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Finding a Cure: Identifying Predictive Factors and Developing Preventative Treatments for 

Parkinson’s Disease 

 Parkinson’s disease (PD) is a chronic and progressive neurodegenerative disease that 

causes the death of dopamine producing neurons in the brain. Cell death occurs as a result of 

neuroinflammation, and irregular groupings of α-synuclein proteins, called Lewy bodies, that 

form within neuronal cells (Hirsch et al., 2009). PD is characterized primarily as a movement 

disorder that leads to the gradual degradation of movement capabilities. However, the massive 

cell death that causes the loss of motor control often also results in decreased cognitive 

functioning, as well as affective and psychotic psychological conditions, most commonly, 

depressive symptoms and memory impairment. Worldwide, more than 10 million people 

struggle with PD, with 60,000 new diagnoses made each year in the United States alone (Van 

Den Eeden et al., 2003). The exact cause of PD is unknown, but researchers do understand the 

typical pattern and progression of neurodegeneration, and the resulting symptoms.  

The most recognizable motor symptoms of PD include resting tremors, unintentional 

movement, difficulty completing intentional movements, and bradykinesia, or slowness of 

movement. In addition to motor symptoms, neurodegeneration causes cognitive and 

psychological changes including depression and anxiety, as well as deficits in cognitive 

functioning including memory loss, trouble making decisions, and difficulty concentrating. Both 

motor and psychological symptoms arise from neurochemical changes that result from the 

degeneration of cells in a region of the brain called the substantia nigra (SN), which is integral to 

facilitating movement control. Neurons in the SN produce dopamine, a neurotransmitter that 

plays many roles in healthy brain function, one of which being the facilitation of neural 

communication (Cools, Stefanova, Barker, Robbins, & Owen, 2002; Jellinger, 1991; Sporns, 
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2013). In order for the body to function properly, the brain must be able to integrate signals from 

spatially distinct functional areas. This process requires neurotransmitters to facilitate 

communication between these areas. Without dopamine as an intermediary, spatially distinct 

regions of the brain that cannot form direct neuronal connections cannot effectively 

communicate, and the brain cannot integrate the information necessary for complex bodily 

functions.  

Proper brain functioning is dependent on balanced chemical activity and effective 

communication between neurons. When neurodegeneration attacks neurons that produce 

dopamine, the resulting lack of dopamine in the nigrostriatal dopaminergic pathway (NDP) and 

the mesocorticolimbic pathway (MCLP) causes glitches in system regulation. These major 

dopamine pathways connect the area of the brain that produces dopamine, the basal ganglia, to 

the rest of the brain. This allows for integrated functioning and effective neural communication 

across the whole brain (Jellinger, 1991). The NDP and MCLP pathways play a significant role in 

facilitating the production of motor behaviors, and the MCLP is particularly crucial to motor 

learning and skill development (Kampen & Eckman, 2006).  

Though the exact cause of these motor, cognitive, and psychological symptoms has 

remained elusive thus far, research suggests PD arises from a combination of genetic and 

environmental factors (Alves, Forsaa, Pedersen, Gjerstad, & Larsen, 2008). Unlike Huntington’s 

disease, another, more thoroughly understood, neurodegenerative disease, PD is not hereditary. 

Though familial linkages in certain genes correlated with PD have been determined, researchers 

have found no causal link between these genes and the development of PD. Other potential 

causes include certain environmental factors, such as pesticide exposure, especially when 
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combined with existing genetic factors (McCormack, Atienza, Johnston, Andersen, & Di Monte, 

2005).  

Without a known cause, treatments for PD are insufficient and lack long-term efficacy. 

Now, palliative measures remain the only form of PD management. Current treatments for PD 

almost exclusively consist of synthetic dopamine supplements and dopamine agonists, most 

commonly, Levodopa and Carbidopa, the standard of treatment since the 1960s. These 

medications are successful at lessening severity and slowing symptom progression for a short 

period of . However, due to the irreversible nature of neurodegeneration, until stem cell research 

and regenerative medicine advance to the point of viability, the cure for PD lies in preventative 

measures that will permanently halt the progression of cell death long before motor symptoms 

appear. Some research suggests that preventative treatments may be possible in the near future. 

