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ABSTRACT
Introduction: Parkinson’s disease (PD) is characterized by emotional dysfunction which is a typical manifestation 
of non-motor symptoms. Non-motor symptoms may occur simultaneously with motor impairment in PD. Anxiety is 
a comorbidity in PD. This study therefore addresses the question of whether prior/post 6-OHDA lesion treatment 
with bromelain can show an effect on the behavioural signs of parkinsonism and damage to the CNS noradrenergic 
system in experimental rats.

Methods: Open field and despair swim tests were used to assess certain psychomotor functions and emotional 
reactivity in the neurotoxin injected rats. The level of noradrenaline in certain regions of the brain as well as in the 
blood was further analyzed by enzyme linked immunosorbent assay.

Findings: The results showed that unilateral injection of the neurotoxin into the rats’ medial forebrain bundle 
caused a decrease in the rearing time and a corresponding increase in the time spent grooming. There was a further 
indication that 6-OHDA injection resulted in the reduction of noradrenaline in the systemic environment. Also, 
the duration of immobility was increased by 6-OHDA injection but not statistically significant. Pretreatment with 
bromelain caused a change in the grooming behaviour not consistent with noradrenaline level.

Conclusion: This finding suggests that bromelain treatment interferes with the regulation of mood and emotion 
during the early phase of parkinsonism in the 6-OHDA rat model of PD which was accompanied by changes in 
noradrenaline level.
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Introduction
Mood disturbances are recognized as common non-motor, 
psychiatric comorbidities in idiopathic Parkinson’s disease (PD) 
[1,2]. However, anxiety appears to be under-recognized and under-
treated in patients with PD due to diagnostic imprecision, symptom 

overlap with motor and cognitive features of PD as well as under-
reporting of symptoms by the patients [3]. Notably, people with PD 
report relatively higher rates of anxiety when compared to people 
who have other neurodegenerative disorders [4] which further 
implies a unique aetiology and neuropathology of mood disorders 
in PD [5]. It is widely speculated that memory performance is 
restricted by anxiety, as anxiety is thought to compete with task-
relevant processes [6.] Het et al., [7] argued about the significance 
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of timing in the onset of PD and further emphasized that anxiety is 
induced prior to impaired memory functions.

Grooming and rearing are complex patterned neuro-behavioural 
indicators which are often seen as anxiogenic responses in animals 
[8]. Regulation of these behaviour is clearly centrally controlled 
and mediated by multiple brain regions as well as by various neuro-
mediators, hormones and psychotropic drugs [9,10]. The thalamus 
was reported to be activated in the context of emotionally arousing 
environment and produced fear and anxiety-like behaviour in rats 
[11] and blockade of some receptors in the thalamus has anxiolytic 
effects [12]. In rats, the paraventricular thalamic nucleus was 
activated when rats were exposed to foot-shock [13]. Further 
evidences were provided to explain that the information associated 
with emotionally charged events was transmitted to the thalamus, 
which then provided excitatory inputs to the PFC and other 
areas of the forebrain involved with the emotional states [14,15]. 
Also, the integrity of the thalamic fibre tract was reported to be 
compromised in neurodegenerative disorder in humans [16].

Progressive degeneration of dopaminergic neurons is strongly 
associated with PD, culminating in motor dysfunctions [17]. The 
neuroanatomical and functional relationship between dopamine 
(DA) and noradrenaline (NA) have revealed that these central 
neurotransmitters share a biosynthetic pathway and sympathetic 
nerve stimulation releasing NA was speculated to compensate for 
the neuronal loss of DA in PD [18] by binding to DA receptors. 
In fact, diminished NA signalling was reported to exacerbate PD 
neuropathology while mechanisms to augment NA tone were 
further suggested to provide neuroprotection [19]. In the present 
study, we aimed at investigating the effect of bromelain (an anti-
inflammatory agent) on the noradrenergic system and perhaps, its 
behavioural consequences in the early stage of PD.

