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Abstract  

Depression is a psychiatric condition characterized by symptoms affecting mood 

and the ability to complete daily tasks. Dr. Edward Khantzian’s self-medication 

hypothesis theory discussed how individuals use substances to manage dysphoria and 

other types of distress (Khantzian, 1997). Therefore, this study used two commonly 

abused drugs, alcohol and caffeine, in a depressed strain of rats, Wistar-Kyoto rats. Rats 

were assessed before and after treatment for common depressive symptoms of behavioral 

despair in the forced swim test (FST) and anhedonia in the saccharin preference tests. At 

2mg/kg of alcohol, we hypothesized that the Wistar-Kyoto rats would demonstrate 

shorter latency to despair and greater anhedonia. Our results showed that the rats 

displayed shorter latency to despair and greater anhedonia. On the other hand, we 

hypothesized that at 5mg/kg of caffeine, rats would show greater latency to despair and 

greater anhedonia. However, our results showed the rats displayed shorter latency to 

despair and greater anhedonia.  

Keywords: self-medication hypothesis theory, depression, anhedonia, behavioral 

despair, Wistar-Kyoto rats, alcohol, caffeine. 
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The Effects of Alcohol and Caffeine on Depressive Symptoms in Wistar-

Kyoto Rats 

1. Introduction 

There is a well-documented relationship between mood disorders and substance 

abuse. The National Comorbidity Survey (NCS) conducted in the 1980s and 1990s 

showed that the lifetime prevalence rate for any non-substance use psychological disorder 

was estimated to be 22.5% in comparison to alcohol abuse/dependence at13.5 percent and 

other drug abuse/dependence at 6.1% (Quello et al., 2005). Moreover, of those with a 

lifetime of major depression, 16.5% had an alcohol use disorder and 18% had a drug use 

disorder. Compared to those with no mood disorder, those with depression were twice as 

likely to have a substance use disorder. Many studies have illustrated the link between 

depression and drug abuse. Many scholars have addressed the comorbidities between 

mood disorders and misuse. 

Quello and colleagues asserted that genetics and the disorder fostering disorder 

theory could explain comorbidity. This theory explains that the effects of a mood disorder 

or a substance use disorder may increase the risk of the other. Furthermore, mood 

disorders will motivate individuals to resort to substances to alleviate their negative 

states. Both drug abuse and mood disorders have genetic risk factors. For example, those 

with a family history of misuse are more likely to have members with mood disorders 

and vice versa (Quello et al., 2005). However, there is a chance that some gene variants 

may contribute to the possibility of both forms of illnesses. With this, genes may 

influence how susceptible an individual is to such disorders. First, genes can make 

individuals more prone to mood disorders, so they attempt to self-medicate. Second, 
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genes can shape the brain that responds to the initial drug exposures, promoting abuse 

with the drugs then causing changes that cause mood disorders. Last, genes can cause the 

brain to develop to directly foster both kinds of disorders (Quello et al., 2005).    

1.1. The self-medication hypothesis theory 

Khantzian’s self-medication hypothesis theory mentioned that individuals use 

substances to manage dysphoria and other types of distress. Many individuals become 

addicted to opiates and other drugs due to the experiences felt by the drug. Many 

individuals have learned that the drug acts as a coping mechanism by relieving dysphoric 

states associated with depression (Tronnier, 2015). This theory can explain the 

comorbidity between major depression and substance use disorders. However, the body 

builds tolerance with independent substance use disorder (Turner et al., 2018). When 

Khantzian worked on this theory, it was derived primarily from the clinical observations 

of patients with substance use disorders. Moreover, the earlier self-medication hypothesis 

theory focused on heroin and cocaine (Khantzian, 1997). The effects of other drugs like 

alcohol and caffeine still needs to be examined. 

The self-medication hypothesis theory can also help address emotional and 

psychological dimensions of addictions, often overlooked in previous studies. 

Khanztian's clinical findings on reasons why some self-medicate are based on a modified 

version of the psychodynamic psychotherapeutic approach (Khantzian, 1997). Moreover, 

this approach gives better access to a patient's inner life. Alcohol and related drugs create 

an illusion of relief. They temporarily assuage feelings of isolation and emptiness that 

predispose to depression. On the other hand, stimulants act as augmentors for anxious or 
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hypomanic individuals. These may naturally appeal to de-energized individuals and those 

suffering from depression (Khantzian, 1997). 

1.2. Depression 

Depression, a psychiatric condition that causes symptoms affecting mood and the 

ability to complete daily tasks, is a common mental health disorder. Depression has a 

higher prevalence than other psychiatric disorders, and experts have reported that roughly 

16% of people will develop depression at some point in their lifetime (Wright et al., 

2020). In fact, a 2019 report showed that 18.5% of adults in the United States had 

symptoms of depression in the past two weeks. Moreover, adults ages 18-29 showed the 

highest prevalence of depressive symptoms, regardless of severity, contributing to 21% 

of the population (Villarroel and Terlizzi, 2020). The Diagnostic and Statistical Manual 

of Mental Disorders, Fourth Edition (DSM-IV) illustrates that experiencing five or more 

symptoms within a two-week period constitutes depression. Symptoms include but are 

not limited to depressed mood, anhedonia, and insomnia (Moreau, 2002). Moreover, 

depression is characterized by molecular and cellular alterations distributed across a 

circuit of neural substrates (Krishnan and Nestler, 2011). 

1.3. Neurological basis of depression 

Stress, a common factor for depression, interacts with an individual’s genetic 

composition to influence the risk of developing depression. Variations in genes called 

polymorphisms may increase the risk of depression (Aan het Rot et al., 2009). Humans 

typically have two copies of genes within their DNA. It could be either homozygous 

(long or short alleles) or heterozygous (one long and one short allele). The short allele 

slows down the serotonin transporter's synthesis. Research shows that this reduces the 
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speed at which serotonin neurons can adapt to changes in their stimulation (Aan het Rot 

et al., 2009).  Acute stressors can increase serotonin release, and polymorphism may 

impact one's sensitivity to stress. However, not everyone exposed to stress develops 

depression (Aan het Rot et al., 2009).  