Past studies have identified various antibiotic and antioxidant neuroprotective agents that may 

slow the rate of neuronal cell death, and neurodegeneration in PD (Kelsey et al., 2010; Ravina et 

al., 2003). The antioxidant effects of these agents both slow and prevent cell death by combatting 

the inflammatory effects of oxidative stress, which results in neuronal cell death (Hirsch et al., 

2009; McCormack et al., 2005). One antibiotic in particular, minocycline, a compound 

commonly used in clinical practice, has demonstrated anti-inflammatory and neuroprotective 

properties in multiple experimental models of neurological conditions and diseases (Plane, Shen, 

Pleasure, & Deng, 2010).  

 

 

Background 
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The current study tested the effects of paraquat toxicity on bumblebee cognitive 

functioning measured by associative learning ability, and the potential attenuation of negative 

symptoms by the antibiotic minocycline in an experimental model of PD. The associative 

learning abilities of Bombus impatiens bumblebees were assessed in PD-induced models with 

and without antibiotic treatment to assess the neuroprotective properties of minocycline. 

Associative learning is a common technique for measuring levels of cognitive functioning, a 

significant feature of PD disease progression (Kruschke, 2001; Mirwan, 2014; Timmann et al., 

2010). Decreasing associative learning ability is a known result of brain injury and 

neurodegeneration, including that caused by PD (Dineley, Hogan, Zhang, & Taglialatela, 2007).  

Paraquat. Paraquat (PQ) is the most highly acutely toxic herbicides in use, and is one of the 

most widely used form of commercial and domestic weed control around the world (Watts, 

2011). Though effective, the dangers of this herbicide lie in its non-selective nature. PQ is not 

only toxic to the green plants, it is also highly toxic to humans and other animals. Acting as a 

pro-oxidant, this toxin affects the central nervous system by producing oxygen derivatives, or 

“reactive oxygen species” that disrupt dopaminergic cell function resulting in cell death (along 

with other neuronal cell types) (McCormack et al., 2005). Because PQ toxicity causes the death 

of the neurons in the substantia nigra that produce dopamine, the administration of this herbicide 

leads to the development of symptoms that mimic those of PD in experimental models.  

Minocycline. The antibiotic minocycline (MC) has been shown to have strong neuroprotective 

properties and to inhibit the effects of neurotoxins similar to PQ that cause dopaminergic cell 

loss.  MC’s ability to cross the blood-brain barrier allows it to directly affect damaged or affected 

neurons in the brain. MC is often used for the treatment of inflammatory conditions, and is able 

to combat the neuroinflammation caused by oxidative stress in brain cells. This antibiotic has 



 

FINDING A CURE FOR PARKINSON’S DISEASE                5 

shown promise as a neuroprotective agent in a variety of experimental models including diseases 

of the central nervous system, Alzheimer’s disease, Huntington’s disease, and Parkinson’s 

disease (Plane et al., 2010.) 

Associative Learning and Operant Conditioning. Associative learning, or operant 

conditioning, is learning or conditioning in which a subject forms an association between two 

distinct stimuli, or a specific behavior and a certain stimulus, that occur together, or one as a 

result of the other. Unlike classical, or Pavlovian conditioning, which results in an unintentional 

response due to a subconscious association with a stimulus, associative learning is demonstrated 

by a conscious behavior in response to the conditioned stimulus. Past studies have shown the 

strong associative abilities and long term memory capabilities of some insects, including 

Drosophila fruit flies and bumblebees (Mirwan, 2004). In this study associative learning was 

used to test for the presence of cognitive deficits in bumblebees after exposure to PQ by 

determining task completion ability after associative learning, or operant conditioning.  