Materials and methods Experimental animals and 
Surgery
All animal experiments were performed according to the NIH 
guidelines for the care and use of laboratory animals and were 
approved by the Animal Research Ethics Committee of the 
University of KwaZulu-Natal (AREC/019/016D). Male Sprague-
Dawley rats were housed under a 12 hr light/dark cycle with free 
access to standard rat chow and water in the Biomedical Resource 
Centre of the University of KwaZulu-Natal. At PND 51, the 
animals were divided into two major groups viz pre-surgically 
treated rats with daily injections of bromelain (40 mg/kg i/p; 
Sigma- Aldrich, USA), (n=10) and saline treated animals (10 
ml/kg i/p; Adcock- Ingram, SA) (n=30) for 7 days. The dose of 
bromelain was based on previous experiments [20]. At PND 60, 
the animals were injected with desipramine (15 mg/kg i/p; Sigma, 
Munich, Germany) a norepinephrine reuptake blocker which 
serves to prevent 6-OHDA uptake by noradrenergic neurons. The 
rats were deeply anaesthetized with ketamine (90 mg/kg/i.p; Bayer 
Pty Ltd, SA) and xylazine (5 mg/kg/i.p; Intervet Pty Ltd, SA) was 
administered to stabilize systemic arterial pressure. The drugs were 
administered as a concoction to the animals and were monitored 

until they were confirmed to be fully anaesthetised. Following 30 
min after the administration of desipramine, the anaesthetised rats 
were then positioned on a stereotaxic frame (Kopf Instruments, 
Tujunga, USA). The neurotoxin 6-OHDA (10 μg) dissolved in 
normal saline (4 μL) containing 0.2% ascorbic acid (Sigma, St. 
Louis, MO, USA) was injected into the left medial forebrain bundle 
(MFB) using the stereotaxic coordinates (AP – 4.7, ML + 1.6, DV 
– 8.4) [21]. Control animals were injected with normal saline (4 
μL). Following surgery, the animals were placed on a heating pad 
until recovery. This was followed by an injection of temgesic (0.05 
mg/kg/s.c; Reckitt Benckiser Ltd, UK) for pain relief. The animals 
were further sub- divided into four groups viz: pre-surgery saline 
treatment (10 mL/kg i.p, daily for 7 days) followed by intra-MFB 
saline injection, with post-surgery saline treatment (10 mL/kg i.p, 
daily for 7 days; Adcock-Ingram, South Africa) (NN), pre-surgery 
saline treatment (10 mL/kg i.p, daily for 7 days) followed by intra-
MFB 6-OHDA injection, with post-surgery saline treatment (10 
mL/kg i.p, daily for 7 days) (6N), pre-surgery bromelain treatment 
(40 mg/kg i/p; Sigma-Aldrich, USA) for 7 days followed by intra-
MFB 6-OHDA injection with post-surgery saline treatment (10 
mL/kg i.p, daily for 7 days) (Br6) and pre-surgery saline treatment 
(10 mL/kg i.p, daily for 7 days) followed by intra-MFB 6-OHDA 
injection, with post-surgery bromelain daily treatment starting 
from 24hr after surgery for 7days (24Br) (Table 1). Behavioural 
assessment took place 24hr after the last drug/vehicle injection.

Table 1: Treatment schedule of the four groups; pre-surgery saline 
treated, saline injected, and post-surgery saline treated rats (NN); pre-
surgery saline treated, 6-OHDA injected, and post-surgery saline treated 
rats (6N); pre-surgery bromelain daily treatment for 7 days followed by 
6-OHDA injection, and post-surgery saline treated rats (Br6); and pre-
surgery saline treated, 6-OHDA injected, and post-surgery bromelain 
daily treated rats starting from 24 hr after surgery for 7 days (24 Br). 
n=10 rats per group.

