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Abstract 

Both caffeine and nicotine are popular and widely used psychostimulants, with many people 

increasing their consumption of these substances in adolescence. Anxiety is a common side 

effect of these drugs, as well as a prevalent emotional state during the adolescent 

developmental period. Previous literature has examined how the separate use of caffeine and 

nicotine during adolescence can affect anxiety related behaviours in rats during their early 

adulthood. However, it is not well understood as to how the simultaneous use of both 

substances in adolescence can affect anxiety in early adulthood.  

To investigate this, 64 rats (32 males and 32 females) were divided evenly across four 

separate treatment groups during their adolescent period (40-49 postnatal days old) and 

subjected to either saline, caffeine, nicotine or the caffeine-nicotine drug combination. At 

both 60 and 90 postnatal days old, the rats were subjected to three separate behavioural tests: 

the open field test, the novel object recognition task and the light-dark box.  

Overall, the combined caffeine-nicotine treatment to have an overall anxiolytic effect on 

behaviour during early adulthood, whilst the nicotine-alone treatment primarily demonstrated 

an anxiogenic effect on rat behaviours. The caffeine-alone treatment and saline control 

demonstrated few treatment effects on behaviour. Sex was also found to moderate treatment 

effects on behaviour. 

Further studies are needed to understand how the simultaneous use of caffeine and nicotine 

during adolescence affects behaviour in early adulthood. 
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Introduction  

A brief history of substance use 

The use of psychoactive substances or drugs to alter the human cognitive state has been 

common practice throughout history, with the use of some substances such as alcohol and 

opium dating back 9000 and 4000 years, respectively (Crocq, 2007). Historically, 

psychoactive drugs have been used for different reasons such as social and medical situations, 

religious and non-religious rituals. The Ancient Egyptians would use alcohol during social 

gatherings, whilst both they and the Ancient Greeks cultivated opium from the poppy plant to 

use for pain relief (Norn et al., 2005; Rosso, 2010). The Siberian shamans would use 

mushrooms to induce spiritual hallucinations, whilst Viking berserkers used mushrooms 

before a battle to enhance feelings of invincibility (Crocq, 2007). What these examples 

demonstrate is that historical patterns and modern patterns of drug use are fairly similar. 

Modern consumption of psychoactive drugs is often done for recreational and/ or social 

purposes, or to alleviate negative symptoms or feelings that one may be experiencing such as 

pain or depression (NIDA, 2020). Unfortunately, many drugs have the potential to negatively 

impact an individual’s cognition, behaviour, and emotions, which may result in unwanted 

harm towards other people or general society. This is typically evident when judgement and 

reasoning become significantly impaired under the influence and can result in criminal 

offences such as theft or manslaughter. As a result, most governments have imposed legal 

restrictions regarding the availability, distribution, and consumption of psychoactive 

substances within their respective borders and populations. Albeit the most extreme legal 

measures that have been imposed still fail to prevent this as the narcotics business is 

demonstrably profitable due to constant consumer demand and corruption within some 

judicial and governmental systems (Gray, 2011).  
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1.0 Caffeine 

1.0 A brief overview of caffeine 

Drugs that have fewer to no restrictions imposed on them tend to have greater popularity and 

wider consumption rates amongst the general population, which is particularly evident with 

caffeine (Patz et al., 2006). It is estimated that 90% of the global population consumes 

caffeine daily through various food and beverage products such as chocolate and coffee 

respectively, and even through some medications (Reyes & Cornelis, 2018). Like other 

substances, it can affect mood and cognition, albeit it does this with less risk regarding safety. 

Caffeine is an alkaloid that acts as a central nervous system (CNS) stimulant. It is found in 60 

different plants, albeit only a select number of these are popular sources for caffeine 

consumption (Thomson & Scheiss, 2011). These popular sources include the beans of the 

coffee and cocoa plants, guarana, kola nuts, and tea leaves. The use of coffee beans, cocoa 

beans, and tea leaves as caffeine sources, dates back thousands of years which makes them a 

consistent and a popular part of the human diet (Fredholm, 2011). The Mesoamericans held 

the cocoa plant in high regard, cultivating it for both currency and consumption since the fifth 

century. It was not until the 1500’s that it was introduced to Europe by the Spanish 

conquistadors (Jamieson, 2001). The cultivation and use of coffee beans began later in 15th 

Century Yemen. Initially, coffee was used for religious practices wherein the consumer had 

to be awake for all-night ceremonies. However, it quickly spread throughout the Arab world 

for social use, only being introduced to European travellers who visited these countries; 

Europe later became involved in the coffee trade circa 1616 (Jamieson, 2001).  

1.1 Actions of caffeine 

An individual typically consumes caffeine in low to moderate doses, only consuming higher 

doses of the substance occasionally (Nehlig et al., 1992). The body absorbs caffeine within an 



12 

 

hour of its consumption, via the human gastrointestinal tract or through the oral mucosa 

(Institute of Medicine, 2001). Once it has been metabolised by the liver, caffeine is able to 

exert its effects on the body’s physiology through multiple nervous systems, including the 

CNS, cardiovascular, and renal systems. Which system(s) caffeine does affect depends on the 

dose. Low to moderate doses will stimulate the CNS, whilst higher doses will also stimulate 

the renal system (Patz et al., 2006). There are several potential mechanisms of action that 

could allow caffeine to produce its excitatory effects on the CNS such as the mobilisation of 

intercellular calcium, antagonism of benzodiazepine receptors, and the inhibition of 

phosphodiesterase (Nehlig et al., 1992; Institute of Medicine, 2001). However, its primary 

mechanism of action is the antagonism of the neuromodulator adenosine (Ferre, 2014; Patz et 

al., 2006; Nehlig et al., 1992). Adenosine is a neuromodulator that can exert inhibitory effects 

on neural activity by binding to A1 receptor sites or produce excitatory effects by binding to 

the A2 receptor sites instead (Institute of Medicine, 2001; Nehlig et al., 1992). Caffeine acts 

as an antagonist by binding to both the A1 and A2A receptor sites, thereby inhibiting any 

potential effects that adenosine can exert on the CNS (Ribeiro & Sebastiao, 2010). This also 

allows caffeine to affect other neuromodulatory processes in the CNS, as adenosine regulates 

the release of other NT’s including dopamine, norepinephrine, and acetylcholine (Institute of 

Medicine, 2001).  

1.2 Cognitive and physiological side effects 

A primary function of adenosine is to aid in the regulation of the human sleep-wake cycle. 

During the waking period, extracellular adenosine accumulates in the body over the course of 

the day, whilst it is reduced during the sleeping period at night (Mori, 2014; Bjorness & 

Greene, 2009). The more an individual prolongs their waking period, feelings of drowsiness 

are increased, and they begin to experience poorer cognitive performance (Ferre, 2014). 

Because caffeine antagonises adenosine in the CNS, it is widely known for, and used to 
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increase feelings of alertness (Smit & Rogers, 2000). This has enabled it to become a popular 

substance for human consumption, as it improves feelings of tiredness and heightens 

cognition almost immediately with little risk of negative consequences (Patz et al., 2006). It 

can also improve overall mood in some individuals, although the evidence for this emotional 

effect remains unclear as this may be attributed to a placebo effect rather than caffeine itself 

(Smith, 2002; Haskell et al., 2005; Liebermann et al., 1987) or possibly a reversal of caffeine 

withdrawal (James & Rogers, 2005).        