Methods 

Subjects. Due to their proven associative learning ability, Bombus impatiens bumblebees were 

used in this study. Three wild-caught hives of  bumblebees were purchased from a private farm 

in Olympia, Washington. Bees ranged in age from larvae to 6 weeks. Only female nurse bees 

were included in the subject pool, while queens and male worker bees were extracted and housed 

separately for breeding. All subjects were tagged weekly for age to account for new hatchlings.  

Apparatus. Each 8X5 inch conditioning enclosure was constructed in the lab using plywood, 

cardboard sheeting, and reinforced colored cardstock. Each enclosure contained a divided floor 

consisting of a single solid color covering half of the floor, and a second color covering the other 

half, shown in Figure 1. One hole was drilled into each colored side of the enclosure to hold 
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glass feeding and compound administration pipettes. A glass lid was used on each enclosure to 

allow for observation and testing. 

Procedure. Prior to associative learning assessments, compound dosing experiments were 

conducted to determine sublethal concentrations of PQ solutions that resulted in noticeable 

cognitive impairment. Groups of 60-80 age-matched bees were separated into four treatment 

groups of  9-12 bees (adjusted for subject mortality); control, 500 μm PQ, 750 μm MC, 500 μm 

PQ + 750 μm MC. Each group was dosed in a neutral colored enclosure for three days with no 

associative learning measures before being moved to conditioning enclosures for two days. The 

conditioned color was determined prior to transfer into conditioning enclosure and varied with 

each trial to control for possible affinity or aversion to any particular colors. Each trial group of 

bees was conditioned to associate different colors with a sucrose solution reward. Colors 

spanning the visible spectrum of bees (300-600 nm) including yellow, orange, green, blue and 

purple were used in the conditioning and testing enclosures. To develop a positive association 

between a specific color and food reward, a feeding tube containing sucrose solution was 

inserted into the target conditioning color side of the enclosure, while a feeding tube containing 

only distilled water was inserted into the non-conditioning side. After two days in the 

conditioning enclosures, subjects were moved to identical testing enclosures containing only 

distilled water, no sucrose solution, in each feeding tube. The number of subjects on each side of 

the enclosure were recorded at 0, 1, 2, and 3 minutes.   

Results 

 To test whether administration of minocycline reduced the negative cognitive effects of 

paraquat, a two-way mixed Analysis of Variance (ANOVA) was run with minocycline 

administration as a between subject factor with two levels (paraquat only and paraquat + 
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minocycline), and time of observation with four levels (0, 1, 2, and 3 minutes). The main effect 

of time was not significant, F (3,24) = 2.03, p =  <  .05, η2  = .170, the interaction between time 

and MC also was not significant, F (3,24) = 1.78, p =  <  .05, η2  = .151. Most importantly, bees 

receiving MC spent significantly more time on the conditioned color side than the bees in the PQ 

only treatment groups, F (1,8) = 8.91, p < .017, η2  = .938. Paraquat exposure decreased 

associative learning ability and cognitive functioning in Bombus impatiens. PQ decreased 

cognitive function and MC was shown to have significant neuroprotective effects. The PQ 

experimental group performed much worse than the controls, and formed no association between 

the conditioned color and the sucrose reward (Figure 3). The MC + PQ groups showed 

comparable associative learning ability to the PQ groups, which suggests a neuroprotective effect 

of MC (Figure 3).  

Discussion 

 These findings suggest that paraquat toxicity results in Parkinson’s-like cognitive decline 

in Bombus impatiens bumblebees, and the antibiotic minocycline has neuroprotective properties 

that lessen the severity, and prevent the development of these cognitive symptoms. MC 

prevented the loss of dopaminergic neurons, thus preventing cognitive decline indicative of PD 

disease progression. The PQ treatment groups showed significantly lower associative learning 

ability than the control groups, MC only treatment groups, and the MC + PQ treatment groups. 

The success of MC in the prevention of PD symptoms holds great promise for the development 

of effective treatments for neurodegenerative diseases in the future.  

