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Abstract: Bipolar Disorder (BD), a chronic mental illness, does not have an ideal treatment, and
patients with BD have a higher chance of being diagnosed with alcohol abuse, liver disease, and
diabetes. The goal of treatment is to prevent a relapse in BD episodes and find a new treatment. The
research here looks at the genetics of BD and ignores environmental factors, as they are subjective.
Therapy treats known environmental triggers and stressors and explores methods to reduce them.
However, therapy alone cannot fully alleviate the symptoms of BD. My research employs text-mining
as a primary strategy to obtain relevant genes and drugs pertaining to BD. The main gene involved is
the Brain-Derived Neurotrophic Factor (BDNF). Popular drugs currently used for treatment of BD are
Lithium and Carbamazepine. Using CMapPy to look at gene expression data, one sees a relationship
between the two drug therapies and BDNF. Lithium fails to treat mania and Carbamazepine fails
to treat depression, relatively speaking. When comparing gene expression data of Lithium and
Carbamazepine with Ketamine, a newer therapy for BD, Ketamine, raises the BDNF level, keeps
it elevated, and effectively controls BD episodes. Ketamine does not have the shortcomings that
Lithium and Carbamazepine have. Next steps would include conducting a clinical trial with the
hopeful application of Ketamine as a new treatment for BD.

Keywords: bipolar disorder; drug repositioning; text-mining; Wnt; BDNF; genetics; ketamine;
lithium; carbamazepine

1. Introduction

Bipolar disorder, which affects 1 in 100 people, does not currently have any therapies
that prevent relapses in patients’ symptoms [1–3]. BD swings a person’s mood as a person
enters a depressive episode, a state in which one becomes lethargic and can be suicidal, un-
able to get out of bed to do something, to a manic episode, where one acts impulsively and
unwillingly moves constantly, with time in between episodes. This inconsistent, uncontrol-
lable lifestyle needs proper treatment to alleviate the stress, pain, and to prevent relapses.
Current treatments do not prevent new episodes from occurring, and existing therapies
cannot identify new triggers. Additionally, BD patients tend to abuse alcohol, which can
lead to increased incidents of liver disease, often present in people with BD [4–6]. These
diseases can worsen the severity of the episodes and could lead to further complications.

The Wingless-related Integration Site (Wnt) is the pathway involved that causes
episodes [7,8]. Dysregulation of the Wnt signaling pathway is caused by a mutation in the
Brain Derived Neurotrophic Factor (BDNF) gene [9]. Due to the mutation, as the pathway
moves forward, the b-catenin protein becomes downregulated, leading to downregulated
gene transcription in the DNA, causing the antidepressant effect (when someone goes into
a manic or depressive state—one of their episodes) (Figure 1).
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Figure 1. Diagram of the Wingless-related integration site as it functions in a person with Bipolar 
Disorder. The genes mentioned are Frizzled homolog 7 (FZD7), Glycogen Synthase Kinase 3 Beta 
(GSK3B), Beta Catenin (B-catenin), T-cell factor/lymphoid enhancer factor (TCF/LEF), Brain-Derived 
Neurotrophic Factor (BDNF), Phosphoinositide 3-kinases (P13K), phosphoinositide 3 kinase (PIP3), 
Protein kinase B (Akt). The diagram illustrates how, starting with the BDNF gene, the pathway 
functions, eventually leading to the antidepressant effect in people. 

There are some major flaws with current drug treatments (Table 1). Although they 
treat some aspects of BD, drugs do not treat all aspects. The drug predominantly used, 
Lithium, does not target manic episodes nor rapid cycling (switching from manic to de-
pressive episodes without a gap). Carbamazepine, despite targeting the manic episodes, 
also does not alleviate rapid cycling. In addition, drugs do not always work with depres-
sive states despite being the therapy’s target. 

Table 1. Drugs currently used to treat Bipolar Disorder are classified to look at their functions, flaws, 
effectiveness, etc. This was completed before receiving data from the text-mining and organizing 
them (Table 2), in which the drugs found were based on manual research in PubMed. 

Name of Drug Flaws of Drug Effectiveness with Depressive Episodes 

Lithium Lots of bloodwork, unknown consequences, unpleasant side ef-
fects, can cause diabetes, weight gain Works well 

Olanzapine Difficulty walking, seizures, weight gain, unusual behavior Works moderately well 

Quetiapine Pain, loss of coordination, unusual dreams, excessive weight 
gain, difficulty speaking/concentrating Works well 

Risperidone Vision issues, anxiety, weight gain, stomach pain, fever, diffi-
culty breathing, irregular pulse Works well 

Carbamazepine Dizziness, balance issues Works moderately well 

Aripiprazole Pain, tiredness, nervousness, dizziness, seizures, tightening of 
muscles Works well 

Table 2. Number of times specific genes have been represented in relationship with Bipolar Disor-
der. After receiving data from the code, the data were organized, and then validated. 