Groups Pre-surgery 
bromelain Treatment

6-OHDA (10 μg/4 μL)
Lesion

Post-surgery 
bromelain Treatment

NN - - -
6 N - + -
Br 6 + + -
24 Br - + +

Behavioural Assessment
On PND 58 before surgery, all the rats were tested for anxiety-like 
behavior and depression using open field and forced swim tests. 
The same tests were repeated 24hr after the last post- surgical 
treatment with bromelain or saline.

Open field test
The open field box is a square open arena (68× 68× 45) cm3 
designed to evaluate neurobehavioural activities in rats [22]. The 
apparatus was cleaned with 70% alcohol before introducing each 
rat into the box; this was to remove any olfactory cue which could 
have been left by the previous rat. The activity of the rat in the 
open field box was recorded over a period of 10 min commencing 
at 8:00 hr on the day. Rearing was scored as the duration of time 
spent with extension of the fore-limbs and placement of the paws 
on the walls of the box in an exploratory manner, as previously 
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described [23,24]. Grooming was time spent by each animal using 
the forelimbs to clean the face and the body. Anxiety was recorded 
as the number of entries and the duration of time spent in the centre 
square [25]. Following this test, the rats were returned to their 
respective cages in the holding room where they remained for 2 hr 
before being taken for the forced swim test.

Forced Swim test
Each rat was placed inside a clean, open-top plexiglas cylinder 
(diameter: 15 cm, height: 40 cm) containing 30 cm of water 
maintained at 25 ± 1°C. The rats were placed in the cylinder for 
the first time; and allowed to swim vigorously until the activity 
began to subside and was interspersed with phases of immobility 
or floating. Immobility reached a plateau and the rats remained 
motionless. The first session lasting 15 min was conducted without 
behavioural recording. This was done to acclimatize the rats to 
the test situation, thereby providing a stable and a high level of 
immobile behaviour during the subsequent test session. The 
rats were further allowed to dry in a heated environment (30°C) 
before being returned to their different home cages. They were 
again placed in the cylinder 24 hr later and the total duration of 
immobility was measured during a 6 min test. An animal was 
judged immobile whenever it remained floating passively in the 
water in a slightly hunched but upright position, its nose just above 
the surface of the water.

Animal Sacrifice and tissue collection
A subset of the animals (6 per group) was randomly selected and 
sacrificed by decapitation 24 hr after the last behavioural test 
at PND 70. The blood was collected in heparinized tubes and 
centrifuged for 15 min at 1160 ×g in a 40C refrigerated centrifuge 
(HERMLE LABTECH, Germany) after which plasma was pipetted 
into eppendorff tubes. The brain was also removed immediately 
after decapitation and placed in a frozen 0.9% saline slush so as to 
suppress the degradation of the brain structures during dissection. 
The thalamus and pre- frontal cortex (PFC) were dissected out, 
weighed and placed in eppendorff tubes. Then, both the plasma 
and the tissues already placed in eppendorffs were further snap-
frozen in liquid nitrogen before being stored in a -80ºC bio-freezer 
until further use.

Determination of NA levels in the plasma, thalamus and PFC
In order to support our behavioural results and establish a 
neurochemical basis for the difference in behaviour caused by 
the injected neurotoxin and drug treatment, the noradrenaline 
concentration was analysed in the plasma, PFC and thalamic tissues 
using a Sandwich-ELISA method using ELISA kits (Elabscience 
Biotech., Texas, USA). The NA analysis protocol consisted of an 
extraction procedure that was followed by quantification. Both steps 
were conducted on the same day. The micro-ELISA plate provided 
with the kit was pre-coated with specific antibody that recognized 
noradrenaline only in the samples. The PFC and thalamic tissues 
were removed from the bio-freezer and EDTA-HCL buffer (4 
mL/1 mg of tissue) was added to each tube containing the tissue 
to minimize noradrenaline metabolism. The tissues were sonicated 