Stress activates the hypothalamus and the hypothalamic-pituitary-adrenal axis 

(HPA), stimulating local synthesis and release of corticotrophin-releasing factor, a 

hormone involved in stress response. Besides this factor, studies have highlighted the 

revised monoamine hypothesis, which states that lowering serotonin levels may result in 

depression. However, this does not induce depression in all individuals. A depressive 

episode might alter the serotonin system, where individuals might become more 

vulnerable to future changes in serotonin levels. As it pertains to the neurobiological 

abnormalities that underlie brain atrophy in major depressive disorder, structural changes 

in those with major depressive disorder have been attributed to abnormalities in the HPA. 

The growth and survival of brain cells also involve the actions of glutamate (Aan het Rot 

et al., 2009). Normal glutamate signaling will include the activation of different types of 

receptors. Acute stressors increase synaptic glutamate neurotransmission, increase levels 

of brain-derived neurotrophic factors, and stimulate neuroplasticity. However, 

terminating the stressor will result in a return to a steady state (Aan het Rot et al., 2009).  

Chronic stress and excessive glutamate levels will lead to N-methyl-D-aspartic 

acid (NDMA) glutamate receptors activating outside the synapse. When NDMA 

receptors hyperactivate, the intracellular calcium increases to a level that will induce 

atrophy and cause cell death (Aan het Rot et al., 2009). Glial cells degenerating will help 

avoid the toxic buildup of glutamate released by neurons and accelerate this process. 
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Disruptions in the glutamate system will lead to hypoactivity of cortical brain regions. 

Those with depression may have reduced levels of glutamate and other proteins in the 

prefrontal cortex. Therefore, this shows that glutamate plays a role in major depressive 

disorder (Aan het Rot et al., 2009).   

1.4. Rodent models for depression 

Many rodent models have been used and expanded upon to understand the 

underlying mechanisms of depression. Often, the Sprague-Dawley rat has been used in 

scientific studies; however, one of the most prominent species used in depression studies 

is the Wistar-Kyoto rat (WKY). Nam and colleagues’ research findings indicate that 

WKY rats captures specific functional domains relevant to clinical depression. These 

include physiological dysfunction, psychomotor retardation, social withdrawal, 

behavioral inhibition, and learned helplessness (Nam et al.,2014). Moreover, the WKY 

rats exhibit altered neuroendocrine stress responses like an increase in plasma 

corticosterone and adrenocorticotropic hormone (ACTH) levels, which often resembles 

abnormalities common in depressed patients. 

1.5.Variables 

1.5.1. The Learned Helplessness Model 

The forced swim test (FST), a behavioral test for rodent models, was developed as 

a model for predicting the efficacy of antidepressants. However, throughout the years, it 

has been widely used to assess depressive-like behavior or symptoms in animal models, 

for example, rats. The test itself provokes neurochemical and endocrine alterations, which 

are used as stressors themselves (Bogdanova et al., 2013). FST assesses despair based on 

how a rodent reacts to an unpleasant stimulus or an environment. Animals and humans 
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develop helplessness during which they have repeatedly experienced aversive events 

(Bogdanova et al., 2013). Rats swim without the likelihood of escaping; however, once 

the rats stop immediately after the initial period of intense activity, they perform only the 

movements needed to keep their heads above the water (Belovicova et al.,2017). These 

movements are called immobility. The state of behavioral immobility is described as 

behavior despair, as in, the rats recognized that escaping is impossible, so they quit. If the 

rodent expresses a more depressive behavior, it will float without attempting to flee 

(Wang et al., 2017). Antidepressants reduce immobility time, which predicts 

antidepressant action. Moreover, when studies have examined immobility levels across 

different rat strains: Sprague–Dawley (SD), Wistar, Wistar-Kyoto (WKY), and 

Spontaneously Hypertensive (SHR), the WKY rats exhibited high levels of immobility in 

the FST and high baseline immobility in the FST. They were the only rat strain that 

illustrated increased immobility on day two compared to day one, indicating learned 

helplessness. 

1.5.2. Anhedonia 

Though the WKY rat is a commonly used model for depression, anhedonia is not 

fully assessed using this model (Wright et al., 2020). Anhedonia, a core symptom of 

depression, is defined as a decreased ability to experience pleasure from a positive 

stimulus or a reduced recollection of enjoyment previously experienced (Scheggi et al., 

2018). Although studied in humans and non-humans, rodents are the most studied 

species. Many tests have relied on preference for sweet solutions like sucrose or 

saccharin. This assumes that a lowered hedonic response to palatable flavors will be 

analogous to anhedonia (Wright et al., 2020). When rats are subjected to mild or chronic 
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stressors, they display behavioral deficits consistent with a reduction in responsiveness to 

reward. Researchers observe reduced sucrose consumption, decreased sensitivity to 

rewarding electrical brain stimulation, and a reduced ability to associate rewards with a 

particular environment (Moreau, 2002). In most models, the sucrose preference test 

evaluates the competence to experience pleasure. Rats prefer water laced with sucrose 

over regular water. Whenever the rodent shows an absence of interest in the sucrose 

solution, this is often said to be a representation of anhedonia (Wang et al., 2017). Studies 

have agreed that pleasure perception is mediated mainly by the mu-opioid receptor 

(MOR) and endocannabinoid receptor stimulation in various brain areas (Scheggi et al., 

2018). The information encoded in mesolimbic dopamine neurons plays a role within the 

reward motivational value and motivational salience. Decreased consumption or 

preference for palatable sweet solutions observed after chronic social defeat exposure 

reflects anhedonia (Scheggi et al., 2018). Anhedonia is typically a preference for sucrose 

less than 65%, compared to the normal preference levels. 

