated cells number in substantia nigra (Figure 6A-6C) with shrunken pyramidal cells with dark stained

hyper chromatic nuclei in all studied animals with histopathological score (4). LM examination of group IV that treated by L-dopa revealed
apparent decrease in neuronal damaging effect of Parkinsonism with very mild edema. Nearly all of rats were seen similar to control

group and vehicle group with characteristic euchromatic nuclei, prominent nucleoli surrounded by well-organized cytoplasm and lewy
bodies not present (Figure 7A and 7B). With histopathological score (1). In group V that treated by Colchicine: LM examination revealed

less perineuronal edema with apparent decrease in neuronal damaging effect of rotenone induced parkinsonism (group III). Almost of

rats were seen similar to control group and vehicle group with characteristic euchromatic nuclei, axons have normal myelin sheath and

lewy bodies not present (Figure 8) with histopathological score (1). LM examination in group VI that treated by valproic acid revealed
neuronal damage with nucleoli of these cells displayed peripheral chromatin condensation with irregularity of their outlines. There was

inflammation with microglia cell infiltration, low number of vacuolated cells and no lewy bodies. Prominent fibrillary reticular structure
in substantia nigra in all studied animals of the group (Figure 9) with histopathological score (2).
Score(s )

Histopathological score
Apoptotic score

IQR
Median
IQR
Median

Group I

Group II

Group III

Group IV

Group V

Group VI

0-0

0-0

3.25- 4

1.75-1

1-2

2-2.75

0-0

3-4

0.00

0.00

P1 < 0.001

p2 < 0.001

P1 < 0.001

p2 < 0.001

0-0

0.00

0.00

4

3.50

1

1.5

2

p3 < 0.001

p4 < 0.001

p5 < 0.001

p3 < 0.001

1.50

2.0

1-1.75
1

p6NS
1-2

p4 < 0.001
P6 NS

Table 4: Comparison between different studied groups for histopathological apoptotic scores.

p7 < 0.05
2-2

p5 < 0.001
p7 < 0.05

Values expressed as interquartile range (IQR) and median, n (numbers of animals in all groups) = 8, NS means no significant.
Non-parametric statistics, kruskal-wallis test followed by Mann-Whitney U statistics - P1: comparison of group 1 (received distilled
water) vs. group III (treated by rotenone). P2: comparison of group II (received C.M.C.) vs. group III (treated by rotenone). P3:
comparison of group III (treated by rotenone) vs. group IV (treated by rotenone and L-dopa). P4: comparison of group III (treated by
rotenone) vs. group V (treated by rotenone and Colchicine). P5: comparison of group III (treated by rotenone) vs. group VI (treated
by rotenone and valproic acid). P6: comparison of group IV (treated by rotenone and L-dopa) vs. group V (treated by rotenone and
Colchicine). P7: comparison of group IV (treated by rotenone and L-dopa) vs. Group VI (treated by rotenone and valproic acid).
Citation: Norhan Ahmed Abuo Hashish., et al. “Comparative Study of the Effects of Valproic Acid Versus Colchicine on Parkinsonism

Induced by Rotenone in Albino Rats”. EC Pharmacology and Toxicology 6.9 (2018): 775- 797.

Comparative Study of the Effects of Valproic Acid Versus Colchicine on Parkinsonism Induced by Rotenone in Albino Rats
784

Figure 4: (A) Section of nigrostriatal neurons of control group showing normal basal ganglia structure with
normal pyramidal (↑), granular cells (↑↑) and normal reticular structure (H. &E.ₓ250).

Figure 4: (B) Section showing completely normal basal ganglia structure (H. &E.ₓ125).
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Figure 5: Section of nigrostriatal neurons of group II (received CMC) showing normal basal ganglia structure
(H. &E.ₓ250).