Gene Name Occurrence 
BDNF 224 
COMT 136 

CACNA1C 130 
DISC1 112 
ANK3 86 
DRD2 63 
NRG1 57 
DRD4 56 

SLC6A4 49 
CLOCK 45 

Drugs also have side effects (e.g., seizures, memory loss, ambulatory and balance 
issues, etc.) which can lead to worsened BD episodes or symptoms. Therapy treatments, 
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Protein kinase B (Akt). The diagram illustrates how, starting with the BDNF gene, the pathway
functions, eventually leading to the antidepressant effect in people.

There are some major flaws with current drug treatments (Table 1). Although they treat
some aspects of BD, drugs do not treat all aspects. The drug predominantly used, Lithium,
does not target manic episodes nor rapid cycling (switching from manic to depressive
episodes without a gap). Carbamazepine, despite targeting the manic episodes, also does
not alleviate rapid cycling. In addition, drugs do not always work with depressive states
despite being the therapy’s target.

Table 1. Drugs currently used to treat Bipolar Disorder are classified to look at their functions, flaws,
effectiveness, etc. This was completed before receiving data from the text-mining and organizing
them (Table 2), in which the drugs found were based on manual research in PubMed.

Name of Drug Flaws of Drug Effectiveness with
Depressive Episodes

Lithium
Lots of bloodwork, unknown
consequences, unpleasant side effects,
can cause diabetes, weight gain

Works well

Olanzapine Difficulty walking, seizures, weight
gain, unusual behavior Works moderately well

Quetiapine
Pain, loss of coordination, unusual
dreams, excessive weight gain,
difficulty speaking/concentrating

Works well

Risperidone
Vision issues, anxiety, weight gain,
stomach pain, fever, difficulty
breathing, irregular pulse

Works well

Carbamazepine Dizziness, balance issues Works moderately well

Aripiprazole
Pain, tiredness, nervousness,
dizziness, seizures, tightening
of muscles

Works well

Drugs also have side effects (e.g., seizures, memory loss, ambulatory and balance
issues, etc.) which can lead to worsened BD episodes or symptoms. Therapy treatments,
despite their efforts to give patients coping mechanisms and ways to deal with stress, fail
to identify any new triggers. They only focus on known triggers and ways to calm down
patients. Clearly, the commonly used drug treatments are not effective, despite being a
common disorder.
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Table 2. Number of times specific genes have been represented in relationship with Bipolar Disorder.
After receiving data from the code, the data were organized, and then validated.

Gene Name Occurrence

BDNF 224
COMT 136

CACNA1C 130
DISC1 112
ANK3 86
DRD2 63
NRG1 57
DRD4 56

SLC6A4 49
CLOCK 45

2. Materials and Methods
2.1. Text Mining for Genes and Drugs

Current drug therapies only control symptoms of Bipolar Disorder and do not affect
the actual genes that bring about BD in the first place. Both the genes that cause BD and
the drug therapies that treat it need to be catalogued. To extract the information needed
from PubMed, text-mining code was written in Python and divided into two routines; one
generates a list of genes involved with BD and the other generates a list of drugs that have
been researched as treatment options for BD. The process worked thus: using Python, the
text-mining code created two separate routines. The first routine generated a list of abstract
IDs (e.g., 34249777, 34207921, 34207460). For genes, the search term ‘Bipolar Disorder Genes’
was used and for drugs, the search term ‘Bipolar Disorder Drugs’ was used.

The second routine extracted information. A given list (in text file format) was used
as a reference to all necessary genes and drugs that are worthwhile to look at. This was
taken from the HGNB and DGIDb. In doing so, two databases became references and the
program searches for all those terms within the abstracts. In each abstract in which text
mining was conducted, the punctuation was removed such that each word was its own
separate entity, then searched for any of the terms in the given database (the genes for the
gene program and the drugs for the drug program). The output was written to a separate
text file. After organizing the data received, the most significant genes and drugs were
obtained. These were validated by reading various literature regarding the genes. Since
only the top 10 genes needed to be received, literature was read to ensure that the specific
gene was directly related to Bipolar Disorder, in a way that affects the disease.

Libraries used to put together the programs were the pandas, NumPy, metapub, and
Eutils libraries. Using the MetaPub library, the PubMedFetcher was imported and a variable
was set to hold both the search query and the number of search results to be analyzed; in
this case, 1,000,000 results were to be analyzed for the queries “bipolar disorder drugs” and
“bipolar disorder genes.” This allowed the code to analyze the material from the abstracts
(which was separated earlier by obtaining the abstract IDs) using the metapub library.
Then, it was written to a new file in which it compiled all the genes or drugs that have been
mentioned. These results were then sorted using Excel.