Implication for Parkinson’s Disease 

 The findings of the current study are consistent with the possibility of preventative 

treatments for PD. Protective compounds with the ability to combat the effects, and slow the 
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progression of neurodegeneration are a reality. Though the confirmation of preventative 

treatments is a significant move in the direction of curing PD, the efficacy of these treatments 

depends on the time of administration. Though numerous studies have determined the success of 

neuroprotective treatments in experimental models PD, these treatments have been unsuccessful 

in human patients with this disease (Olanow, 2009). The inability of these neuroprotective agents 

to halt disease progression in PD patients is due to the difficulties of early detection. 

Unfortunately, unless these treatments are administered very early in disease progression, long 

before the brain has reached its neuroplastic threshold, neuroprotective agents are no more 

effective than the current palliative PD medications. Because the brain is unable to regenerate 

neurons, and diagnosis typically occurs after motor symptom onset when the brain has surpassed 

its neuroplastic threshold, preventing the further death of dopaminergic neurons does not have 

curative effects. Neurodegenerative conditions are complex and mysterious in many ways. One 

mystery lies in the cause and symptoms of neurodegeneration, causing great difficulty for 

developing early detection methods.  

Challenges of Early Detection 

The main difficulty of early detection lies in the brain’s incredible neuroplastic 

capabilities and the variable nature of PD symptoms. Neuroplasticity is the brain’s ability to 

reorganize and reform neural connections to compensate for damage. Neurons have the ability to 

adjust their activities and assume the functions of damaged or lost cells to reestablish 

connections that have been disrupted or severed. The threshold for the compensatory ability of 

neuroplasticity is remarkably high; the percentage of cell death that must occur in any one 

functional area to noticeably disrupt normal functioning is significant. The threshold for 

manageable damage in PD is between 50-70% damage (Cheng, Ulane, & Burke, 2010; Morairty, 
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2013). This means that more than half of the cells that constitute the substantia nigra can be 

destroyed before clinically noticeable motor symptoms appear. Once these motor symptoms do 

appear, the brain has reached its neuroplastic threshold. Though the brain is able to withstand 

substantial damage and maintain function, there are limits to neuroplasticity.  

The progression of neurodegeneration is initially gradual but constant. From the moment 

the first brain cell dies from PD, approximately 10 years will pass before obvious and 

diagnosable motor symptoms present. Since the majority of cell death takes place prior to motor 

symptoms onset, developing preventative treatments relies on finding a definitive diagnostic 

method for early detection before motor symptoms signal that it is too late. Because the majority 

of brain damage occurs long before a person exhibits symptoms, little can be done in terms of 

treatment after motor symptoms do present, and no curative measures can be taken once the 

disease has passed the threshold of neuroplasticity. Additionally, because of the delicacy of 

neurochemical balances passed the threshold of neuroplasticity, unless intervention is performed 

very early in disease progression (long before typical point of diagnosis), the process of cell 

death is unstoppable. The future of neurodegenerative disease treatment must focus on curing 

PD, not simply masking symptoms and delaying inevitable degeneration.  

Additional difficulties are presented due to the similarities between early symptoms of 

PD and normal signs of aging. Characteristic signs of aging, including memory decline, loss of 

energy, vision impairments, difficulty making decisions, and increased difficulty performing 

physical activities, all also appear as a result of neurodegeneration in the early stages of PD. The 

presence of these symptoms, if unaccompanied by neurological symptoms, go unrecognized as 

early disease warning signs until obvious motor symptoms present. 
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Currently, the only diagnostic test for any neurodegenerative disease that can be 

performed antemortem is the Huntington’s disease blood test. Alzheimer’s disease and 

Parkinson’s disease can only be confirmed by a postmortem examination of the brain. For PD 

patients, Lewy bodies are abnormal groupings of α-synuclein proteins that form inside neuronal 

cell bodies (Gibb, 1988). These masses can be identified through an autopsy, but at this point, 

confirmation is only important for research purposes, and provides no benefit to the afflicted 

individual or their loved ones. A current major goal of PD research is to find an effective 

screening method for early detection, but only speculative hypotheses have been made. 