immediately using a sonicator (CML- 4, Fischer, USA) and further 
centrifuged at 1160 ×g for 10 min at 4ºC. The supernatant was 
pipetted into new eppendorff tubes. The standard, control and the 
samples (plasma, PFC and thalamic tissues) were respectively 
pipetted into each well of the noradrenaline micro-ELISA plate. 
Biotinylated detection antibody specific for noradrenaline (50 μL) 
was added to each well and incubated for 1 hr at room temperature. 
Following this was the addition of avidin conjugated horseradish 
peroxidase (HRP) (100 µL) to each well and incubated for 1 hr 
at room temperature. This was then followed by the addition of 
tetramethylbenzidine (TMB) liquid substrate (90 μL) to each well. 
The plate was then incubated at room temperature for 15 min. 
Following incubation, stop solution (50 μL) made of sulphuric 
acid was added. The absorbance of NA was quantified using a 
microtitre plate (SPECTROstar Nano, BMG LABTECH GmbH, 
Ortenberg, Germany) at a wavelength of 450 ± 2 nm within 10 
min as per the manufacturer’s protocol. All samples, standard and 
control were analyzed in triplicates. The assay guidelines provided 
by the manufacturer (Catalogue No: E-EL- R0047) were followed.

Statistical Analysis
All results are presented as mean ± SEM. Statistical analysis was 
performed using GraphPad Prism 5 (GraphPad Software Inc., 
USA). Data normality was assessed by Kolmogorov- Smirnov test. 
The behavioural outcomes were compared using two-way repeated 
measures ANOVA while all other outcomes were compared with 
control using one-way ANOVA followed by Bonferroni post hoc 
analysis. Effects were considered statistically significant at p value 
< 0.05.

Results
Open field test
The time spent rearing in the open field box was analyzed in the 
four groups viz: pre-surgery saline treated, saline injected with 
post-surgery saline treatment (NN), pre-surgery saline treatment, 
6-OHDA injected with post-surgery saline treatment (6N), pre-
surgery bromelain treatment followed by 6-OHDA injection 
with post-surgery saline treatment (Br6) and pre- surgical 
saline treatment, 6-OHDA injected with post-surgery bromelain 
treatment starting from 24 hr after surgery (24Br) (n = 10 rats per 
group). There was no difference between the group’s pre-surgery. 
The treatment was found to affect the time spent rearing F (1, 36) 
= 72.5 p< 0.001: Figure 1. The time spent rearing was decreased 
in the saline treated, 6-OHDA injected rat (NN post vs. 6N post) 
p < 0.01. Also, time spent grooming was significantly affected by 
the treatment F (1, 36) = 20.14, p = 0.004; Figure 2. The time 
spent on grooming was significantly increased in the saline treated, 
6-OHDA injected rats in comparison to the control group (6N post 
vs.  NN post) p < 0.001. Pretreatment with bromelain caused a 
significant reduction in the grooming time compared to the saline 
treated, 6-OHDA injected rats (Br6 post vs. 6N post), p < 0.05.

Forced Swim Test
The period of immobility in the forced swim test was further 
analysed in the rats of the four groups. There was a significant 
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effect of the injected neurotoxin as the post-surgery period of 
immobility was significantly increased compared to the pre-
surgery values F(1, 36) = 26.07, p < 0.0001, Figure 3. The period 
of immobility was increased by the injection of 6-OHDA but not 
statistically significant. Also, the period of immobility was further 
increased as well decreased by bromelain treatment prior and post 
6-OHDA injection respectively, but not significant.

Figure 1: Graph showing the rearing time before (pre) and after (post) 
6-OHDA injection in the saline treated rats (NN), 6-OHDA treated rats 
(6N), presurgery bromelain treated rats (Br6) and post-surgery bromelain 
treated rats (24Br). Treatment was significant F(1, 36) = 72.5, p < 0.001. 
*(NN vs. 6N), p < 0.01. n = 10/group.