1.5.3. Caffeine 

 
Caffeine, a stimulant, increases alertness and 

energy and reduces sleepiness and fatigue. It is moderately 

associated with the risk of psychiatric disorders and 

substance use disorders; however, research suggests that it 

is not a causal factor (Lara, 2010). At higher doses of 

caffeine, symptoms like anxiety, restlessness, nervousness, 

dysphoria, insomnia, excitement, and psychomotor agitation occur. On the other hand, 

Figure 1 Chemical Structure of 
Caffeine (National Center for 
Biotechnology Information (2021)). 
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consuming lower doses of caffeine has been associated with reducing the risk of 

depression (Lara, 2010). 

In assessing patients, psychiatrists rarely enquire about caffeine intake. Excessive 

caffeine intake can lead to symptoms that might overlap with many psychiatric disorders. 

Caffeine antagonizes adenosine receptors, which may potentiate dopaminergic activity 

and even exacerbate psychosis. In fact, for psychiatric in-patients, caffeine increases 

anxiety, hostility, and psychotic symptoms (Winston et al., 2005). Even though caffeine 

is rarely seen as a problematic drug, the primary effect of caffeine is to relieve fatigue 

and enhance mental performance. However, excessive ingestion leads to intoxication, 

known as caffeinism, characterized by restlessness, agitation, excitement, rambling 

thoughts and speech, and insomnia. As seen by these symptoms, there is a clear overlap 

with some psychiatric disorders. Moreover, adenosine A2A receptors are concentrated in 

brain regions rich in dopamine. Therefore, researchers believe adenosine are linked to 

dopaminergic receptors (Winston et al., 2005).    

1.5.3.1.Neurological Basis of Caffeine 

Caffeine blocks adenosine A1 and A2A receptors. It exerts its activity on the 

central nervous system (CNS) by counteracting most of the inhibitory effects of 

adenosine on neuroexcitability (Khadrawy et al., 2018). As a neuromodulator in the CNS, 

adenosine activates adenosine receptors A1 and A2A in the brain. Therefore, this leads to 

inhibiting synaptic activity and neurotransmitter release. As a neuromodulator, adenosine 

will affect other neurotransmitters. Reduced activity of the dopaminergic system plays a 

role in depression. Higher dopamine activity leads to an increased salience perception, 

contributing to bipolar mania (Khadrawy et al., 2018). Antidepressants and 
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psychostimulants increase dopaminergic activity, where D2 receptor antagonists exert 

antimanic and antipsychotic effects. Increased dopaminergic activity induced by caffeine 

can have positive effects on cognition and executive functions. However, this effect can 

promote mood instability and even psychosis. It is also important to note that blocking 

adenosine receptors can reverse the inhibitions of adrenaline release in the sympathetic 

nervous system, which results in sympathetic stimulation. Several epidemiological 

studies have found a connection between coffee or caffeine intake and depression, but the 

results have been inconsistent (Khadrawy et al., 2018). 

1.5.4. Alcohol 

 
 

Alcohol, a depressant, changes behavior and 

mood. It also affects coordination (National Institute 

on Alcohol Abuse and Alcoholism). Hazardous 

alcohol use is related to greater depressive 

symptoms amongst those diagnosed with depression 

who do not seem to be undergoing treatment (Ramsey et al., 2005). Some research has 

shown that hazardous alcohol users were about 1.89 to 2.34 times more likely than 

nonhazardous drinkers to exceed the cutoff on measurements for depression. Heavy 

alcohol use can exacerbate depressive symptoms. 

1.5.4.1.Neurological Basis of Alcohol 

1.5.4.1.1. Dopamine 

Alcohol activates dopamine A10 neurons within the ventral tegmental area by 

inducing dopamine release within the nucleus accubens, prefrontal cortex, and amygdala. 

Figure 2 Chemical Structure of Alcohol 
(National Center for Biotechnology 
Information (2021)). 
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This may increase dopaminergic neurotransmission, explaining increased dopamine 

release seen through the sensation of satisfaction (Matošić et al., 2016). 

1.5.4.1.2. GABA and Glutamate 

GABA and glutamate, inhibitory and excitatory neurotransmitters 

respectively, play a role in motor coordination and abstinence. Therefore, drinking 

alcohol will inhibit the excitatory effect of glutamate and increase GABA inhibition. 

The long-term effects of alcohol abuse could cause a glutamatergic transmission 

effect, which increases with the reduction of the GABA effect. This causes alcohol 

tolerance, and this neuroadaptation will cause difficulties in abstinence, followed by 

sensitivity (Matošić et al., 2016).   

1.5.4.1.3. Noradrenaline 

With noradrenaline, drinking alcohol will motivate the emerging of the 

neurons. Besides that, in terms of human subjects, one should consider how other 

medications impact alcohol consumption (Matošić et al.,2016).   

1.5.4.2.Alcohol-Medication interactions 

There are two forms of alcohol-medication interactions which can occur. First, 

there are pharmacokinetic interactions, which often happen when alcohol interferes with 

the metabolism of the medication. Second is pharmacodynamics, which often happens 

when alcohol enhances the consequences of the medication, especially within the central 

nervous system (Weathermon & Crabb, 1999). Researchers have suggested that some 

medications will block first-pass metabolism, leading to blood alcohol levels that are 

higher than normal for a given alcohol dose. One example of this is aspirin (Weathermon 

& Crabb, 1999).  
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1.6.Gaps in research 

The self-medication hypothesis of addictive disorders derived from clinical 

observations focused primarily on nicotine addiction (Khantzian, 1997). Since then, other 

experiments have expounded on the self-medication hypothesis theory through clinical 

observations. Therefore, there are limited rodent research on depression or the self-

medication hypothesis theory.   