However, there may be some possibilities of adapting existing diagnostic methods for other 

conditions for use in detecting PD, and of using our understanding of premorbid symptoms to 

develop new early detection methods. 

Potential Early Detection Methods 

 Although in the early stages of development, some proposed methods for early detection 

of neurodegeneration have shown promise. The most propitious of these methods are described 

below.  

Recognizing premorbid non-motor symptoms. Though many of the most promising 

forms of early detection rely on technological methodologies, simply recognizing predictive 

cognitive and psychological symptoms as premorbid to motor symptom onset could prove 

effective for detecting the early stages of neurodegeneration.  

Affective symptoms. Though the field of neurodegenerative disease diagnostics holds 

much promise, an unemployed means to early detection of PD already exists. The cognitive and 

affective symptoms of PD are widely accepted within the medical and research communities, but 

their implications for use in detection of PD before motor symptom onset remains largely 
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overlooked. The majority of people suffering from PD report experiencing  affective, particularly 

depressive, symptoms throughout the course of their disease (Nilsson et al., 2001; Shiba et al., 

2000). In fact, studies have shown that there is a strong correlation between PD diagnosis and 

diagnosis of depressive or anxiety disorders five, ten, and twenty years prior (Shiba et al., 2000). 

Individuals who had been diagnosed with PD were two to two and a half times more likely to 

have either been diagnosed with, or experienced symptoms of depression within the last 20 

years, with particularly strong correlation within the last five to ten years before motor 

symptoms. Additional research suggests that being diagnosed with a new affective disorder after 

the age of 45 doubles your risk for a PD diagnosis within the next decade. (Shiba et al., 2000, 

Nilsson et al., 2001). Due to strong similarities in presentation, depression occurring as a 

premorbid symptom of PD is often misdiagnosed as major depressive disorder. As a result, 

Parkinsonian depression of often mistaken for a case of a depressive disorder occurring 

comorbidly with PD, not as a symptom of PD. After PD diagnosis, many patients report having 

experienced mild to severe depressive symptoms years before the onset of their first motor 

symptoms.  

Cognitive symptoms. Changes in cognition are difficult to recognize, and often go 

undetected. Even when cognitive decline is detected, it is often considered a normal sign of 

aging, and is overlooked as a possible symptom of a greater health problem. Constituting the 

least obvious set of PD symptoms, determining their prevalence can be difficult. However, 

studies have shown that damage to dopamine producing regions of the brain due to traumatic 

injury results in difficulties with memory formation and retrieval, decision making abilities, and 

other higher order processing skills (Nazem et al., 2009). Though the brain damage caused by 

PD is not the same as damage caused by traumatic injury, it is brain damage nonetheless. Once 
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the progression of neurodegeneration has moved beyond the SN and motor areas, areas higher in 

the cortex like the hippocampus, frontal lobe and its prefrontal cortex (PFC) also become 

affected (Cheng, Ulane, & Burke, 2010). The PFC is the main decision making and impulse 

control center in the brain. The frontal lobe plays a large role in logic and reasoning. Not only are 

there regulatory dopamine pathways in the SN and the motor cortex, these pathways also appear 

in the frontal lobe and the PFC. Even before neurodegeneration reaches beyond the lower cortex, 

the frontal lobe functioning is disrupted. Since dopamine is produced in the SN, as it degenerates 

and loses dopamine neurons in its motor pathways, the rest of the brain is also losing its supply 

of this highly necessary neurotransmitter. Without dopamine to regulate function, the PFC also 

begins to have difficulties with proper functioning.  