Figure 2: Graph showing the grooming time before (pre) and after (post) 
6-OHDA lesion in the saline treated rats (NN), 6-OHDA injected rats 
(6N), presurgical bromelain treated rats (Br6) and post-surgical bromelain 
treated rats (24Br). Treatment was significant F(1, 36 = 20.74; p = 0.004. 
*(NN vs. 6N), p < 0.001; #(6N vs. Br6), p < 0.05. n = 10/group.

NA levels in the plasma, thalamus and PFC
The neurotoxin (6-OHDA) caused a significant decrease in the 
systemic noradrenaline concentration (F (3,20) = 7.135; p = 0.0023, 
Figure 4). Post-surgical treatment with bromelain produced a 
significant increase in the systemic concentration of noradrenaline 
compared to the saline treated 6-OHDA injected rats (6N vs. 24Br) 

p < 0.05, Figure 4. The thalamic noradrenaline concentration 
was reduced by 6-OHDA injection, although not statistically 
significant (Figure 5). Also, bromelain pretreatment reversed the 
thalamic noradrenaline concentration compared to the 6-OHDA 
injection, but not significant. Likewise, the bromelain post 
treatment slightly increased the thalamic noradrenaline levels 
compared to the 6-OHDA, but not significant (Figure 5). In the 
PFC, the NA level was decreased by the injection of 6-OHDA 
compared to saline injection, but not statistically significant. 
Also, the cortical noradrenaline concentration was increased by 
bromelain pretreatment compared to 6-OHDA injection but not 
significant (Figure 6).

Figure 3: Graph showing the period of immobility. The result shows both 
pre and post-surgery in the saline treated rats (NN), 6-OHDA injected 
rats (6N), bromelain pretreated, 6-OHDA injected rats (Br6), 6-OHDA 
injected, post-surgery bromelain treated rats at 24hr (24Br). (n=10). 
F(1,36) = 26.07, p < 0.0001.

Figure 4: Graph showing the systemic NA concentration in the saline 
treated rats (NN), 6- OHDA injected rats (6N), bromelain pretreated, 
6-OHDA injected rats (Br6) and 6-OHDA injected, post-surgery 
bromelain treated rats (24Br). F(3, 20) = 7.135, p = 0.0023. *(NN vs. 6N) 
p < 0.05; *(6N vs. 24Br) p < 0.05.
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Figure 5: Graph showing the thalamic NA concentration in the saline 
treated rats (NN), 6- OHDA injected rats (6N), bromelain pretreated, 
6-OHDA injected rats (Br6) and 6- OHDA injected, post-surgery 
bromelain treated (24Br). F(3, 20) = 0.9844, p = 0.422.

Figure 6: Graph showing the cortical NA concentration in the saline treated 
rats (NN), 6-OHDA injected rats (6N), bromelain pretreated, 6-OHDA 
injected rats (Br6) and 6-OHDA injected, post-surgery bromelain treated 
at 24hrs (24Br). F(3, 20) = 3.738, p = 0.03. n= 6/group.

Discussion
In this study, we investigated the behavioural consequences 
as well as plasma noradrenaline levels in the early stage of 
parkinsonism using a 6-OHDA lesioned rat model of PD, and the 
influence of bromelain treatment on behaviour and the secretion of 
noradrenaline within the systemic environment and in the brain.