Bridging the gap between human and animal addiction is challenging yet essential 

in assessing the different theories present about addiction etiology (Kramer et al., 2020). 

Rodent models can provide key elements in understanding and defining the underlying 

mechanisms and their implications for preventing and treating addiction. Establishing and 

developing rodent studies can be challenging due to the complex nature of the illness and 

the brain in general (Nam et al., 2014). In animal models, the stages of addiction are 

generally short and are defined by their behaviors and physiology. In humans, the stages 

are longer. The individuals typically shift in varying order between abstinence, moderate 

drinking, and problematic use (Kramer et al., 2020). Another challenging construct is 

negative reinforcement. In human studies, drinking to relieve severe depression compared 

to reducing mild anxiety may differ. On the other hand, in animal models, experts are 

restricted in their ability to measure negative reinforcement and will often employ 

withdrawal to induce a presumed aversive state (Kramer et al., 2020). 

Another challenge remains: treating and preventing mental illnesses. Despite 

breakthroughs in the neuroscience field, there has been limited progress in treatment and 

prevention (Söderlund & Lindskog, 2018). Experts have explained that this is partly due 

to the lack of compatibility between clinical practice and neuroscience. In addition, many 
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have illustrated that the translation between such work is hampered by the fact that 

psychiatric diagnostic procedures are open to subjective interpretation, and they lack 

objective measures of behavior or biomarkers (Söderlund & Lindskog, 2018). It becomes 

clear that rodents are models of risk and vulnerability factors of depression (Söderlund & 

Lindskog, 2018). Clinical experience are important. However, animal models can test 

hypotheses regarding biological correlations based on clinical research. By using these 

models and employing clinical practice, society can achieve better diagnoses and 

treatments. This experiment seeks to take a biological approach to help reduce research 

gaps. After two weeks of daily alcohol doses, we hypothesized that the Wistar-Kyoto rats 

would demonstrate shorter latency to despair and greater anhedonia. Additionally, after 

two weeks of daily caffeine doses, we hypothesized that the rats would show greater 

latency to despair and greater anhedonia. 

2. Materials and Methods 

2.1.Subjects 

Laboratory animals have similarities to humans in both anatomy and 

physiology (Bryda, 2013). Rats are used in pharmacological studies and behavioral 

studies because they are more social than mice, and their behaviors better mimics 

those seen in humans. This study included seventeen WKY rats (six in the alcohol 

group, six in the caffeine group, and five in the control group), with six males and 

eleven females. Each injection group had two males, while the rest had females. Two 

female Wistar-Kyoto rats gave birth on January 31st, 2022. The litters were weaned 

after three weeks (February 26th, 2022) and were considered young adults around 7-

8 weeks old. This strain is a demonstrated rodent model for depression (Will et al., 
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2003). Rats are favored for studying neurobiological processes. They provide good 

neuropsychological models for human behavioral disorders (Parker et al., 2014). 

Most of the animal models used have led to growth in understanding the basis of 

drug intoxication (Jadhav et al., 2017). All study procedures were approved by the 

Washington College Institutional Animal Care and Use Committee. 

2.2. Study set-up 

To better identify the rats, they were singly housed on March 15th, four days 

before the baseline forced swim and saccharin preference tests on March 18th. The 

rodents were randomly assigned to their groups, and they were placed on shelves 

next to rodents in other groups. This was to counterbalance any potential biases due 

to positioning. On March 21st, the injection cycle began. The rodents were injected 

intraperitoneally with either 2mg/kg of alcohol, 5mg/kg of caffeine, or 5mg/kg of 

water (control). They were injected daily around the same time for fifteen days. On 

April 4th, the rats underwent their final rounds of injections, followed by final 

measures for the forced swim and saccharin preference tests. However, to assess how 

the rats’ behavior would change in the forced swim test one week after, a follow-up 

test was done. During this week, injections ended, and rats were again pair housed. 

2.3.Procedures 

2.3.1. Forced Swim Test (FST) 
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A baseline measure for the FST was done on March 18th. After 

fifteen days of intraperitoneal injections, a final measure was conducted 

on April 4th. After the study concluded, a follow-up test was done a week 

afterwards on April 11th.  

On the day of the testing, we placed 15cm of tap water (between 

23-25 degrees Celsius) in the tanks (Can et al., 2012). Then we 

placed the camera in position to record activity. Following that, 

we separated the tanks with a divider to prevent the rats from seeing each other, which 

could alter their behaviors (Can et al., 2012). Once this was done, we brought the rats into 

the testing station and acclimated them to the environment for fifteen minutes. Afterward, 

we started the video and held a card identifying each rat in front of the camera. Holding 

the rats by their tails, we gently placed them in the water. Once inside, we slowly 

released their tails (Can et al., 2012). Then we timed how long the rats spent swimming 

and ended when rats became immobile. At the end of the recording, we removed the rats 

and dried them with a towel and placed them in a new cage with paper towels lining its 

bottom. The rats were dried after the FST to prevent them from suffering from 

hypothermia (Can et al., 2012). We returned them to their cages and waited a few hours 

to start the saccharin preference test.  

2.3.1.2.Data Analysis 

We calculated latency until the rats became immobile. This meant any movement 

other than those needed to keep the head above the water (Can et al., 2012). Trying to 

balance their bodies and keep their heads above the water was not an attempt to escape, 

hence why this was not considered mobility. If the rat spent time floating without trying 

Figure 3 The Forced Swim 
Test (Carter & Shieh, 2015) 
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to keep its head above the water, that was a sign of immobility (Yankelevitch-Yahav et 

al., 2015).  