 Alongside the cognitive side effects, caffeine also produces physiological side effects 

through the peripheral and automatic nervous systems via the CNS. The hypothalamic-

pituitary-adrenal (HPA) axis is mediated by adenosine antagonism in the paraventricular 

nucleus of the hypothalamus in the brain (Jentsch et al., 2019). The HPA axis involves 

pathways between the CNS and the endocrine system, which aids in the regulation of the 

body’s physiological responses under duress (Smith & Vale, 2006). Doses of caffeine that are 

as low as 2mg/kg may allow the stimulation and release of hormones from the endocrine 

system to affect the autonomic and peripheral nervous systems (Patz et al., 2006). The 

physiological side effects of caffeine that could be attributed to the activation of the 

endocrine system via the HPA axis may include an increase in heart rate, blood pressure, and 

increase the likelihood of headaches, and bowel movements (Gonzaga et al., 2017; Ferre, 

2014). These could also lead to negative cognitive effects such as feelings of irritability, 

anxiety, restlessness, and insomnia that an individual may experience after consuming 

caffeine (Patz et al., 2006). However, such side effects differ on multiple individual factors 

including daily caffeine intake and overall tolerance to the drug. 

1.3 Addictive potentiality versus dependence  

Both blood pressure and heart rate can quickly develop a physiological tolerance if caffeine 

is regularly consumed. However, it is debatable to whether an individual can become 
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addicted to caffeine (Stachyshyn et al., 2021). There is little unanimity in psychology that 

regular caffeine use can cause behavioural tolerance and withdrawal despite multiple studies 

examining its potential for addiction and dependence (Haskell et al., 2005; Thomson & 

Scheiss, 2011). As a psychostimulant, it is far less potent when compared to others of the 

same class such as cocaine and amphetamines (Ferre, 2014). Caffeine also has an entirely 

different mechanism of action despite its similar albeit weaker reinforcing effects (Ferre, 

2014). It also only has a slight secondary effect on dopamine release through the inhibition of 

adenosine (Ross & Venton, 2015), whereas cocaine inhibits the reuptake of dopamine, whilst 

amphetamines simultaneously increase the release of dopamine and disallow its reuptake 

(Nestler, 2005; Moszczynska, 2016). Studies examining potential caffeine withdrawal tend to 

vary in the dosage, the participant’s daily caffeine consumption rates, and whether 

participants are required to stop their caffeine intake short term (Smith, 2002). Participants 

who consume more and who are asked to abstain from caffeine short-term may be more 

likely to experience symptoms of withdrawal such as headaches, fatigue, and stress 

(Liebermann et al., 1987; Smith, 2002). This may be due to a normal, high caffeine intake, or 

a placebo effect wherein they anticipate an improvement in their cognitive and psychological 

functioning with caffeine consumption and consequently expect negative impacts with a short 

abstention from caffeine (Smith, 2002; Nowaczewska et al., 2020). Despite the unstable 

evidence, the DSM-5 has classified caffeine use disorder as a new potential diagnosis under 

substance use disorders, albeit still requiring further study (Addicott, 2014; Meredith et al., 

2013).  

1.4 Daily intake and use rates 

The recommended daily intake for caffeine consumption is around 210mg per day for an 

adult, this equates to 3 mg/kg for the average-sized adult before it reaches adverse effect 

levels (Thomson & Scheiss, 2011). For young persons over 12 years of age, the daily 
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recommended intake is limited to 100-120 mg, with no defined safe caffeine limit for those 

under the age of 12 (FSANZ, 2021). Given the rate of coffee consumption per capita, New 

Zealand is one of the top 20 countries in the world when it comes to drinking coffee. It is 

estimated that the average daily intake of caffeine for New Zealanders is around 3.6mg/kg, 

higher than the daily average for the United States but similar to Japan at 2.4mg/kg and 

3.7mg/kg, respectively (Stachyshyn et al., 2021). An estimated 73% of New Zealanders 

consume caffeine daily through food and beverage products including, but not limited to, 

coffee, tea, and chocolate (Ministry of Primary Industries, 2012). The daily consumption 

rates of New Zealanders also differ between children, adults, and adolescents, with older 

generations consuming caffeine more so than their younger counterparts. In a New Zealand 

study performed by Thomson and Scheiss (2011), 95% of adults and 96% of those older than 

65 years of age recalled consuming caffeinated products within the last 24 hours. In 

comparison, 73% of children and 79% of adolescents had recalled consuming caffeinated 

products within the same period (Thomson & Scheiss, 2011). This demonstrates that an 

individual’s daily intake of caffeine is more likely to increase over the span of their 

development as their taste preferences and lifestyle habits change and influence caffeine 

consumption.  

1.5 Popular products 

As caffeine consumption increases over the lifespan, preferences for different caffeinated 

products may change or broaden from youth into adulthood. Humans have always invented 

and refined ways to consume products including psychoactive substances so that they can be 

agreeable between different people, cultures, and generations. This has culminated in an 

abundance of various, globally recognisable caffeinated products, enabling the growth and 

popularity of companies whose most profitable products often contain caffeine. This is 

particularly evident with companies such as Coca-Cola, Nestle, Red Bull, and Twinings. 



16 

 

Subsequently, these caffeinated products will vary regarding how much caffeine they contain 

between similar or completely different products. For example, the caffeine content of coffee 

depends on the time and method of its preparation (Caprioli et al., 2015). Whilst brewed 

coffee will contain more caffeine than an espresso coffee shot, these espresso shots have a 

higher caffeine concentration by volume than brewed coffee, 64mg caffeine per ounce and 

96mg per 8 ounces, respectively. Likewise, a 12-ounce beverage of caffeinated soft drink can 

contain 30-40mg of caffeine whilst the amount of caffeine in energy drinks vary wildly from 

40-250mg per 8 ounces of drink (FDA, 2018). For those over 15 years of age, caffeine is 

mostly consumed through tea and coffee, whilst those aged between 5-15 years old typically 

consume caffeine through tea and kola-type soft drinks such as Coke (Thomson & Scheiss, 

2011).            

 This is problematic as unlike coffee and tea, soft drinks are more palatable due to their 

sweeter taste, energy drinks also have this same problem. Alongside an increasing sense of 

autonomy and willingness to experiment, this may heighten adolescent vulnerability to 

overconsuming the caffeine safe limit than adults (Fagan et al., 2020). They also may not be 

entirely aware of how much caffeine they are consuming daily. A Canadian study performed 

by Brittany et al (2018) found that young people aged between 12 and 24 years old displayed 

little knowledge of the safest limit for caffeine daily intake (94.9%). The participants also had 

difficulty in selecting the beverage with the most amount of caffeine when asked to pick 

which drink they believed to have the most caffeine (Brittany et al., 2018). The ignorance 

regarding the basic dietary information of caffeinated products may also increase the 

likelihood of young people exceeding the daily safe limit of caffeine. 

1.6 Relationship with nicotine 

Polysubstance or polydrug use is a common phenomenon amongst most substance users in 

which an individual uses two or more substances (Connor et al., 2014). Whilst polysubstance 
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use is commonly associated with the use of harder substances such as alcohol or cocaine, 

those who frequently consume caffeine tend to use another substance alongside it, most 

notably nicotine (Murray et al., 2015). Both of these substances are often used 

simultaneously, with the use of either substance increasing the likelihood for the use of the 

other. The odds of smoking are increased by 55% if caffeine is being consumed (Treloar et 

al., 2014). Likewise, the consumption of caffeine is higher in smokers than it is in non-

smokers, with 88.6% of smokers reporting higher rates of coffee consumption compared to 

77.2% of non-smokers (Treloar et al., 2014). This effect may be attributed to smoking 

increasing caffeine’s metabolism or that caffeine can make cigarettes more palatable (Treloar 

et al., 2014; Swanson et al., 2017). 