The open field test showed that intra MFB injection of the neurotoxin 
(6-OHDA) resulted in the development of a state of anxiety in the 
rat model of PD. We found that the rearing time following the 
6-OHDA lesion was significantly shorter while the time spent 
grooming was increased. This suggests a state of apprehension 
or fear and emotional distress in the early phase of parkinsonism 
which could have been incurred by the excitotoxic damage caused 
by the neurotoxin. These results agreed with previous studies and 

further confirmed that the state of anxiety is a typical reactionary 
response to PD [26-28]. The degree of anxiety is conventionally 
linked with the state of alertness during exploration in a novel 
environment [29]; therefore, the suppressed rearing is suggested 
to have resulted from a feeling of apprehension. There is no doubt 
that the neurotoxin at the relatively high dose used in the present 
study possesses a strong effect on the noradrenergic innervation 
of areas of the brain that are concerned with the interplay of 
sensational feelings [30]. In our study, the period of immobility 
of the 6-OHDA injected rats in the forced swim test was not 
different from the control animals. This suggests that depressive-
like behaviours may not emanate at the onset of dopaminergic 
neurodegeneration; however, there is tendency for its occurrence 
at any time during the disease [31].

In this study, another major observation is a marked reduction of 
NA in the systemic environment following intra-MFB 6-OHDA 
injection. This finding is consistent with other studies describing 
biochemical changes in PD. Also, it is like the findings by Wong 
et al. [32] that show extensive redundancy in the sympathetic 
innervation and a decline in the circulating endogenous NA as a 
result of a high rate of oxidative deamination of NA in the cardiac 
sympathetic nerve in the early stage of PD before the development 
of classic symptoms of PD [32]. In this case, there is reason to 
argue that the reduction of NA within the plasma in PD can be 
taken as being as a result widespread loss of noradrenergic nerve 
supply to some visceral organs especially the brain and heart.  

Bromelain as reported by Mauer et al. has a wide range effect 
which is a result of its diverse mechanisms. In our result, 
post-surgery bromelain treatment was found to increase the 
concentration of NA within the systemic system. There was 
a previous suggestion that anxiety in parkinsonism is because 
of lower NA transporter binding in the LC but with elevated 
plasma concentration of NA. The elevated systemic NA may 
further be explained as a result of auto-feedback mechanism by 
adrenal medulla to maintain micro-homeostasis. Conversely, the 
kininogen (vasodilator) was known to reduce the reactivity to 
noradrenergic stimuli. In line with this, the evidence provided by 
Majima et al. that bromelain depletes plasma levels of kininogen 
(vasodilator) which helps to understand that bromelain indirectly 
allows the release of NA in the plasma. Conversely, bromelain 
pre-treatment alleviated the anxiety by reducing the 6-OHDA-
induced increase in time spent engaged in grooming behaviour. It 
is a known fact that most of the anxiolytic drugs act by modulating 
gamma aminobutyric acid (GABA) receptors and potentiating 
GABAergic inhibition by opening calcium channels and causing 
hyperpolarizastion in neurons that are directly activated by its 
receptors [33]. In addition, Chaudhary et al. provided evidence 
that bromelain enhances the release of GABA within the whole 
brain of neurotoxin intoxicated animals. Consistent with this 
report, we may then suggest that the reduced grooming activities 
following bromelain pretreatment of 6-OHDA lesioned rats may 
be the behavioural output resulting from the balance between the 
systemic level of GABA and NA. Perhaps, the systemic level 
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of GABA may have out-weighed the effect of NA which may 
have resulted in suppression of grooming activities as observed 
in 6-OHDA lesioned rats pretreated with bromelain.

Conclusion
In conclusion, these findings suggest that anxiety is implicated 
in the neurodegeneration that occurs at the early stage of the 
6-OHDA intra-MFB rat model of parkinsonism. The level of NA 
is quite affected by the neurotoxin. Also, the release of NA in 
the systemic environment is caused by bromelain following the 
6-OHDA injection. The elevation of NA may partly be responsible 
for the anxiety-like state at the early stage of parkinsonism. Unlike, 
pre-surgery treatment with bromelain is perhaps advisable as a 
treatment for anxiety in the rat model of parkinsonism.

References
1. Riedel O, Dodel R, Deuschl G, et al. Depression and care-

dependency in Parkinson’s disease: results from a nationwide 
study of 1449 outpatients. Parkinsonism & related disorders. 
2012; 18: 598-601.