2.3.2. Saccharin (Sucrose) Preference Test  

We habituated the rats to drink .2% of 100mL 

of saccharin solution weight by volume 

approximately 72 hours (March 15th) before the 

test. The bottles were weighed before and 

following the saccharin preference test (Lee et 

al., 2017). After the forced swim test, we 

conducted the saccharin preference test. They were presented with overnight access (24 

hours) to the sipper tubes (Lee et al., 2017). One of the sipper tubes contained .2% of 

200mL saccharin solution and the other contained 200mL of tap water (Frisbee et al., 

2015). The bottles were inserted in the evening and picked up the following evening. 

Approximately halfway through the 24-hour test, the bottle positions were switched to 

counterbalance and prevent biases that may occurred have due to bottle positioning. After 

the test, the rats were presented with fresh tap water. The saccharin preference tests were 

done once each on March 18th and April 4th,2022. 

2.3.2.1   Data Analysis 

We calculated how much saccharin solution and tap water the rats consumed. To 

calculate the saccharin solution preference, we took the saccharin intake, divided by the 

total intake, and multiplied the results by 100. Anhedonia in this test is usually seen by a 

preference of less than 65%, compared to normal anhedonia levels (Scheggi et al., 2018).  

2.4. Injections 

Figure 4 Saccharin preference test (Franklin et 
al., 2012) 
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After we conducted the baseline measures for these behavioral tests, we 

followed up with two weeks of injections (i.p.) with either 2mg/kg of alcohol, 5 mg/kg 

of caffeine, or 5mg/kg of water (control). Injections occurred daily, around 11:30 am, 

with a maximum volume of 1mL for the caffeine and control groups. For the alcohol 

group, the maximum volume was 12.67 ml/kg. On the final day of injections, we 

conducted our second forced swim and final saccharin preference tests. The final 

forced swim test was conducted a week after.  

3. Results 

Table 1 Anhedonia rates and mobility time (FST) based on injection groups 

Rat ID Anhedonia Rates (in 

%) 

Forced Swim Test (in seconds) 

 Baseline Final Baseline Final Follow-up 

Alcohol 

1 

4 

7 

10 

13 

16 

68.9 35.8 44.8 2 25.47 

69.7 87.8 68.4 10.69 9.21 

26.97 97.3 47.04 5.23 11.53 

96.6 29.8 10.72 2.75 14.66 

96.9 38.2 10.84 3.63 8.65 

90.8 39.6 48.31 2.34 4.41 

Caffeine 

2 

5 

8 

85.5 51.1 75 6 13.19 

72.0 43.6 36.31 56.06 8.87 

95.0 82.6 14.94 6.93 12.31 
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11 

14 

17 

87.5 90.0 3.57 3.59 5.37 

92.3 94.6 24.56 14.72 10.03 

95.4 42.6 52.69 16.07 17.34 

Control 

3 

6 

9 

12 

15 

88.5 86.4 36.63 24.84 35.59 

85.4 44.5 27.38 5.07 26.03 

95.3 97.2 47.75 11.94 11.31 

91.5 24.3 12.04 4.91 14.19 

94.5 85.3 23.35 3.97 3.66 

Note: Saccharin consumed compared to water was calculated, and the output displays 

anhedonia levels (expressed in percentage) for the baseline and final saccharin 

preference tests. Mobility times in the forced swim test were assessed and expressed in 

seconds for the baseline, final, and follow-up tests. 

3.1. Saccharin Preference Test 

Figure 5 Anhedonia levels based on saccharin consumption filtered by groups 
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Note: A repeated-measures ANOVA test showed that there was a statistically 

significant difference between anhedonia levels done during the baseline and final 

saccharin preference test. However, there was not a statistically significant difference 

between anhedonia levels at the baseline and final saccharin test based on injection 

groups. The error bars represent results at the 95% confidence interval. 

3.1.2. Baseline and Final Saccharin preference results 

There was a statistically significant difference between anhedonia levels done 

during the baseline and final saccharin preference test F (1,15) = 4.682, p = .047, η2  =  

.234. The observed power was .526, which meant there was a 52.6% probability of 

finding a difference if it existed. However, there was not a statistically significant 

difference between anhedonia levels at the baseline and final saccharin test based on 

injection F (2,11) = .243, p = .789, η2 = .019. The observed power was .067, which 

meant that there was 6.7% of finding a difference based on injection groups. In 

addition, there was no statistically significant difference between the baseline and 

final saccharin levels based on sex F (1,15) = .200, p = .661, η2 = .013. The observed 

power was .526, so there was a 52.6% probability of finding a difference if it existed. 

3.1.3. Saccharin preference for the alcohol group 

We hypothesized when injected with 2mg/kg of alcohol, rats will show greater 

anhedonia from the baseline to the final tests. The rodents displayed greater 

anhedonia, but there were no statistically significant differences among the alcohol 

group between the baseline and the final, F (1,4) = .209, p = .671, η2 = .050. The 

observed power was .065, which meant there was a 6.5% probability of finding a 

difference if it existed. At the baseline, the average anhedonia rate was (M = 74.96, 
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SD = 24.39), but at the final measure, the average was (M = 54.74, SD = 29.64). 

There was no statistically significant difference among anhedonia rates between the 

baseline and final measure based on sex F (1,4) = .498, p = .554, η2 = .112. The 

observed power was .090. Therefore, there was a 9.0% probability of finding a 

difference if it existed. During the baseline, the average saccharin preference based on 

sex was female (M =78.14, SD = 16.83) and male (M = 60.04, SD = 51.19). During 

the final, the statistics for were female (M = 47.54, SD = 26.88) and male (M = 67.35, 

SD = 42.19).  