 

 2.0 Nicotine 

2.0 A brief overview of nicotine 

Like caffeine, nicotine is a CNS stimulant that is legally available for use in the general 

population. The drug is also an alkaloid, found in plants including the tobacco plant species, 

the nightshade plant family, and some crops such as potatoes and tomatoes. Historically, 

nicotine was first used by the early Americans who cultivated and farmed the tobacco plant 

(Gately, 2002). Initially, they snuffed and smoked tobacco to experience the mild stimulant 

effects that the plant’s nicotine content produced. Eventually, it became used for other things 

such as rituals and medicine (Gately, 2002). The later colonisation of the Americas 

introduced tobacco smoking to Europe in the 1550’s through the Spanish, Portuguese, and 

English sailors. It was later introduced to Asia in the 1570’s when Spain opened up a trans-

pacific trade route (Gately, 2002; Dani & Balfour, 2011). However, multiple countries 

regulate the availability and purchase of nicotine for their respective populations by placing 
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age restrictions upon its related products. These age restriction laws began in the 1880s and 

increased during the early 1900s following years of awareness for tobacco’s addictiveness, 

identification of nicotine as a poison, and linking pipe smoking with cancers of the lip and 

throat (Apollonio & Glantz, 2016). Currently, in the United States, the selling and purchase 

age of nicotine products is 21 years old, compared to most countries such as New Zealand 

wherein the legal purchase age is 18 years old. Despite the quantity of information regarding 

the potential outcomes of nicotine use, it remains a popular substance of choice with an 

estimated 1.27 billion people consuming nicotine daily, primarily through the use of tobacco 

products (Mishra et al., 2015).  

2.1 Actions of nicotine 

Once nicotine enters the body, it is absorbed into the bloodstream and metabolised by the 

liver which enables it to exert its effects on the CNS, alongside the renal and autonomic 

nervous systems (Sahay et al., 2012). However, unlike caffeine, only low doses of nicotine 

are needed to exert its effects on both the CNS and renal system (Mendelson et al., 2005). 

Within the CNS is a subcategory of acetylcholine receptors known as nicotinic acetylcholine 

receptors, located at pre and post-synaptic sites of ligand-gated ion channels which allow 

nicotine to open and allow the flux of cations to depolarise the neuron (Crooks & Dwoskin, 

1997; Buisson & Bertrand, 2002). There are two different subunits of nicotinic receptors in 

the CNS, α (α2-9) and β (β2-4); with α4 and β2 being the most common in the brain (Crooks 

& Dwoskin, 1997; Buisson & Bertrand, 2002). When nicotine binds to nicotinic receptors, it 

acts as a CNS agonist, particularly within the mesolimbic system of the brain, including 

increasing dopaminergic neuronal activity in the ventral tegmental area (VTA) and 

stimulating the release of dopamine within the nucleus accumbens (Crooks & Dwoskin, 

1997; Buisson & Bertrand, 2002). 
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2.2 Dopamine and nicotine  

Dopamine is one of the five monoamine neurotransmitters (NT) considered vital for 

numerous cognitive and motor functions including spatial memory, reward reinforcement, 

and control of movement (Sotnikova et al., 2010; Berke, 2018). As it is produced within the 

central, autonomic, and peripheral nervous systems including the kidneys and gut, its 

receptors are spread throughout the body; albeit most are located within the CNS (Jose et al., 

2002; Klein et al., 2019). As dopaminergic neurons have g protein-coupled receptors, it 

cannot be classed as either an excitatory or inhibitory NT since its effects are largely 

dependent on the type of dopamine receptor that it binds to on presynaptic neurons (Bahtia et 

al., 2020; Klein et al., 2019). There are five types of dopamine receptors (D1-5), all of which 

have different primary functions. Both D1 and D2 are the most prominent within the CNS, 

and are typically found along the nigrostriatal, mesocortical, and mesolimbic pathways of the 

CNS; projecting between areas of the brain such as the amygdala, hippocampus, nucleus 

accumbens, and prefrontal cortex (Klein et al., 2019). This allows dopamine to control for 

functions such as attention, motor, sleep, and memory (Bhatia et al., 2020). The stimulation 

of dopamine within these pathways can also enable a reward-reinforcement association 

between stimuli and outcome, or behaviour and consequence. This is primarily how 

nicotine’s addictive potential works. Its dopamine agonism within the VTA and nucleus 

accumbens affects the brain areas along the dopaminergic pathways such as the amygdala 

and prefrontal cortex. Within milliseconds of exposure to the stimuli or behaviour (nicotine 

use through tobacco smoking), the subsequent dopamine release in the CNS that follows 

nicotine use acts as a positive reinforcement factor. This allows an individual to associate 

smoking tobacco with positive feelings that are a rewarding consequence of nicotine use. 
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2.3 Physiological and cognitive side effects 

Nicotine’s release of the catecholamine dopamine also allows it to affect the individual’s 

entire physiology as dopaminergic receptors are also widespread throughout the peripheral 

and autonomic nervous systems. This enables nicotine to produce various physiological 

effects on the individual and their metabolism. The primary physiological effects of nicotine 

use often include an increase in heart rate, blood pressure, and a reduction in the fasting of 

blood glucose levels which leads to a suppression of appetite (Sahay et al., 2012; Moebus et 

al., 2011). These physiological effects could be due to nicotine’s indirect influence on the 

kidneys, which are important for the release of hormones such as vitamin D and cortisol 

(Mishra et al., 2015; Sahay et al., 2012). Lower doses of nicotine may stimulate the release of 

the hormone adrenaline from the HPA axis, with higher doses releasing cortisol alongside 

adrenaline (Badrick et al., 2007; Mendelson et al., 2005). This effect also increases the risk 

for medical issues which are correlated with regular nicotine use such as chronic kidney 

disease, cardiovascular disease, and a dysfunctioning immune system. One serious 

physiological side effect caused by chronic nicotine use through tobacco smoking is the 

build-up of ‘tar’ on the lungs, colloquially known as black lungs, which can restrict the 

individual’s breathing capabilities. Cancers of the lungs, mouth, and throat are also serious 

physiological side effects that can be caused by regular nicotine use since it is a carcinogenic 

poison.           

 Conversely, the effect nicotine has on dopamine release within the CNS typically 

gives its users a mild sense of euphoria and even some cognitive enhancement including 

performances on attention and to an extent, working memory (Markou, 2008; Lawrence et 

al., 2002). This is evident in studies that experiment with nicotine’s effects on psychomotor 

performance wherein information is required to be visually processed. On average, smokers 

are shown to have better performances than non-smokers (Wesnes & Warburton, 1983; 
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Sherwood, 1993). Brain imaging also demonstrates that nicotine increases the activity of the 

prefrontal cortex and visual processing systems within the CNS (Sahay et al., 2012). 

However, these positive effects only tend to affect those who are occasional nicotine users. 

Those who regularly use nicotine via cigarette smoking are more likely to experience 

cognitive deficits regarding their auditory learning, executive skills such as planning, and 

working memory (Valentine & Sofuoglu, 2018).  

2.4 Nicotine addiction 

However, one of the biggest cognitive risk factors regarding nicotine use is addiction. 

Nicotine use, primarily through smoking tobacco cigarettes is one of the biggest and most 

preventable public health concerns in general society. Under substance use disorders in the 

Diagnostic and Statistical Manual of Mental Disorders-5, tobacco use disorder is classified as 

a “problematic pattern of tobacco use leading to clinically significant impairment or distress, 

manifested by two of the listed criteria occurring within a 12-month period” (APA, 2013). 

There are 11 listed criteria for this disorder including symptoms such as unsuccessful efforts 

to lower or control use, cravings, and the presence of either tolerance and/ or withdrawal 

(APA, 2013). This disorder is generally comorbid with other mental health disorders such as 

schizophrenia, anxiety, and mood disorders (e.g., depression) which may predispose an 

individual to use nicotine and increase addiction (Camenga & Klein, 2016).  