2. Chen JJ, Marsh L. Anxiety in Parkinson’s disease: 
identification and management. Therapeutic advances in 
neurological disorders. 2014; 7: 52-59.

3. Gallagher DA, Lees AJ, Schrag A. What are the most important 
nonmotor symptoms in patients with Parkinson's disease and 
are we missing them? Movement Disorders. 2010; 25: 2493-
2500.

4. Blonder LX, Slevin JT. Emotional dysfunction in Parkinson’s 
disease. Behavioural neurology. 2011; 24: 201-217.

5. Leppänen PK, Ravaja N, Ewalds-Kvist S. Twenty-three 
generations of mice bidirectionally selected for open-field 
thigmotaxis: selection response and repeated exposure to the 
open field. Behavioural Processes. 2006; 72: 23-31.

6. Stefanopoulou E, Hirsch CR, Hayes S, et al. Are attentional 
control resources reduced by worry in generalized anxiety 
disorder? Journal of abnormal psychology. 2014; 123: 330.

7. Het S, Ramlow G, Wolf O. A meta-analytic review of the 
effects of acute cortisol administration on human memory. 
Psychoneuroendocrinology. 2005; 30: 771-784.

8. Kalueff AV, Tuohimaa P. Mouse grooming microstructure 
is a reliable anxiety marker bidirectionally sensitive to 
GABAergic drugs. European journal of pharmacology. 2005; 
508: 147-153.

9. Rupniak N, Carlson E, Webb J, et al. Comparison of the 
phenotype of NK1R−/− mice with pharmacological blockade 
of the substance P (NK1) receptor in assays for antidepressant 
and anxiolytic drugs. Behavioural pharmacology. 2001; 12: 
497-508.

10. Kalueff AV, Tuohimaa P. Contrasting grooming phenotypes in 
three mouse strains markedly different in anxiety and activity 
(129S1, BALB/c and NMRI). Behavioural brain research. 
2005; 160: 1-10.

11. Li Y, Li S, Sui N, et al. Orexin-A acts on the paraventricular 

nucleus of the midline thalamus to inhibit locomotor activity 
in rats. Pharmacology Biochemistry and Behavior. 2009; 93: 
506-514.

12. Li Y, Li S, Wei C, et al. Orexins in the paraventricular nucleus 
of the thalamus mediate anxiety-like responses in rats. 
Psychopharmacology. 2010; 212: 251-265.

13. Yasoshima Y, Scott T, Yamamoto T. Differential activation 
of anterior and midline thalamic nuclei following retrieval of 
aversively motivated learning tasks. Neuroscience. 2007; 146: 
922-930.

14. Hamlin AS, Clemens KJ, Choi EA et al. Paraventricular 
thalamus mediates context‐induced reinstatement (renewal) 
of extinguished reward seeking. European Journal of 
Neuroscience. 2009; 29: 802-812.

15. Zhu L, Wu L, Yu B, et al. The participation of a neurocircuit 
from the paraventricular thalamus to amygdala in the 
depressive like behavior. Neuroscience letters. 2011; 488; 81-
86.

16. Cherubini A, Péran P, Spoletini I, et al. Combined volumetry 
and DTI in subcortical structures of mild cognitive impairment 
and Alzheimer's disease patients. Journal of Alzheimer's 
Disease. 2010; 19: 1273-1282.

17. Hoban DB, Connaughton E, Connaughton C, et al. Further 
characterisation of the LPS model of Parkinson’s disease: a 
comparison of intra-nigral and intra-striatal lipopolysaccharide 
administration on motor function, microgliosis and 
nigrostriatal neurodegeneration in the rat. Brain behavior and 
immunity. 2013; 27: 91-100.

18. Natale G, Ryskalin L, Busceti C, et al. The nature of 
catecholamine-containing neurons in the enteric nervous 
system in relationship with organogenesis, normal human 
anatomy and neurodegeneration. Archives Italienne de 
Biologie. 2017; 155: 118-130.