Figure 6A: Section of nigrostriatal neurons of group III (untreated Parkinsonism) showing edema (↑) prominent fibrillary reticular structure (↑↑) and lewy bodies (↑↑↑) (H. &E.ₓ400).
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Figure 6B: Section of group III showing perineuronal edema (↑↑) and lewy bodies (↑) (H. &E.ₓ400).

Figure 6C: Section of group III showing microglia cells (inflammatory cell) infiltration with edema (↑) and
dilated congested vessel (↑↑) (H. &E.ₓ250).
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Figure 7A: Section of nigrostriatal neurons of group IV (treated by L dopa) showing minimal perineuronal
edema with absent lewy bodies and normal pyramidal cell (↑) and reticular fibers (H. &E.ₓ250).

Figure 7B: Section of group IV showing apparently normal basal ganglia structure with absent lewy bodies (H.
&E.ₓ250).
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Figure 8: Section of nigrostriatal neurons of group V (treated by Colchicine) showing apparently normal basal
ganglia structure normal pyramidal cell (↑) with absent lewy bodies (H. &E.ₓ250).

Figure 9: Section of nigrostriatal neurons of group VI (treated by valproic acid) showing diffuse perineuronal
edema (↑) with absent lewy bodies (H. &E.ₓ250).
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In control group (group I): LM examination revealed no apoptosis and negative caspase-3 expression in compare to group III (treated

by rotenone) (Figure 10) with apoptotic score (1) (Table 4). In vehicle group (group II): LM examination revealed No apoptosis and negative caspase-3 expression in compare to group III (Figure 11) with apoptotic score (1). In group III that treated by rotenone: LM examina-

tion showed severe apoptosis and strongly positive caspase-3 expression (Figure 12A and 12B) with apoptotic score (4) in all studied
rats. In group IV that treated by L-dopa, there was apoptosis and positive caspase-3 expression (Figure 13). Apoptotic score (2) with ap-

pearance of apoptotic figure in 3 rats and other 5 rats were apparently normal. In LM examination of group V that treated by Colchicine,
there was apoptosis and positive caspase-3expression (Figure 14) and expressed as score (2) with appearance of apoptotic figure in 4 rats
and other 4 rats were apparently normal. In group VI that treated by valproic acid, there was apoptosis and positive caspase-3 expression
(Figure 15) with apoptotic score (3) in all studied rats.

Figure 10: Section of nigrostriatal neuron of group I (received distilled water) showing apoptotic score 0 (1%)
(DABₓ250).
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Figure 11: Section of nigrostriatal neuron of group II (received CMC) showing apoptotic score 0 (1%)
(DABₓ250).

Figure 12: (A) Section of nigrostriatal neuron of group III (untreated parkinsonism) showing high positive
expression of apoptosis caspase-3 stained section (↑) showing apoptotic score 4 (over 90%) (DABₓ250).
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Figure 12: (B) Section of group III (untreated Parkinsonism) showing apoptosis caspase-3 expression (↑) with
apoptotic score 4 (over 90%) (DABₓ250).

Figure 13: Section of nigrostriatal neuron of group IV (treated by L dopa) scored for apoptosis caspase-3
stained section (↑) showing apoptotic score 2 (11% - 50%) (DABₓ250).
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Figure 14: Section of nigrostriatal neuron of group V (treated by Colchicine) scored for apoptosis caspase-3
stained section showing apoptotic score 2 (11% - 50%) (DABₓ250).

Figure 15: Section of nigrostriatal neuron of group VI (treated by valproic acid) scored for apoptosis caspase-3 stained section showing apoptotic score 3 (51% - 90%) (DABₓ250).
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Parkinson’s disease is characterized by progressive Damage of dopaminergic neurons in the nigrostriatal pathway, many studies in-

dicated that chronic exposure to rotenone causes these dopaminergic degenerations that associated with behavioral, neurochemical
and neuropathological features of parkinsonism [29]. In the current study, rotenone developed slow progressive degeneration that was