 There are two approaches nicotine has that allow the potential for addiction 

(Benowitz, 2010). The first involves the positive reinforcement through feelings of mild 

euphoria and calmness which the dopamine release within the nucleus accumbens produces. 

The second method involves negative reinforcement that affects both the brain and body. 

This is demonstrable by the withdrawal symptoms that a smoker can experience once 

nicotine leaves their body. Nicotine takes between one and 10 days to exit the body. The less 

an individual uses, the less likely they are to experience withdrawal symptoms due to a faster 
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exit of nicotine from their body (Mishra et al., 2015). Likewise, the more nicotine an 

individual uses, the more likely they are to experience withdrawal symptoms due to the 

longer period required for a high nicotine content to exit the body (Mishra et al., 2015). 

Common nicotine withdrawal symptoms typically include irritability, anxiety, and a 

depressed mood, all of which makes quitting nicotine difficult (Mishra et al., 2015). At least 

80% of regular smokers who attempt to quit begin smoking again within a month whilst only 

3% manage to quit successfully the first time (Benowitz, 2010).  

2.5 Current New Zealand smoking rates  

Due to the health-related concerns caused by nicotine use through tobacco smoking, the New 

Zealand government launched a nationwide smoke-free campaign intending to reduce the use 

of cigarettes by New Zealand citizens. The goal is to reduce the percentage of smokers in the 

population to 5% by the year 2025 (Smokefree NZ, 2020). To achieve this goal, the 

Government introduced numerous initiatives such as the prohibition of smoking in cars, 

improving services that aimed to prevent smoking, and a tobacco tax which increased each 

year by 10% between 2010 and 2020, and (Ministry of Health NZ, 2021). Currently, the daily 

rates of nicotine use through tobacco smoking in New Zealand for adults aged 15 years or 

older is estimated to be around 11.6% as of 2019/20 (Smokefree NZ, 2020). In comparison, 

the smoking rates of New Zealand adults during 2006/7 when the campaign began was at 

18% (Smokefree NZ, 2020; Ministry of Health NZ, 2021). Despite the overall decrease in 

smoking rates between different demographics, New Zealand Māori still have the highest 

rates of smoking compared to other ethnicities at 28.7%. This is over-representative of their 

demographic group within the New Zealand population, compared to 10.1% of New Zealand 

Europeans which is under representative of this demographic (Stats NZ, 2020). The smoking 

rates amongst New Zealand adolescents aged between 15 and 17 years old have also 

decreased. With the rates of smoking for this age group falling from 14% to 3% between 
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2006/7 and 2019/20, respectively (Smokefree NZ, 2020). Likewise, the smoking rates for 

young New Zealanders aged between 14 and 15 years old has also decreased to 1.9% as of 

2019/20 compared to 15.2% back in the year 2000 (Smokefree NZ, 2020).  

2.6 Popular products 

Whilst regular tobacco cigarettes remain popular with adolescents, nicotinic vape pens or 

electronic cigarettes are increasing in their popularity amongst adolescents, including with 

those in New Zealand (Oakly, 2016; Pew Research Centre, 2019). A New Zealand study 

found that in 2018, 38% of 14–15-year-olds had tried vaping compared to 29% in 2016; with 

those who vaped daily increasing to 1.9% in 2018 from 0.7% in 2014 (Lucas et al., 2020). 

Vape pens were created to help with smoking cessation, providing relief from nicotinic 

withdrawal symptoms, whilst the lower content of toxic chemicals in the aerosol made them 

95% safer than regular cigarettes (Dawkins et al., 2013; Smokefree NZ, 2020; Lucas et al., 

2020). Similar to caffeinated energy drinks, what is concerning about adolescents using vape 

pens is the range of fruity flavours that the cartridges for vape pens come in. Lucas et al 

(2020) found that one of the top reasons that 59% of current vapers had given for using vape 

pens was that they enjoyed the taste or flavours of the provided vape cartridges. Most users 

prefer fruity and sweet flavours which makes nicotine more palatable compared to regular 

cigarettes (CDC, 2021). This is problematic as adolescents may not be aware of how much 

nicotine they are consuming and the potential for health risks that can follow. Vape pens 

could also provide shorter-term health problems as evidenced by an increase in lung injuries 

amongst e-cigarette users. Vape pens work by heating the liquid into water vapour which 

users then inhale. This can injure their lungs and experience symptoms such as coughing, 

body aches, fever, and nausea.  
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2.7 Nicotine and related caffeine use during adolescence  

Similar to caffeine, tobacco is a popular substance to try during adolescence. It is estimated 

that around 90% of adult smokers began before the age of 18 years old (Ren & Lotfipour, 

2019). This is foreseeable given that an estimated 70% of adolescents have reported trying 

cigarette smoking at least once before 18 years of age (Goriounova & Mansvelder, 2012). 

Individuals who begin smoking at a younger age elevate their chances of nicotine addiction 

compared to those who start later in life. According to Smokefree NZ (2020), the average age 

to start smoking begins at 14.8 years old despite the implementation of age restriction laws on 

nicotine products. Navigating the smoking laws is typically made possible by adolescents 

acquiring nicotine products through others who are of legal age and willing to purchase these 

for underage persons (Lucas et al., 2020). Most adolescent vapers (64%) aged 14-15 years 

old acquired their e-cigarettes through either a friend or a family member other than a parent 

(Lucas et al., 2020). Conversely, they may also be able to purchase nicotine products 

themselves at corner shops or other establishments that do not adhere to the laws regarding 

the sale of nicotine products to minors. Given that caffeine is also popular with adolescents, 

there is a concern that both caffeine and nicotine use during adolescence may influence each 

other’s consumption through a dose-dependent relationship (Klesges et al., 1994). Previous 

studies have demonstrated a relationship between the use of caffeinated energy drinks and 

smoking during adolescence, suggesting that greater caffeine levels may enable young people 

to try smoking earlier or more frequently (Mann et al., 2016; Kinnunen et al., 2018). The 

causes behind this effect are uncertain due to the complexity and diversity underlying the 

reasoning of different individuals (Iudici et al., 2015). For adolescents, these may include 

expectations of negligible escapist fun, enhancing cognition, unintentionality, and self-

medicating feelings of distress (Kataja et al., 2019).  

 



25 

 

3.0 Adolescence  

3.0 A brief overview of adolescence and accompanying substance use 

Adolescence is the developmental age period that encompasses the transition between 

childhood and adulthood (Sawyer et al., 2018). Three stages define the adolescent period: 

early (10-13 years old), middle (14-17 years old), and late (18-21 years old) and encompasses 

physiological, psychological, and social change and development (WHO, 2021). Whilst it is 

mostly equated with the onset of puberty and reproductive maturity, the development of the 

cognitive, psychological, and social facets of this period are particularly important as the 

maturation of these continue after the body has reached reproductive maturity. Compared to 

childhood, social development in the form of peer relationships become a greater influence 

on adolescents, replacing parental relationships as the main source of influence in their life 

(Dijkstra & Gest, 2015). Feelings or experiences of social pressures to conform and be 

accepted by others are also normal for adolescents. If an individual is perceived to be 

demonstrating behaviours that conflict with the behavioural norm, they may be at risk for 

peer rejection (Wright et al., 1986). This behavioural conformity may contribute to, or 

partially explain the increase in risk-taking or boundary pushing behaviours that are typically 

associated with adolescence including substance use and experimenting with new methods in 

which to use them (Konrad et al., 2013; Dahl, 2004). This theory could be evidenced by their 

changing or expanding preferences from cola-type soft drinks to energy drinks as a source of 

caffeine. It could also pertain to why many adolescents try nicotine through either regular 

cigarettes and/ or vape pens. Conversely, there are other experiences and/ or psychological 

pressures that are common during adolescence that may also lead to using substances 

including academic, familial, and cultural. For example, academic pressures may lead to the 

use of caffeinated beverages such as energy drinks to maintain focus for lectures and late-
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night study. Likewise, nicotine may be used for emotional regulation and calm feelings of 

stress relating to assignments.  