At this stage in progression, the hippocampus, the area of the brain responsible for 

memory formation, storage, and retrieval begins to be affected. Now, people with PD experience 

difficulty forming new long term memories and retrieving already stored memories. This 

memory loss is not as severe as in patients with Alzheimer’s disease, but it is a significant part of 

the cognitive decline PD patients experience. As difficulties with memory begin, the PFC is also 

experiencing its own dysfunctions. People with PD often have difficulty with decision making, 

and logic and reasoning skills. Basic higher order functioning skills like making a decision and 

acting on it can be very difficult without proper PFC functioning (Nazem et al., 2009). Many of 

the questionable, impulsive decisions made by young people are often blamed on the PFC and its 

lack of development (Bechara & Van der Linden, 2005). Similarly, while impulse control does 

not seem to be a large problem specifically, individuals with PD often have trouble with decision 

making and a difficulty processing, or being influenced by logic and reasoning. This may also be 

used to support the presence of delusional thinking in PD patients. Because of the normal 
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cognitive decline often associated with older age, and 96% PD diagnoses are made after the age 

of 60, most memory, reasoning, or decision making difficulties are not regarded as anything 

other than part of the natural aging process (Van Den Eeden et al., 2003). 

Because these affective and cognitive non-motor symptoms often present up to a decade 

before diagnosis, developing screening methods for recognizing them as early pre-motor 

symptoms of PD could be invaluable to diagnosis early enough for treatments to be effective.  

Sleep disturbances. Though they may appear to be minor in the scheme of PD symptoms, 

chronic disruption of sleep can be one of the most debilitating aspects of the disease. One of the 

first things physicians check for when presented with a potential case of PD are sleep 

disturbances. These disturbances range from a slight difficulty falling asleep or waking up to 

severe insomnia, or sleep apnea, and in most cases, excessive daytime sleepiness that can result 

in difficulties staying awake during the day. This can have highly dangerous consequences in 

daily life when driving, working in certain professions and cooking. These disturbances are also 

caused by the loss of dopamine neurons, as well as serotonin and melatonin deficiencies. 

Problems with sleep are reported by 93% of PD patients (Lees, Blackburn, & Campbell, 1988). 

Because they are so common, they provide an intriguing thread for PD researchers to study. In 

fact, a specific sleep disorder has a unique and unprecedented correlation with future PD 

diagnosis, and is a point of great interest in the study of PD.  

R.E.M behavior disorder. R.E.M behavior disorder (RBD), a condition that inhibits sleep 

paralysis during R.E.M. sleep, resulting in the acting out of dreams, has been shown to be 

strongly linked to Parkinson’s. Though relatively uncommon and often undiagnosed in people 

who live alone, RBD is predictive of PD. Studies have shown that, while not every Parkinson’s 

patient has been diagnosed with RBD, more than 83% of people with RBD are later diagnosed 
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with PD (Mahowald, Boeve, & Schneck, 2013). As it is the only predictive link between a 

cognitive or psychological disorder and a neurodegenerative disease, this strong positive 

correlation is incredibly valuable evidence of the presence of premorbid symptoms. This is the 

best indication of predictive symptoms for any neurodegenerative disorder. As RBD is 

essentially a biomarker itself for PD development, meaning that it is a genetic or biological risk 

factor, it has serious implications in the discovery of a genetic biomarker. The identification of a 

reliable genetic biomarker would allow for the development of screening tests for early diagnosis 

of PD.  

Genetic biomarkers. A genetic biomarker is the most coveted of all diagnostic tests. 

This allows a physician or researcher to take a small sample of someone’s DNA, and look for the 

presence of a particular gene known to either cause, or be correlated with a particular condition. 

These exist for certain diseases, like Huntington’s, that have obvious genetic components. 

Though the technology exists for analyzing DNA and isolating specific genes, the hurdle for its 

application to PD is the identification of a genetic component to the disease (Morairty, 2013). 

Currently, there is no evidence of PD being hereditary, or gene dependent in any way (Alves et 

al., 2008). Herein lies the significance of the correlation between RBD and PD. Researchers now 

have another concordant condition with which to cross reference abnormal genes or gene 

sequences that occur consistently across all people with either condition. Most of the effort in 

diagnostic research is centered around the detection of a genetic biomarker for PD, and if one is 

found, screening for PD will be as simple as getting a blood test. 