If other scientists were to conduct similar experiments, they would have almost
identical results, with varying factors including search terms, and more varying results
looked at. Because of this and other factors, the specific way the code is written can vary, in
addition to there being slightly different ways to achieve the same goal.

2.2. Using CMapPy to Obtain Gene Expression Data

In order to find new treatment, gene expression data were used to compare how drugs
affect a specific gene. After putting all the data together, the drug expressing the gene that
is highest for a BD patient would become the selected drug for a new treatment.
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After getting information from the previous programs and organizing and validating
the data, the next steps were to relate the genes and the drugs and gene expression data.
Using the data, one can look at current treatments along with possible new ones to identify
the best possible treatment options for BD patients.

CMapPy is a library that allows Python programmers to look at specific file types and
obtain data from them. By using this library, it is possible to compare data to determine
which drugs would work best to treat the significant gene involved, in this case, BDNF.
Using online tutorials from GitHub, it is possible to compile a list of necessary files and
look at the data one has. As mentioned earlier, code will vary, and it is imperative that one
has the files and follows tutorials as needed.

Parsing through the CMapPy files resulted in obtaining the effects on the genes
associated with Bipolar Disorder. To find a new, acceptable treatment, gene expression data
for both current and possible treatments allowed us to compare them to select the best.

3. Results
3.1. Genes That Cause Bipolar Disorder

After running the first program to obtain the list of Abstract IDs and running the
second program, the list of genes was compiled. Then, after organizing the data, the top
ten genes, after validation, were the genes most associated with BD. The Brain-Derived
Neurotrophic Factor was the most common one that was shown, followed by the Catechol-
O-Methyltransferase (Table 2).

As shown by Table 2, BDNF is the gene most commonly referenced in relation to
Bipolar Disorder.

3.2. Drugs Currently Used to Treat Bipolar Disorder

After organizing results from the text-mining genes, the same process was completed
for the drugs; however, the computing code was altered slightly to fit new parameters.
After organizing all the data once both programs were complete, the top ten drugs were
chosen and validated as the most common current drug treatments to look at. Lithium was
by far the most common drug used in treatment, followed by Carbamazepine (Table 3).

Table 3. The number of times specific drugs have been represented in relationship with Bipolar
Disorder. After receiving data from the code, the data were organized, and then validated as treatment
options currently used.

Drug Name Occurrence

Lithium 1442
Carbamazepine 488

Quetiapine 347
Lamotrigine 342
Risperidone 267
Aripiprazole 220

Clozapine 169
Haloperidol 152
Ziprasidone 111
Topiramate 93

As shown by Table 3, Lithium and Carbamazepine are the drugs most commonly
referenced drugs in relation to Bipolar Disorder.

3.3. Which New Drug Would Work Best

Once the data were organized, the gene expression data helped to identify a drug
therapy that would result in optimal treatment. The table shows how well the drugs are
based on the gene expression data, allowing identification of a drug that would work best
after validation, which was found to be Ketamine (Table 4).
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Table 4. Effectiveness of drug treatments based on Gene Expression Data. Data received from
CMapPy and validated with research. BDNF is the Brain-Derived Neurotrophic Factor.

Name of Drug Effectiveness to Treat Bipolar Based
on Gene Expression (BDNF) Magnitude on Scale of 1–10

Lithium Raises BDNF, but there are some flaws 6

Carbamazepine Simply attempts to prevent abnormal
levels of BDNF, there are flaws 5

Ketamine Raises BDNF, research seems promising 8

When looking at the gene expression data, they were then expressed in terms magni-
tude, on scale 1–10, with Ketamine having the largest magnitude, showing that it would
express the BDNF gene the greatest.

4. Discussion

Genes such as Dopamine Receptor D2 and Dopamine Receptor D4 are involved in
chemicals and other parts that affect Bipolar Disorder. The Brain-Derived Neurotrophic
Factor (BDNF) is the most common gene mentioned (Table 2). It helps with the survival
and growth of neurons, neuroplasticity, communication, and memory [10,11]. BDNF affects
Bipolar patients as there is a negative correlation between the severity of the episodes and
the levels of BDNF [9,12]. The correlation expresses the key reason as to why the BDNF
gene needs to be looked at. The takeaway from these first results is that the gene to be
looking at for the remainder of the research is the BDNF gene.