3.1 Adolescent brain development  

The cognitive development that the adolescent brain undergoes during this age period may 

also underlie why adolescents experiment with substances. During adolescence, the brain 

undergoes a restructuring process through a dramatic loss of their neural connections or 

synaptic pruning (Huttenlocher, 1994; Konrad et al., 2013). Multiple neuroimaging studies 

examining the brains of children and adolescents have found that 14-year-old adolescents 

display greater white matter in their frontal and parietal cortices, but a decrease in their grey 

matter volume compared to nine-year-olds (Blakemore, 2011). To summarise, a 14-year-old 

adolescent will have a reduced number of neurons and neural connections in some areas of 

their brain compared to childhood. The synapses or neural connections that are formed in 

childhood but survive pruning during adolescence are typically thought to be those that are 

used more (Konrad et al., 2013). The grey matter completes its maturation from the back to 

the front of the forebrain (Winters & Arria, 2011), starting with the primary sensorimotor 

cortex, with the prefrontal and parietal cortices only completing their grey matter 

development in late adolescence and young adulthood (Konrad et al., 2013). Because of this, 

adolescent brains tend to favour the amygdala and nucleus accumbens of the limbic and 

reward systems in the decision-making process during emotional or reward-based situations 

(Geier et al., 2010). This may increase the likelihood of adolescents to act on sensation-

seeking behaviours that are emotionally driven such as drug-taking because those behaviours 

will immediately gratify them, irrespective of the consequences. This can make them less 

likely to act on behaviours that will ensure better long-term outcomes such as health 

preservation. 
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3.2 Substance use on brain development 

During the brain’s restructuring process, its neural plasticity allows the growth of new 

neuronal connections to be influenced by different factors and experiences that can occur 

during the adolescent period (Squeglia et al., 2011). This effect can also impact the 

developmental outcomes for adulthood. If factors such as familial and peer relationships are 

regularly positive during adolescence, this will have a beneficial impact on their neural 

connections and optimise the likelihood of better cognitive, social, and behavioural outcomes. 

Conversely, factors such as bullying, chronic stress, and head injuries that occur during 

adolescence have the potential to alter progress for optimal brain development, and instead 

increase the likelihood of negative developmental outcomes in adulthood. Substance use is 

one such factor. Whilst there is little evidence to suggest that a single lifetime substance use 

episode during the period of adolescence will negatively impact brain maturation, it is evident 

that regular and heavier exposure can hinder brain development (Winters & Arria, 2011; 

Squeglia et al., 2009). According to two longitudinal New Zealand studies, earlier and 

heavier use of cannabis beginning in adolescence does negatively affect human brain 

structure, including general intelligence, academic achievement, financial stability, and 

higher rates of relationship conflict and antisocial behaviour at work (Poulton et al., 2020). 

For caffeine and nicotine, their separate usages have also demonstrated similar effects on 

brain development during adolescence in animal models. Previous studies using rats have 

found that regular nicotine exposure increased their reward sensitivity to other substances, 

decreased their impulse control, cognition, and executive functioning, and additionally, 

disrupted their hippocampal learning (Ren & Lotfipour, 2019). Likewise, caffeine has been 

found to increase sensitivity and reward reinforcement with other substances such as cocaine, 

which works on the same reward system as nicotine (Larson et al., 2019).  
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3.3 Potential relationship to anxiety 

Given the adolescent penchant for caffeine and nicotine use, this makes the potential 

combination of both drugs a concern if they are used regularly during this developmental age 

period. The regular use of either substance has demonstrated negative cognitive effects which 

substantiates the concern that regular use can result in hindering brain maturation. Alongside 

the increased risk for addiction and further drug experimentation with harder substances, 

other psychological and behavioural vulnerabilities may be increased (Larson et al., 2019). 

The singular use of either caffeine or nicotine can affect and heighten depressive-like and 

anxiogenic behaviours due to their effects on the CNS and other nervous systems. As 

aforementioned, nicotine withdrawal and caffeine intake symptoms can heighten feelings of 

stress, anxiety, and anxious behaviours in both adolescence and adulthood (Richards & 

Smith, 2015). Prolonged feelings of stress, anxiety and related behaviours are likely to have a 

negative impact on adolescent brain development. The individual’s neural connections may 

become structured in a manner that increases the risk of these feelings or behaviours 

becoming stable in adulthood as these experiences would be repeated and learned. This may 

also make an individual vulnerable to mood and anxiety disorders during early adulthood 

(Larson et al., 2019). Particularly if the use of either nicotine and/ or caffeine regularly causes 

these side effects in the individual. Albeit side effects are dependent on several factors such 

as body weight to exposure ratio, the product, and susceptibility to mood disorders and 

emotional regulation skills in anxiety-provoking situations. 
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4.0 Anxiety 

4.0 A brief overview of anxiety 

Anxiety is a common psychological and behavioural state that is experienced by both humans 

and animals alike. Anxiety and anxious feelings are typically characterised by the activation 

of the autonomic and neuroendocrine systems, including an increase in arousal and 

behavioural patterns (Steimer, 2002). It is normally induced by perceived threats towards 

one’s survival, whether real, potential, or imagined (Steimer, 2002). Common anxiety-

provoking situations may include public speaking, exams, and heights. When anxiety 

becomes pathological or disordered, it begins to interfere with our daily physical and 

psychological functioning (Steimer, 2002). Anxiety disorders are one of the most common or 

globally experienced mental health issues (Bandelow & Michaelis, 2015). It is estimated that 

33.7% of the general global population will have experienced and lived with an anxiety 

disorder at some point during their lifetime (Bandelow & Michaelis, 2015). Diagnosis rates 

of anxiety disorders tend to increase with age, with rates only decreasing after 50 years of 

age; the peak diagnoses occur during the 18-25 age period, but the median age of onset is 11 

years old (Goodwin et al., 2020; Bandelow & Michaelis, 2015; Siegel & Dickstein, 2012). 

The development of this psychiatric disorder can be instigated by the accumulation of 

multiple factors and experiences throughout childhood and into adulthood, including trauma, 

abuse, or other chronic stressors that could negatively impact the brain (Bhatia & Goyal, 

2018). According to the American Psychiatric Association (2013), those who have anxiety 

disorders are characterised as experiencing recurring or intrusive thoughts or concerns, as 

well as physical symptoms such as rapid heartbeat and dizziness. Many people with anxiety 

disorders will live with the symptoms for at least two years before getting help or receiving a 

correct diagnosis (Bandelow & Michaelis, 2015). 
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4.1 The cognitive pathways of anxiety 

There are several parts of the brain which are commonly associated with anxiety, due to their 

responsibility in fear conditioning and how an individual perceives potential threats. These 

areas include the HPA axis; the limbic system which involves the amygdala and 

hippocampus; and the dorsolateral and ventrolateral areas of the prefrontal cortex, alongside 

other cortices and sub-cortices of the brain (Martin et al., 2019). The brainstem, which is 

associated with sensory information and processing has been proposed as the primary brain 

area that monitors the environment for potential threats (Harth & Unnikrishnan, 1985). This 

relays the sensory information from the surrounding environment to the limbic system 

wherein such information can affect an emotional reaction within the individual. These 

emotional reactions can be caused by a real threat; inferences from memories if similar events 

had happened previously; or false premature beliefs if the mind is unfamiliar with the new 

object or environment (Venkatraman et al., 2017).       