similar to Parkinson’s disease in human [30]. Vöhringer P [24] demonstrated that rotenone developed ideal model of parkinsonism where
bradykinesia and rigidity were manifested as progressive increase in catalepsy score and pole test with marked deterioration of memory
as in T-maze test. Moreover, it reproduced marked decrease in dopamine and GSH levels with increase in TNFα level [31]. That was confirmed by histopathological examination which revealed severe inflammation with Huge edema, elevation in vacuolated cells number,
shrunken pyramidal cells with dark stained hyper chromatic nuclei and wide distribution of lewy bodies, there is accumulation of Lewy

bodies which composed of synaptic protein α-synuclein and other proteins such as parkin, ubiquitin, synphilin and neurofilaments. The
protein degradation pathways e.g. the ubiquitin-proteasomal system and the autophagy-lysosomal pathway function help to prevent the
accumulation of misfolded and damaged proteins inside the cell and prevent their cytotoxicity. Accumulation of α-synuclein and ubiquitin
aggregates following rotenone exposure [32]. Immunohistochemistry is one of the most reliable methods for detecting apoptosis as pres-

ence of caspase-3. Systemic administered rotenone causes highly selective nigrostriatal dopaminergic degeneration, which is associated
with marked reduction in dopamine level [33].

Saravanan P., et al. [34] demonstrated that rotenone affects electron transport chain and decrease activity of complex I with increase

in level of oxygen free radicals leading to oxidative stress so dopaminergic degeneration occurred so more increased level of reactive
oxygen species (ROS) leading to reduction in GSH level in substantia nigra which occurs early in parkinsonism. The GSH system is important in controlling cellular redox states and is primary defense mechanism for removal of peroxide from brain [35]c1979-c2000.</

publisher><urls></urls></record></Cite></EndNote>. That activates apoptotic intrinsic pathway, increases permeability of the outer
membrane of mitochondria by opening of transition pores, allows cytochrome C (cyt c) to move from the intermembrane of mitochondria

into cells cytoplasm, allowing it to bind with apoptotic protease activating factor (Apaf-1) [20]. In presence of ATP, Apoptotic protease
activating factor 1 (Apaf-1) - cytochrome C complex changes its configuration. This interaction changes procaspase-9 into caspase-9 that
turns of procaspase-3 into caspase-3. Caspase-3 produces DNA Fragmentation Factor (DFF) with chromatin condensation, cell shrinkage

and blebbing which lead to cell death [36]. Increase in oxidative stress activates nuclear factor kappa β (NF-κβ) which help in beginning of

a pro-apoptotic gene expression program which play a role in neurodegenerative disease. Main BS., et al. [37] demonstrated that rotenone
increases reactive microglia and pro-inflammatory cytokine (TNF-α). These cytokines can bind to their respective receptors and activate

transduction pathways, leading to NF-κβ activation which causes apoptosis. It was reported that NF-κβ is present before caspase-3 which
suggests cytokines produced by the activation of microglia by rotenone play a role in the activation of NF-κβ before complex I inhibition
initiates activation of caspase-3 apoptosis [36].

Regarding the L-dopa therapy in current study, results showed marked symptomatic improvement in neurochemical parameters,

behavioral tests and histopathological examination. This confirmed that L-dopa still the corner stone drug and standard replacement

symptomatic therapy in Parkinsonism. These results showed significant increase in reduced glutathione (GSH) level which markedly decreased due to rotenone toxicity and ROS production [18]. Also in L-dopa treated group significant decrease in TNFα level and significant

decrease in caspase-3 reaction. L-Dopa known as (L-3,4 dihydroxyphenylalanine) was first drug used to treat dopamine deficiency of PD,