3.1.4. Saccharin preference for the caffeine group 

We hypothesized that when injected with 5mg/kg of caffeine, rats will show a 

greater anhedonia from the baseline test to the final test-day. Saccharin preference 

decreased from the baseline to the final test. The rodents displayed greater anhedonia, 

but there were no statistically significant differences among the caffeine group 

between the baseline and the final, F (1,4) = 2.978, p =.159, η2 = .427. The observed 

power was .265, which meant that there is a 26.5% probability of finding a difference 

if it existed. At the baseline, average anhedonia rates were (M = 87.93, SD = 8.77), 

while at the final, the average rates were (M = 67.42, SD = 24.20). There was no 

statistically significant difference between the baseline and final measure based on sex 

F (1,4) = 1.828, p = .248, η2 = .314. The observed power was .183, which meant that 

there was an 18.3% probability of finding a difference if it existed. During the 

baseline, the average anhedonia rates based on sex was female (M = 84.71, SD = 

11.53) and male (M = 89.25, SD = 7.16). During the final, the statistics were female 

(M = 56.51, SD = 25.48) and male (M = 85.83, SD = 5.61).  



The Effects of Alcohol and Caffeine on Depressive Symptoms Fraser 24 

3.1.5. Saccharin preference for the control group 

Like the alcohol and caffeine groups, rats in the control group showed greater 

anhedonia. At the baseline, average anhedonia rates were (M = 91.02, SD = 4.132), 

while at the final measure, average anhedonia rates were (M = 67.65, SD = 31.50). 

There was a statistically significant difference among these levels F (1,3) = 13.644, p 

= .034, η2 = .820. The observed power is .694, which meant that there was a 69.4% 

probability of finding a difference if it existed. Additionally, there was no statistically 

significant difference between the baseline and final based on sex F (1,4) = 4.784, p = 

.117, η2 = .615. The observed power was .332, which meant that there was a 33.2% 

probability of finding a difference if it existed. During the baseline, the average 

anhedonia rates based on sex was female (M = 90.67, SD = 4.489) and male (M = 

85.79, SD = 5.297). During the final, the statistics were female (M = 76.97, SD = 

25.27) and male (M = 32.24, SD = 12.72). 

3.2. Forced Swim Test 

Figure 6 Latency to despair based on the forced swim test filtered by groups 
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Note: A repeated-measures ANOVA test showed that there was a statistically 

significant difference in latency to despair across the three timelines (baseline, final, 

and follow-up). However, there was not a statistically significant difference based on 

injection groups. The error bars represent results at the 95% confidence interval. 

 3.2.1. Baseline, final, and follow-up forced swim test 

There was a statistically significant difference between latency to despair across 

all three timeline levels F (2,22) = 9.866, p<. 001, η2 = .473. The observed power was 

.968. Therefore, there is a 96.8% probability of finding a different if it existed. When 

latency to despair was assessed across the injection groups, there was no statistically 

significant difference across the levels (baseline, final, and follow-up) F (4,22) = .720, p 

= .587, η2 = .116. The observed power was .196, which meant there is a 19.6% 

probability of finding a difference if it existed. Moreover, there was no statistically 

significant difference in the mobility time based on sex F (2,2) = 2.474, p = .107, η2 = 

.184. The observed power was .444. Therefore, there was a 44.4% probability of finding 

a difference if it existed. 

3.2.2. Latency to despair for the alcohol group 

We hypothesized that at 2mg/kg of alcohol, rats will show shorter latency to 

despair (spend less time being mobile). Mobility decreased from the baseline to the 

final, but it increased during the follow-up test. The descriptive statistics at the baseline 

were (M = 38.35, SD = 22.976), final (M = 4.44, SD = 3.273), and the follow up (M = 

12.32, SD = 7.276). The repeated measures test showed that there was a statistically 

significant difference among these levels F (2,8) = 6.713, p = .019, η2 = . 627. The 

observed power was .772, which meant that there is a 77.2% probability of finding a 
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difference if it existed. However, there was no statistically significant difference in 

latency to despair based on sex F (2,8) = .340, p = .721, η2 = .88. Therefore, there is an 

88.0% probability of finding a difference if it existed. During the baseline, the average 

mobility time for females were (M = 43.06, SD = 23.94) and males (M = 28.94, SD = 

25.60). In the final test, average mobility times for females were (M = 4.45, SD =  

4.175) and males (M = 4.43, SD = 1.131). Last, during the one-week follow-up test, 

average mobility times for females (M = 13.44, SD = 9.049), and males (M = 10.09, 

SD = 2.036). Overall, across the forced swim test times in the alcohol group, the 

baseline was significantly higher than the final time. However, the follow-up was not 

significantly different from the baseline or final times. Nevertheless, the rats increased 

in mobility in the follow-up. As expected, the alcohol made the rats more depressed 

based on the forced swim test, and they have not recovered fully by the time of the 

follow-up test. This explains why the follow up times were not as high as the baseline. 

3.2.3. Latency to despair for the caffeine group 

We hypothesized that at 5 mg/kg of caffeine, rats will show greater latency to 

despair (spend more time being mobile). Mobility time decreased from baseline to 

final, and it decreased during the follow-up test as well. The descriptive statistics at the 

baseline were (M = 34.51, SD = 26.125), final (M = 17.23, SD = 19.666), and follow 

up (M = 11.19, SD = 4.091). The repeated measures test showed that there was no 

statistically significant difference among these levels F (2,8) = 1.552, p = .269, η2 = 

.280. The observed power was .240, which meant that there is a 24.0% probability of 

finding a difference if it existed. Moreover, there was no statistically significant 

difference based on sex F (2,8) = 1.268, p = .323, η2 = .241. The observed power was 
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.142. Therefore, there is a 14.2% probability of finding a difference if it existed. During 

the baseline, the average mobility time for females were (M = 47.14, SD = 21.86) and 

males (M = 9.25, SD = 8.040). In the final test, average mobility times for females 

were (M = 23.21, SD = 22.35) and males (M = 5.26, SD = 2.362). Last, during the one-

week follow-up test, average mobility times for females (M = 12.36, SD = 3.790), and 

males (M = 8.84, SD = 4.907). Given this, the means were different across the timeline, 

but there was variability in the baseline. Overall, caffeine did not significantly worsen 

the behavioral despair. 