 Like mood disorders, anxiety disorders are due to an imbalance within the limbic 

system or emotional centre of the brain, rather than an imbalance within the centres typically 

associated with high cognitive activity such as the frontal cortex (Martin et al., 2009). In the 

brains of individuals with anxiety disorders the amygdala, which is most associated with 

expressing fear and anger, displays faulty neural connections with the prefrontal cortex which 

controls behaviour (Martin et al., 2009). Previous neuroimaging studies in human 

adolescents have found that those with generalised anxiety disorder (GAD) demonstrate an 

increase in their amygdala activity whilst simultaneously displaying a decrease in activity for 

their ventrolateral prefrontal cortex (Monk et al., 2008). Conversely, the activation of the 

ventromedial prefrontal cortex in those without anxiety disorders suppresses the activation of 

the amygdala (Monk et al., 2008).  
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4.2 Role of main neurotransmitter pathways 

4.2.1 The NT pathways involved in communication between the neurons of the limbic system 

and frontal sub-cortices are also important for the functioning of both anxiety and anxiety 

disorders (Martin et al., 2009). The most implicated in this process is the g-aminobutyric 

acid-ergic (GABA) system, which is inherently responsible for exerting the inhibitory effects 

of GABA on the CNS whilst counterbalancing the excitatory effects of the NT glutamate 

(Martin et al., 2009; Lydiard, 2003). The limbic system is thought to have a modulating effect 

on anxiety due to its considerably high concentration of GABAergic neurons (Griffin et al., 

2013). The agonism of GABA-ergic receptors in the amygdala has previously demonstrated 

decreased measures of fear in animal subjects, whilst its antagonism has demonstrated the 

opposite effect (Sanders & Shekhar, 1995; Barbalho et al., 2009). Those with anxiety have a 

down-regulated GABA system, meaning that GABA-ergic receptors have a decreased 

affinity or sensitivity to the NT because of the chronic exposure to it. This is evidenced by 

previous studies that have tested the GABA levels which found that healthy controls had 

higher GABA levels compared to those with anxiety (Nuss, 2015). This can be demonstrated 

by GABA agonism following administration of benzodiazepines, which are effective drugs 

for reducing anxiety symptoms through increased sensitivity of GABAA receptors for the NT 

(Nuss, 2015; Lydiard, 2003; Rosenbaum et al., 2005).  

4.2.2 Serotonin (5-hydroxy-tryptamine, 5-HT) is also implicated for its modulatory role on 

anxiety. The serotonergic system of the brain originates in the raphe nuclei of the brainstem, 

which produces 5-HT to regulate the signals between neurons and the intensity of these 

signals (Albert et al., 2014). The release of 5-HT activates the heteroreceptors of the 

hippocampus, hypothalamus, amygdala, and prefrontal cortex wherein it can mediate fear, 

stress, and cognitive functioning through an inhibitory neuronal effect (Ciranna, 2006; Albert 

et al., 2014; Kahn et al., 1988). How serotonin affects anxiety is not entirely clear as its 
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effects depend on numerous factors such as the receptor type, function, and pre and post 

synaptic potentials (Barnes & Sharp, 1999). The serotonergic system and the HPA axis are 

closely linked to each other as the latter has some control over 5-HT synthesis (Keck et al., 

2005). This is attainable through the packaging of NTs with neuropeptides such as oxytocin 

and corticotropin releasing factor (CRF), which are important for aiding the regulation of the 

neuroendocrine and adrenal systems (Martin et al., 2009). In particular, the CRF of the 

hypothalamic paraventricular nucleus is primarily linked to the activation of the HPA axis 

through the stimulation of the adrenocorticotropic hormone in the anterior pituitary gland 

(Martin et al., 2009). This enables the production and release of glucocorticoids such as 

cortisol in periods of stress.         

 Previous animal studies have shown that 5-HT1A receptors in the hippocampus, 

basomedial amygdaloid nuclei, and hypothalamus become desensitised to serotonin after 

chronic exposure to corticosteroids or stress (Albert et al., 2014). Likewise in humans, 5-

HT1A receptors are reduced in the amygdala and cingulate gyrus, whilst demonstrating higher 

plasma levels of cortisol (Lazenberger et al., 2010). In a circulatory process, the chronic 

exposure to stress and subsequently cortisol, decreases the hippocampus’s inhibitory effects 

on the HPA axis, allowing the latter to prolong the body’s stress response (Mahar et al., 2014; 

Jankord & Herman, 2008).  

4.3 Physiological role of stress on the brain 

The exposure to chronic stress and the repeated physiological responses from the nervous 

systems in response to it has already demonstrated that these effects can change the 

morphology of the adolescent brain and affect their cognitive and psychological functioning 

into adulthood (Eiland & Romeo, 2013). A study performed by Isgor et al (2004) found that 

adolescent rats who were exposed to varying chronic stressors had a significant increase in 

the volume of their dentate gyrus, and of the pyramidal cells in the cornu ammonis regions of 
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their hippocampus which continued into their adulthood. Eiland et al (2012) also found that 

the chronic exposure to stress adolescent rats faced correlated with the pyramidal cell atrophy 

in both the cornu ammonis region as well as the prelimbic region of the prefrontal cortex. 

Their brains also exhibited an increase in, or hypertrophy of dendritic material within the 

basolateral amygdala (Eiland et al., 2012), an effect that can last until stress and anxiety have 

subsided (Adamec et al., 2012). Alongside these cognitive changes, rats who were 

chronically exposed to restraint stress displayed an observable increase in anhedonia and their 

locomotion when exposed to novelty (Eiland et al., 2012). These findings may provide 

researchers an understanding as to how prolonged exposure to stress could similarly affect 

the human adolescent brain. Making adolescents particularly vulnerable to negative long-

term effects of stress on their cognitive and psychological development which could 

subsequently influence the onset of a long-term anxiety disorder (Romeo, 2013).  

4.4 Anxiety in adolescence   

During adolescence and young adulthood, the likelihood of experiencing anxiety and/ or 

developing an anxiety disorder is greatly increased. In New Zealand, the rates of anxiety 

disorders in pre-adolescence are around 7%, whilst the rates during middle adolescence and 

late adolescence are 13% and 17%, respectively (Wilson & Nicholson, 2020). These 

increases in anxiety are likely attributed to the rise of stressors or anxiety-provoking 

situations that typically follow the developmental transition from childhood to adolescence. 

Such stressors that can accompany this transition often include increasing pressure towards 

school/ academic performance, and additionally an increase in their desire for social 

acceptance or inclusion (Goodwin et al., 2020). Rates of anxiety disorders have increased in 

adolescents and young adults compared to previous generations during the same 

developmental age period. Albeit there are numerous factors as to why this has occurred 

including the modern generation’s faster-paced lifestyle, the presence of social media which 
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depicts desirable yet unattainable lifestyles, poorer diet, and an increasing pressure to achieve 

higher education (Goodwin et al., 2020). Another possible factor for this may be this modern 

generation’s more open attitude towards mental health and willingness to seek treatment 

compared to other generations. The most common anxiety disorders that adolescents and 

young adults can experience include social anxiety, generalised anxiety disorder, separation 

anxiety, and specific phobia (e.g., arachnophobia) (Bhatia & Goyal, 2018). Whilst these 

disorders do present different characterisations, they do share common physiological and 

psychological responses or symptoms to their respective stimuli or situations that induce 

anxiety attacks. These may entail an increase in blood pressure and heart rate, feelings of 

nervousness, and a heightened sense of alertness (Wang et al., 2020). These responses or 

symptoms can often lead to the subsequent behaviours that are designed to cope with feelings 

of anxiety. 