Although Lithium is the chief drug used in modern-day treatment for BD, the drug
has serious flaws as there is not much known about it. In addition, Lithium, despite being
able to treat depression and acute mania, fails to treat intense mania and rapid cycling [13].
Additionally, taking Lithium everyday can lead to Lithium poisoning [14].

Looking at the second item on the list, Carbamazepine, it also has shortcomings as
a treatment for BD. Carbamazepine does not work well with rapid cycling and does not
target all parts of Bipolar [15]. The takeaway here is to look at Carbamazepine and Lithium,
the genes that came up the most, and to relate them to BDNF.

Lithium and Carbamazepine are drugs that raise BDNF levels but fail to keep them
constant. For Lithium, there are flaws as it does not control all aspects of BD—only the
depressive and some manic symptoms. With Carbamazepine, it does not really raise the
levels, it only prevents abnormal levels. In conclusion, both drugs work, but they do not
seem to work as well as Ketamine would. In addition, new research supports the idea of
having Ketamine as a treatment option for BD. Using the numbers received, the numbers
were fitted to a scale of 1–10 so that it would be easier to understand and make sense of to
determine which drug works best. The drugs looked at in this scenario are the ones most
used for Bipolar treatment, as found by reading literature and using the found results from
the text mining.

5. Conclusions

Based on data, Ketamine appears to be a more promising therapy, as it overcomes the
shortcomings with previous treatments which fail to target all aspects of Bipolar Disorder
and side effects leading to worsened episodes in certain cases.

Ketamine does not have any of the issues that other therapies present, despite their
side effects of nausea. Ketamine raises BDNF levels and keeps them elevated, limiting any
further manic or depressive episodes (Figure 2).
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Figure 2. Diagram of the Wingless-related integration site as it functions in a person with Bipolar 
Disorder with Ketamine as a treatment. The mentioned genes and proteins are: Frizzled homolog 7 
(FZD7), Glycogen Synthase Kinase 3 Beta (GSK3B), Beta Catenin (B-catenin), T-cell factor/lymphoid 
enhancer factor (TCF/LEF), Brain-Derived Neurotrophic Factor (BDNF), Phosphoinositide 3-kinases 
(P13K), phosphoinositide 3 kinase (PIP3), Protein kinase B (Akt), AMPAR(α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor), and VDCC (Voltage-gated calcium channel). 

As shown in Figure 2, Ketamine would bring the BDNF levels back to normal, pre-
venting the mutation there, leading to a more normal B-catenin, preventing the antide-
pressant effect, and limiting chances of a relapse. Looking at the magnitude by which Ket-
amine raises BDNF, it is significantly higher than those of Lithium and Carbamazepine, 
which raise BDNF levels more as a by-product as they focus on abnormal activities in the 
brain (Table 1.) Ketamine raises BDNF levels by taking advantage of the resting-state func-
tional connectivity of the prefrontal cortex [16]. This is also closely related to the plasma 
levels, which end up raising the gene levels. By raising the levels, an increase in the pro-
duction of BDNF occurs, as seen in Figure 2. 

A future extension would be running a clinical trial on Bipolar Disorder patients to 
see the further uses of Ketamine and how it can be leveraged in treatment, allowing for 
new treatment applications as the idea is formed further and tested. 
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Figure 2. Diagram of the Wingless-related integration site as it functions in a person with Bipolar
Disorder with Ketamine as a treatment. The mentioned genes and proteins are: Frizzled homolog 7
(FZD7), Glycogen Synthase Kinase 3 Beta (GSK3B), Beta Catenin (B-catenin), T-cell factor/lymphoid
enhancer factor (TCF/LEF), Brain-Derived Neurotrophic Factor (BDNF), Phosphoinositide 3-kinases
(P13K), phosphoinositide 3 kinase (PIP3), Protein kinase B (Akt), AMPAR(α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor), and VDCC (Voltage-gated calcium channel).

As shown in Figure 2, Ketamine would bring the BDNF levels back to normal, prevent-
ing the mutation there, leading to a more normal B-catenin, preventing the antidepressant
effect, and limiting chances of a relapse. Looking at the magnitude by which Ketamine
raises BDNF, it is significantly higher than those of Lithium and Carbamazepine, which
raise BDNF levels more as a by-product as they focus on abnormal activities in the brain
(Table 1.) Ketamine raises BDNF levels by taking advantage of the resting-state functional
connectivity of the prefrontal cortex [16]. This is also closely related to the plasma levels,
which end up raising the gene levels. By raising the levels, an increase in the production of
BDNF occurs, as seen in Figure 2.

A future extension would be running a clinical trial on Bipolar Disorder patients to
see the further uses of Ketamine and how it can be leveraged in treatment, allowing for
new treatment applications as the idea is formed further and tested.
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