19. Yssel JD, O'neill E, Nolan YM, et al. Treatment with the 
noradrenaline re-uptake inhibitor atomoxetine alone and in 
combination with the α2-adrenoceptor antagonist idazoxan 
attenuates loss of dopamine and associated motor deficits in 
the LPS inflammatory rat model of Parkinson’s disease. Brain 
behavior and immunity. 2018; 69: 456-469.

20. Onken JE, Greer PK, Calingaert B, et al. Bromelain treatment 
decreases secretion of pro-inflammatory cytokines and 
chemokines by colon biopsies in vitro. Clinical Immunology. 
2008; 126: 345-352.

21. Paxinos G, Watson C. A stereotaxic atlas of the rat brain. New 
York: Academic. 1998.

22. Seibenhener ML, Wooten MC. Use of the open field maze to 
measure locomotor and anxiety-like behavior in mice. Journal 
of visualized experiments. 2015; 96: 52434.

23. Baskin YK, Dietrich WD, Green EJ. Two effective behavioral 
tasks for evaluating sensorimotor dysfunction following 
traumatic brain injury in mice. Journal of neuroscience 
methods. 2003; 129: 87-93.



Volume 4 | Issue 2 | 7 of 7Surg Res, 2022

24. Schallert T, Fleming SM, Leasure JL, et al. CNS plasticity and 
assessment of forelimb sensorimotor outcome in unilateral rat 
models of stroke, cortical ablation, parkinsonism and spinal 
cord injury. Neuropharmacology. 2000; 39: 777-787.

25. Mcfadyen-Leussis MP, Lewis SP, Bond TL, et al. Prenatal 
exposure to methylphenidate hydrochloride decreases anxiety 
and increases exploration in mice. Pharmacology Biochemistry 
and Behavior. 2004; 77: 491-500.

26. Lauterbach EC, Freeman A, Vogel RL. Correlates of 
generalized anxiety and panic attacks in dystonia and 
Parkinson disease. Cognitive and behavioral neurology. 2003; 
16: 225-233.

27. Nuti A, Ceravolo R, Piccinni A, et al. Psychiatric comorbidity 
in a population of Parkinson's disease patients. European 
Journal of Neurology. 2004; 11; 315-320.

28. Leentjens AF, Dujardin K, Marsh L, et al. Anxiety rating 
scales in Parkinson's disease: critique and recommendations. 
Movement disorders: official journal of the Movement 
Disorder Society. 2008; 23: 2015-2025.

29. Ferdman N, Murmu R, Bock J, et al. Weaning age, social 
isolation, and gender, interact to determine adult explorative 
and social behavior, and dendritic and spine morphology in 
prefrontal cortex of rats. Behavioural brain research. 2007; 
180: 174-182.

30. Dolatshahi M, Farbood Y, Sarkaki A, et al. Ellagic 
acid improves hyperalgesia and cognitive deficiency in 
6-hydroxidopamine induced rat model of Parkinson’s disease. 
Iranian journal of basic medical sciences. 2015; 18: 38.

31. Obeso JA, Olanow CW, Nutt JG. Levodopa motor 
complications in Parkinson’s disease. Trends in Neuroscience. 
2000; 23: S2-S7.

32. Wong KK, Raffel D, Bohnen N, et al. 2-Year Natural Decline 
in Cardiac Sympathetic Innervation in Idiopathic Parkinson 
Disease (IPD) Studied with 11C-Hydroxyephedrine (HED) 
PET. Journal of Nuclear Medicine. 2015; 56: 1585-1585.

33. Campêlo LML, Lima SGD, Feitosa CM, et al. Evaluation of 
central nervous system effects of Citrus limon essential oil in 
mice. Revista Brasileira de Farmacognosia. 2011; 21: 668-673.

© 2022 Adu T, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License