4.5 Anxious behaviours 

Anxious behaviours are behaviours that typically ensue the physiological and psychological 

effects of anxiety when it is provoked. The physiological effects of anxiety generally include 

an increase in heart rate, tremors, or throat tightening, which can often influence the onset of 

psychological symptoms such as trouble concentrating, heightened alertness, intrusive 

thoughts, and feelings of nervousness (Wang et al., 2020). As an outlet for these internal 

reactions, an individual may subsequently behave in a manner that is designed to either limit 

or cope with the time they spend in anxiety-provoking situations. These anxious behaviours 

can often include stimming (repetitive behaviours), shadowing, and avoidance which helps to 

distract or mentally protect them from feeling the negative internal effects of anxiety. In 

adolescents and young adults, anxious behaviours may be displayed as school truancy, social 

withdrawal, and/ or poorer school performance to shield themselves from situations that 

provoke anxiety or trigger an anxiety attack (Siegel & Dickstein, 2012). Unfortunately, some 
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anxious behaviours such as avoidance or withdrawal can also be considered anxiogenic as 

they may maintain anxiety and its symptoms in a circular manner. For example, if an 

adolescent has difficulty concentrating in school because of anxiety and consequently 

receives bad grades, school truancy may closely ensue to avoid the anxiety around failing and 

difficulty concentrating. Likewise, it could also lead to social withdrawal if they feel a sense 

of inferiority when comparing their grades to other classmates. Unfortunately, these 

subsequent behavioural effects only provide temporary relief from anxiety and do nothing to 

help treat anxiety. 

4.6 Subsequent behavioural correlations with caffeine and nicotine 

The subsequent behavioural effects that arise from anxiety could continue into early 

adulthood if treatment is not sought to address these as maladaptive coping mechanisms. In 

early adulthood, these behavioural effects may be displayed as continued social withdrawal, 

impaired or decreased functioning when completing daily tasks or responsibilities that are 

associated with adulthood (e.g., deadlines), and the use of substances like nicotine or alcohol 

to manage mood and anxiety symptoms. These behaviours may also influence the onset of 

other mood disorders in adulthood such as depression or simply impact the individual’s mood 

stability, prolonging psychological and behavioural symptoms that are reminiscent of anxiety 

such as irritability. As indicated in the previous sections, both caffeine and nicotine 

separately produce side effects that are reminiscent of the physiological and psychological 

symptoms of anxiety. If the chronic use of these substances during adolescence causes 

reoccurring side effects and the subsequent anxiety behaviours, it is possible that these 

substances could impact how a young adult experiences anxiety or an anxiety disorder. 

However, it is not well understood as to how much impact these substances have on an 

individual’s subsequent anxiety-related behaviours during adulthood. As there are numerous 
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factors in adolescence that can influence anxiety and its subsequent behaviours in human 

adults. 

5. 0 Literature Review 

 

5.0 Method for conducting the literature review 

To explore the subsequent anxiety behavioural effects of caffeine and nicotine use in 

adolescence, a systematic search of the literature was performed to find studies that examined 

either the separate or combined use of these substances on anxiety. Four databases were used 

to find the relevant literature: PsychArticles, PsycInfo, CINHAL, and Google Scholar. 

Variants of key words or descriptors were used to find the relevant articles. These included: 

caffeine* nicotine* anxiety* caffeine and anxiety* nicotine and anxiety* rodents or rats or 

mice* animal* caffeine and nicotine* anxiety effects* adolescent* adolescent or youth* 

teens* teenagers* young adults*.  

5.1 Inclusion/ Exclusion criteria 

The inclusion of relevant published studies for this review was dependent on several criteria 

that they needed to meet. These included being original, peer-reviewed studies that were 

published after the year 2000, and included the use of a known measure or test of anxiety. 

Studies that examined polysubstance use could also be included, provided that either caffeine 

or nicotine were also singularly administered and that their effects could be examined 

separately. Any articles that were either dissertations, meta-analyses, or literature reviews 

were not eligible to be included, as were studies that used human participants rather than 

animal subjects. This is because human participants can often have numerous factors that 

moderate their anxiety which cannot always be controlled for in studies. Drug treatment must 

have started either before, or by young adulthood (e.g. 60 days old for rats or 8 weeks old for 

mice), with behavioural testing either being conducted around the same time or later in 
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adulthood. Studies that did not specify or mention the ages of their animal subjects were not 

included. However, given that studies examining the simultaneous use of both caffeine and 

nicotine in adolescence are rather limited, leniency was given for the ages of the subjects.  

5.1.1 The potential eligibility of studies was determined by examining the relevancy of the 

title and abstract. If these indicated relevancy prima facie, the methods, results, and 

discussion sections were then read to determine whether the studies met the inclusion/ 

exclusion criteria. If these met the eligibility criteria, the studies were placed onto a literature 

table as a database to avoid duplication. The information of these studies was separated into 

four sections in this table: author and year, subjects, methods, and results. 
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Table 1. Literature Table 

Author(s), 

year 

       Subjects            Methods                                                Results 

    
Ardais et al., 

2014 

Male adolescent Wistar rats 

(PND28) 

Empirical, Quantitative, 

Longitudinal 

Low dose: 0.1, medium dose: 0.3 high 

dose: 1.0 g/L dissolved in tap water 

only during the dark cycle, which is 

their active period 

OF:  PND48 & 49; NOR: PND50 ; 

EPM: 52 days old 

Immunoblotting and 

immunohistochemistry 

Increase in anxiety for all caffeine rats evaluated in the EPM along with an 

associated increase of the time spent in the closed arms 

An increase in recognition short memory (object recognition) at both 

moderate and high doses of caffeine. Caffeine also affected long-term 

memory was assessed in rats  

Brain analyses: All tested doses of caffeine reduced the density of the 

astrocytic marker GFAP in the hippocampus and cerebral cortex. All tested 

doses also increased the density of A1R in the hippocampus, whereas only the 

highest dose of caffeine instead decreased A1R density in the cerebral cortex. 

 

Gulick & 

Gould, 2009 

Male C57BL/6J mice 8-12 weeks 

old 

Empirical, Quantitative, 

Longitudinal  

Caffeine (5–40 mg/kg) 

Ethanol (1.0 or 1.4 g/kg) 

EPM 

Caffeine alone impaired learning and increased anxiety across a range of 

doses that did not significantly alter locomotion. 

The moderate doses of caffeine (10–20 mg/kg) increased anxiety without 

altering learning, only the 40 mg/kg dose of caffeine impaired learning 

alongside anxiety  

Both ethanol and caffeine produced deficits in learning to associate the 

aversive arm with the cues presented in it. Caffeine failed to reverse ethanol-

induced learning deficits. Although ethanol did block the anxiogenic effect of 

caffeine. 

    

da Silva 

Gonçalves et 

al., 2019 

Swiss mice N= 264; 128 females 

and 136 males 

Caffeine: administered all prenatal and 

postnatal life (CAF, 0.1 g/l to drink).  

PND45: Caffeine, tobacco smoke and co-exposure did not produce significant 

alterations in anxiety-like behaviors and 10 days after smoke withdrawal. 
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Life course, pre and post-natal (75 

days old) 

Four groups: (1) CAF + SMK 

exposure (tobacco smoke + caffeine 

solution); (2) SMK exposure; 

(tobacco smoke + filtered water); 

(3) CAF exposure (ambient 

air + caffeine solution); (4) Control 

(ambient air + filtered water). 

Empirical, Quantitative, 

Longitudinal 

PND30–45, research cigarettes type 

3R4F (nicotine = 0.73 mg/per cigarette) 

whole body exposure, 8hr a day. 

Filtered water   

Ambient air 

EPM 

However, at long-term withdrawal, CAF + SMK animals exhibited anxiogenic 

behaviours. 

Exposure to caffeine reduced the %Time in center arena at both time points 

during adolescence. However, at adulthood 75 days old this effect of caffeine 

was not observed. 