L-Dopa is administered in combination with a dopa-decarboxylase inhibitor to reduce peripheral metabolism to dopamine and decrease

dopaminergic side effects such as nausea, vomiting and postural hypotension. L-DOPA is successful in early-stage Parkinson’s disease and
benefits of this drug gradually decline in the later stages due to reduction in number of viable dopaminergic neurons that can convert
L-DOPA into dopamine to reduce symptoms [19]. And may be due to pharmacokinetics of L-DOPA in brain due to alterations in the functionality of blood brain barrier (BBB) [38].
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In the present study, colchicine in dose (20 microgram/kg) [16] by oral gavage provided neuroprotection when given early in PD. Col-

chicine treatment protected the Dopaminergic system against the neurodegenerative effects of rotenone [39]. Results showed significant

improvement in behavioral tests with improvement in memory and cognitive functions, neurochemical parameters, histopathological and

immunohistochemistry examinations. Neuroprotective role due to many properties as antioxidants protection against oxidative stress
and counteract excitotoxicity, colchicine metabolites had the ability to scavenge reactive radicals and form secondary radicals, also has

powerful anti-inflammatory effect due to disruption of microtubules in neutrophil so inhibiting their migration toward inflammation to

counteract the inflammatory mediators activation in PD. Colchicine offers neuroprotective effects through inhibiting anti-fas induced
apoptosis so, it has anti-apoptotic effect to stop apoptosis in damaged areas [40]. The protective effects were preserved all over the ex-

periment period which denoted high effect of colchicine treatment so usefulness of colchicine in PD will be determined by their ability to
provide safety, long-lasting and improvements in quality of life [16]. This was based on early detection and initiating therapy for slowing
PD process early, before condition becomes debilitated and complicated [41].

In the current study, group treated by L-dopa and group treated by colchicine revealed significant improvement of behavioral tests in

addition to amelioration of neurochemical parameters as well as preservation of nigrostriatal ultra structure integrity and reduction in
caspase-3 expression [16].

Regarding valproic acid therapy, the results showed improvement in catalepsy score, pole test and T-maze test but not better than

group treated by L-dopa and group treated by colchicine with under lying deterioration in measured neurochemical parameters. His-

topathological examination revealed inflammation with perineuronal edema more severe than results in L-dopa and colchicine groups.

Valproic acid is widely used as an anticonvulsant drug, in treatment of bipolar disorders and migraine prophylaxis [42]. It has Neuroprotective role due to anti-inflammatory effect through decreasing the number of inflammatory cells, release of inflammatory mediators and
receptor response to that mediators due to inhibition of histone deacetylases (HDACs), also has antioxidant effect which gave significant
improvement in neuronal degeneration and cognitive deficits [43].

In neurodegeneration of nigrostriatal dopaminergic neurons, there was strong increase of monoubiquitinated a-synuclein restricted

to brain areas affected by neurodegeneration. Also this neurodegeneration-dependent modification of a-synuclein was prevented by
VPA treatment so there was relation between VPA neuroprotection and maintenance of physiological state of a-synuclein. Presence of

Lewy Bodies in PD histopathological features which contain a fraction of monoubiquitinated a-synuclein which are toxic to dopaminergic

neurons not present in VPA treated group. Valproic acid is able to protect Dopaminergic neurons against rotenone-induced apoptosis by

inhibition of cytochrome c release and decrease of both caspase-9 and caspase-3 production so VPA has anti-apoptotic effect, so many
studies suggest that VPA mediated increase of Heat shock protein 70(Hsp70)and the binding of Hsp70 toApaf-1may be the main protec-

tive mechanisms. As Hsp70 indirectly inhibited cyt c/ATP-dependent activation of caspase-3 through its effect on Apaf-1-mediated activation of caspase-9 soVPA-mediated neuroprotection [44].

Conclusion

In conclusion, Colchicine and valproic acid had anti-inflammatory, anti-oxidant and anti-apoptotic effects, which make them excellent

neuroprotective drugs and that evidenced by results(behavioral test, neurochemical parameters, histopathological and immunohistochemistry examinations) But results of colchicine were better than valproic acid, So colchicine should be recommended as promising
neuroprotective drug early in Parkinsonism with L-dopa to improve the quality of life and decrease the complications.
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