PET-ligand scanning. The use of PET scanning has been applied in the detection of a 

wide variety of diseases from cancer to heart disease. This imaging technique works by using 

special dyes to stain abnormal cells, like cancer cells, in the body so they can be detected by x-
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ray photography. There are different types of dyes that contain specific ligands, or markers 

designed to adhere exclusively to a certain type of cells. Currently, while plenty of dyes can be 

used throughout most of the body, none are safe to use in the highly sensitive brain. Because the 

cells of interest in PD detection, Lewy bodies, only develop in the brain, PET-ligand scanning 

cannot be used for diagnosis. If a non-neurotoxic, but still effectively cell binding dye was 

developed, it would be a major breakthrough in the detection of neurodegenerative diseases.  

Typing detection assay. Though in the early stages of testing, a new technology 

developed by the Madrid-MIT M+Vision Consortium in 2015 has shown promising results in 

detecting the early stages of PD through a computer algorithm that analyzes typing patterns for 

indications of motor skill deficits. When the program is running, an algorithm analyzes typing 

patterns for signs of fatigue, hesitation, and how long a key is pressed before it is released. 

Essentially, researchers designed this program to detect signs of aging, as they are very similar to 

the early signs of PD. Preliminary results show that the algorithm is successful at distinguishing 

between healthy individuals and those with PD. If these findings can be replicated and validated 

by further experimental studies, this could be developed into an easy and reliable early 

diagnostic test. 

Conclusion 

The key to effective preventative treatments and finding a cure for Parkinson’s disease is 

developing reliable screening methods for early detection of disease onset. The results of the 

current study are concurrent with numerous others that support the possibility for preventative 

neuroprotective treatments for PD. When administered in very early stages of disease 

progression, the antibiotic minocycline attenuated the neurotoxic effects of paraquat and 

preserved cognitive function and associative learning ability in bumblebee models of PD. 
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Today’s research is predominantly focused on addressing the motor symptoms of PD, while 

recognition of predictive cognitive and psychological symptoms, and other methods for early 

detection remain largely unexplored. Parkinson’s researchers are typically physicians, 

neuroscientists, and biologists by trade, and their approach to the study of PD typically falls 

within the scope of their field. That is to say, psychology is largely left out of the discussion. 

While the fields of neuroscience and psychology are often closely related, in the case of studying 

PD, neuroscientists have shifted their focus to the biological mechanisms behind the 

development and progression of PD, and this research in turn is used to inform complementary 

studies on motor symptoms, ignoring potentially predictive cognitive and psychological 

symptoms. Of course, researchers themselves aren’t entirely at fault for the narrow focus of rPD 

research. The vast majority of noteworthy scientific research centered around the greatest 

sources of funding; scientists invest their research efforts where people invest their money.  

The importance of detecting neurodegeneration before motor symptom onset must be 

understood before true progress towards curing this disease can be made. There is strong 

evidence that neuroprotective agents can be effective in slowing and preventing the progression 

of PD symptoms, but their success is inextricably linked to time of administration relative to time 

of disease onset. While motor symptoms should not be ignored, in order to move closer to curing 

this disease, more research efforts must be placed on identifying predictive factors and 

developing preventative treatments.  
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Figure 1. Conditioning enclosure, one half containing sucrose solution and the other containing 

DI water. 
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Figure 2. Proportion of bees in paraquat (PQ) treatment group and minocycline + paraquat 

treatment group (PQ + MC) on conditioned color side of enclosure at 0, 1, 2, and 3 minutes. 
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Figure 3. Proportion of bees in control (sucrose only) treatment group, minocycline + paraquat 

treatment group (PQ + MC), and paraquat only (PQ) on conditioned color side of enclosure at 0, 

1, 2, and 3 minutes. 
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