3.2.4. Latency to despair for the control group 

Mobility decreased from the baseline to the final, but it increased during the 

follow-up test. The descriptive statistics were baseline (M = 29.43, SD = 13.519), final 

(M = 10.15, SD = 8.810), and follow-up (M = 16.16, SD = 9.618). The repeated 

measures test showed that there was a statistically significant difference among these 

levels F (2,6) = 8.714, p = .017,η2 = .744. The observed power is .820. Therefore, there 

was an 82.0% probability of finding a difference if it existed. There were no 

statistically significant differences based on sex F (2,6) = 3.420, p =.102, η2  = .533. 

The observed power was .426, so there was a 42.6% probability of finding a difference 

if it existed. During the baseline, the average mobility time for females were (M = 

35.91, SD = 12.22) and males (M = 19.71, SD = 10.85). In the final test, average 

mobility times for females were (M = 13.58, SD = 10.53) and males (M = 4.99, SD = 

.113). Last, during the one-week follow-up test, average mobility times for females (M 

= 13.52, SD = 11.13), and males (M = 20.11, SD = 8.372). The baseline measure was 

significantly higher than the final and follow-up times. Moreover, the rats were more 
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depressed and showing more behavioral despair by the final measure, but they did not 

improve by the follow-up significantly.  

4. Discussion 

The baseline demonstrated lesser anhedonia than the final saccharine preference 

test; however, these differences were not significant. Moreover, there were no group 

differences in this effect, which indicated that anhedonia worsened regardless of 

treatment. There were also no sex differences for any of the measures. On the other 

hand, the baseline showed greater latency to despair than the final and follow-up forced 

swim tests. However, these differences were not significant. There were also no sex 

differences for any of the measures. The alcohol treatment resulted in shorter latency to 

despair at the end of treatment. Like other groups, the rats recovered by the follow-up 

test, which indicated that alcohol worsened depression. The differences across the three 

timelines were significant. This result aligned with previous studies. One study 

illustrated how alcohol affects rodents, showing how ethanol showed a biphasic effect, 

with low doses (0.25 g/kg) increasing social contact and higher doses (1.0–1.5 g/kg) 

reducing social interaction. These results indicate that mice can demonstrate reduced 

locomotion at low ethanol doses. We expected that such results could be transferable to 

rat models.  

On the other hand, the caffeine group showed shorter latency, but unlike alcohol, 

these differences were not significant, indicating caffeine did not worsen depression. 

Previous studies have shown that rats injected intraperitoneally (i.p.) with 10, 20, and 50 

mg/kg of caffeine showed antidepressant activity in the forced swim test, but the effects 

were not due to locomotor activity changes. Moreover, 5 mg/kg of caffeine potentiated 
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the activity of antidepressants, but these results were also not due to locomotor activity 

(Szopa et al.,2016). Since the control group showed effects for both behavioral tests, this 

was likely because the rats were chronically depressed, and the treatment (water) had no 

effect.  

Though some results aligned with the hypotheses, there were limitations. First, 

the rats were singly housed for identification purposes for 23 days. Social isolation 

induced depression-like symptoms in rodents; therefore, short, or long-term isolation 

may modify immobility in the forced swim test (Bogdanova et al., 2013).  On the other 

hand, single housing tends to reduce sucrose or saccharin preference due to the induced 

stressors caused by housing. Baker and Bielajew's study showed that the average sucrose 

or saccharin preference during the chronic mild stress phase were reduced significantly 

compared to the baseline in the single-housed stressed group (Baker & Bielajew, 2007). 

To ensure that rats are not separated to employ the saccharin preference test, pairing the 

rats but separating them with a metal barrier may limit the possibility of housing 

influencing the outcome. Another technique that can limit single housing is tattooing the 

rats. 

Besides this, there were inaccuracies in the bottles used in the saccharin 

preference tests. During the study, we experienced spillage. We used a dummy bottle to 

account for this. We subtracted the difference between the weight before and after for 

the dummy bottle. Then we subtracted that difference from each bottle of saccharin and 

tap water drank by each rat. From there, we calculated the saccharin preference. 

However, we could have also minimized spillage by filling the bottles in advance and 

positioning them upside-down for 12 hours before testing (Strekalova et al., 2011). We 
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also did not consider the temperature of the drinking bottles. One way to balance the air 

temperature between the drinking bottles and the room was to ensure that the bottles 

were in the same room as the testing site. This will prevent leakage due to increased air 

temperature and pressure from the inside of the bottles when they are filled with cooler 

water than the air of the room (Strekalova et al., 2011).  

Aside from possible confounding factors affecting the saccharin preference test, 

other factors could have affected the forced swim test results. Research protocols have 

recommended that rats weigh between 180g and 280g (Bogdanova et al., 2013). By the 

first day of daily injections, the average weight of the rats was 136.2g. Bodyweight 

affects a rat's behavior in the forced swim test. Though the rats were below the average 

weight range, this might have influenced mobility. Another factor that could have 

influenced behaviors in the forced swim test is the water used. When rats are tested in 

water soiled by others, they become less immobile than in freshwater, which some 

studies have attributed to fecal or urinary contamination (Bogdanova et al., 2013). 

However, other research shows that when exposed to urine from other stressed rats this 

can cause an increase in immobility. 

Another limitation of this study was the size of the subjects used. There are 

growing concerns about animal welfare and how applicable and valid are the outcomes 

of these research studies. The standard of clinical research involves a randomized 

controlled trial with random allocation into groups (Robinson et al., 2019). Some 

research data has been criticized for inconsistencies, inadequate or lack of formal 

statistical analyses, and lack of randomization and blinding. One methodological 

problem that Robinson and colleagues have found in research, which was also present in 
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this study, is a small size. In this study, there were seventeen subjects, with six rats each 

in the alcohol and caffeine groups and five for the control. These experimental groups 

were small, which equates to inadequate power (Robinson et al., 2019). Simple 

statistical analysis does not consider confounding variables like increased stress. Since 

the rats were socially isolated, they experienced heightened stress shown by the display 

of chromodacryorrhea. These are porphyrin-pigment tears secreted from the harderian 

glands (Elsevier, 2013). Risk factors for developing this are stress, overcrowding, and 

poor husbandry. Given the small size, it is difficult to assess whether there were no 

differences in baseline and final test measures due to the anticipated effects of the 

injections or social isolation. We should increase the size of the subjects to better 

account for possible confounding variables in the future. 

The pathogenesis and etiology of this study are still poorly understood, and like 

most diseases, animal models can assist in understanding and developing treatments 

(Becker et al., 2021). The last limitation of this study was the potential unreliability of 

the model used. Given the wide variety of animal models present, none resembles 

human depression completely; however, most models can mimic some of the features 

present (Becker et al.,2021). The Wistar-Kyoto model shows depression-like behaviors 

in the sucrose/saccharin preference test, forced swim test, and the open-field test. 

Besides that, the WKY has innate HPA abnormalities, which could be beneficial in 

further studying depression. However, two weaknesses of this model for depression are 

that the animals show significant differences in abnormal HPA functioning compared to 

humans and they present poor predictive validity in terms of antidepressant treatment 

(Becker et al., 2021). The pathogenesis of the animals must align with that of the human 
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disease and produce reliable results. Animal models must have predictive validity, 

etiologic or construct validity, and face validity. 

Adolescence presents a period of brain changes. For instance, new connections 

among the neurons are formed, while preexisting connections are lost (Hiller-Sturmhöfel 

& Swartzwelder, 2004). One brain region impacted by remodeling is the prefrontal 

cortex, which is involved with working memory, decision-making, spatial learning, 

impulse control, and voluntary motor behavior. Such changes are extensive in humans, 

especially since the number of connections in the prefrontal cortex decreases during 

adolescence. An inquiry to study would be assessing spatial memory and learning and 

decision-making in adolescent rats pre-exposed to alcohol during pregnancy. This would 

mimic the effects of prenatal alcohol exposure on child development.  

Besides pursuing other inquiries relating to alcohol, one can investigate other 

research directives involving caffeine. Research shows that maximal cortical synapse 

density is reached before puberty and decreases during adolescence. Caffeine is most 

consumed in adolescence. Several studies show that caffeine diminishes the buildup of 

sleep pressure during wakefulness (Olini et al., 2013). These changes are based on 

synaptic overproduction in early development, followed by net elimination. Olini and 

colleagues found slow-wave activity (SWA) showed age-dependent changes in humans. 

SWA increased in early development, plateaued in puberty, and declined afterward in 

rats. In humans, SWA initially increases peaks before puberty and decreases in 

adolescence (Olini et al., 2013). Mild caffeine intake in the critical period (when 

sleeping SWA declines) affected sleep. Olini and colleagues also found that SWA 

decline was delayed by caffeine intake. Olini and colleagues reported that this study 
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could be applicable clinically since synaptic elimination during adolescence is 

associated with an increased incidence of psychiatric disorders. An inquiry to pursue is 

to investigate how caffeine affects slow-wave activity as a predictor of anxiety 

disorders, especially since sleep disturbances and anxiety disorders often comorbid 

(Staner, 2003). 

A study of this caliber can aid in addressing gaps in research, given the potential 

decrease in animal models used. Animal experiments have contributed to the 

development of antibiotics and the understanding of human diseases (Robinson et al., 

2019). However, this does not eliminate growing concerns about the translation of 

animal models to humans. Historically, this translation has been unpredictable and 

questioned because of its clinical validity, application, and ethics. Robinson and 

colleagues have reported that in the United Kingdom, the overall animal research has 

decreased by 7% between 2017 and 2018, and there seems to be a similar trend in the 

United States (Robinson et al., 2019). 

Despite the downward trend in animal models, this study could be applied to 

investigations of caffeine and alcohol use in college students. Both substances are 

widely consumed among individuals of this age group, and further research can 

highlight self-medicating practices. A study by Bertasi and colleagues based on students 

at Florida State University showed that the most common source of caffeine was coffee, 

with 44% of students reporting consuming it for pleasure (Bertasi et al.,2021). Among 

fifth-year college students, depressive symptoms were associated with higher caffeine 

intake. Caffeine increases attention and mood elevation and reduces the risk of suicide, 

leading to fewer depressive symptoms (Bertasi et al., 2021). Though caffeine can be 
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advantageous, there are growing concerns among college caffeine consumers. College 

students drink roughly double the recommended safe amount of caffeine intake. 

However, there is inadequate evidence to support claims that caffeine causes depression. 

Besides heightened caffeine consumption among college students, research has 

shown that college years are most associated with an increase in alcohol consumption, 

and a wide variety of mental health problems, like depression (Geisner et al., 2012). 

Concerningly, college marks a period with the heaviest quantity of alcohol drinking in 

one’s lifespan; therefore, college-aged students are at a lifetime peak risk of being 

diagnosed with alcohol disorders. Though alcohol is becoming a widespread problem 

across campuses, at the same time, depression among college students in the United 

States has reached as high as 22%. Therefore, many researchers are not surprised by the 

high rate of comorbidity between both issues. Some research has reported no differences 

between alcohol consumption between those who were depressed and not depressed. 

However, other studies showed that those who experienced depression were more likely 

to consume alcohol if they believed that relieved some stress, which aligns with the self-

medication hypothesis theory (Geisner et al., 2012). Students consume higher rates of 

alcohol and caffeine than any other age group, which creates some concern for their 

mental well-being. By examining the depressive symptoms, professionals can identify 

areas where students are struggling and intervene, decreasing the likelihood of students 

seeking substances to relieve symptoms. 
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