 

 

 

  

 

  

    
    

O’Neill et 

al., 2016 
Adolescent and adult male Sprague-

Dawley rats 

Empirical, Quantitative, 

Longitudinal 

Caffeine (0.3 g/L) for 28 days 

occurring continuously  

Treatment: PND28-55 for adolescents 

and PND67-94 for adults. 

Control rats: water 

Behavioural test ages: adolescent: 

PND62-69; adult: PND102-109 

EPM ; OF ; Social interaction test; 

Pedestal stress exposure 

EPM: Seven days withdrawal from caffeine consumption during adolescence 

decreased time spent on the open arms and entries. This was affected by 

adolescent caffeine consumption rates. Adults showed no significant 

differences 

OF:  Caffeine withdrawal during adolescence but not adulthood decreased 

percent time spent in the center of the open field. No group differences in total 

locomotion  

Social interaction:  Adolescent caffeine consumption decreased the total 

amount of social interaction following withdrawal but not for adults.  

Brain analyses: Caffeine withdrawal increased blood corticosterone levels 

whilst decreasing adrenal gland sensitivity in adulthood. Adolescent caffeine 

consumption increased basal c-fos expression in the paraventricular nucleus of 
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Blood testing; Histochemistry; 

Autoradiography; Immunosorbent 

assays; ACTH assays 

the hypothalamus in addition to increasing basal Crf expression in the central 

nucleus of the amygdala in adulthood. 

Sweeney et 

al., 2016  

AgRP-IRES-Cre transgenic mice; 

Male and female mice between the 

ages of 4 and 8 weeks  

Empirical, Quantitative, Cross-

sectional 

Acute Caffeine: (6 mg/kg, 12 mg/kg, 

and 24 mg/kg; dissolved in 200 μl 

0.9% saline) 

Saline:  (0.9% saline; 200 μl)  

Chronic caffeine: (20 mg/kg in 200 μl 

0.9% saline) 

Food consumption test; OF 

Both 6 mg/kg and 12 mg/kg doses of caffeine significantly increased food 

intake. However, no significant effect of caffeine administration was observed 

following 24 mg/kg caffeine injections.  

OF: Acute administration of caffeine demonstrated an anxiolytic effect. 

Through increased entries and time into the centre. 

Caffeine withdrawal produced no significant anxiogenic effects 

Ibrahim et 

al., 2020 

One hundred weaned male Swiss 

albino mice (PND22) 

Empirical, Quantitative, Cross-

sectional 

Caffeine (50 and 100 mg kg−1) was 

dissolved in sterile normal saline 

solution NaCl 0.9% (2.5 mg ml−1) 

SCM; OF; NOR; EPM ; Social 

avoidance test; FST 

Brain tissue 

 

 

SCM exposure did have an anxiogenic effect in the social interaction and 

EPM, with an anhedonic effect in the FST. However, the behavioural effects 

in the FST and social avoidance test improved if treated with caffeine. 

Although this did not occur for the EPM 

Caffeine treatment of normal subjects, administered 50 mg/kg did have an 

anxiolytic effect as it significantly increased the time spent in the center 

squares of the OF. However, 100 mg/kg of caffeine treatment in normal mice 

did show an anxiogenic effect in the EPM. 

Brian tissue analysis: SCM showed significant elevation in expression of 

ATPase-α2 in hippocampus which was reversed by treatment with either dose 

of caffeine.. ATPase-α3 showed significant elevation in social defeated mice 

as compared to control group either alone or with 50 or 100 mg/kg doses of 

caffeine. 
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Turgeon et 

al., 2016 

N= 48 male and 48 female 

Sprague–Dawley rats (PND28)  

Empirical, Quantitative, 

Longitudinal 

 

Caffeine 

Water 

Amphetamine 

OF; NOR; LD; EPM; FST 

Immunohistochemistry 

 

Caffeine-induced a decrease in amphetamine-induced rears in males  

NOR: here were no effects of sex or caffeine on object recognition 

LD and EPM: Control females spent significantly more time in the light 

compartment of the LD than control males. No significant effects of sex or 

caffeine were observed for behaviors in the EPM. 

FST: caffeine decreased struggling in males and increased their swimming. 

For females, the opposite effect occurred with more struggling and less 

swimming. 

 
Hughes, 

2011 

 
 
 
 
 
 
 
 

 Male N= 40 

Female N= 40  

Total N= 80 Piebald Virol Glaxo/C 

(PVG/C) rats 

Rats in late adolescence (PND45). 

Empirical, Cross-sectional, 

Quantitative 

 

Control: tap water 

Caffeine 

Alcohol 

Treatment between PND45-55 

Behavioural testing at PND120 

1.0-1.5g/kg alcohol and 20-30mg/kg 

caffeine alone or combined together. 

These quantities were calculated to be 

8.5g/L drinking fluid for alcohol and 

170mg/L for caffeine 

 

LD: alcohol alone or caffeine combined had a greater anxiolytic effect in 

males as they entered the light side significantly more than controls and 

females that were given the same drug treatment. 

OF: There was significantly more ambulation for males following exposure to 

the alcohol and caffeine mixture than control or alcohol alone treated males. 

However, for all rats combined, females displayed significantly more 

ambulatory and rearing activity than males 
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Anderson & 

Hughes, 

2008 

27 male and 27 female PVG/C 

hooded rats 

9 of each sex per group 

Empirical, Longitudinal, 

Quantitative 

Saline  

Caffeine (15 and 30 mg/kg caffeine). 

Daily intraperitoneal injection (1 ml/kg) 

of its appropriate dose for 11 consecutive 

days between PND45 and 55. 

OF: at PND 72 and 82 & again at 

PND112 and 122 

Emergence Tests: at 72 and 82PND & at 

PND112 and 122 

Y-maze: at 8 and 9 months old 

OF: Subjects treated with 15 mg/kg caffeine exhibited less rearing and less 

ambulation than rats treated with 30 mg/kg caffeine. However, these latter 

rats had greater immobility and defecation. Female rats had higher overall 

frequencies of rearing and ambulation in the open field than males. This 

was also evident at the later testing dates. 

Y-maze: Neither adolescent caffeine treatment nor sex affected their ability 

to identify and prefer the novel arm as determined by first and subsequent 

entries of nor time spent in it. Caffeine treatment did not affect this.  

Females' relative adrenal weights were significantly heavier overall than 

those of males. However, adolescent caffeine treatment increased the 

relative weights for males but not for females. 

Poole et al., 

2016 

Male C57BL/6J mice 

Pre-adolescent (PND16), 

Adolescent (PND 31) and Adult 

(PND 64) 

Empirical, Cross-sectional, 

Quantitative 

Caffeine: 0, 1.0, or 3.0 mg/mL. 

Zero maze; Foot shocks 

 

Zero maze: pre-adolescent mice treated with chronic caffeine at 3.0 mg/mL 

spent more time in the open quadrants of the zero maze There was no effect 

of treatment on time spent in open quadrants in adolescent or adult mice  

Post hoc tests revealed that pre-adolescent mice treated with chronic 

caffeine at 3.0 mg/mL were more active and reared significantly more than 

the water-treated control mice and adolescent mice treated with 3.0mg/mL 

Contextual learning: Specifically, chronic caffeine at 1.0 mg/mL enhanced 

contextual conditioning in pre-adolescent and adolescent mice, whereas 

chronic caffeine at 3.0 mg/mL produced deficits in contextual conditioning 

in pre-adolescent and adolescent mice. Learning was not affected in adult 

mice. 

Renda et al., 

2021  
Male Sprague-Dawley rats 

Empirical, Longitudinal, 

Quantitative 

Nicotine base/kg per 0.04 ml/s  

Saline (1 ml/kg saline, SC, every day (28 

total injections) 

FR1: saline-preexposed (SALPRE) and nicotine-preexposed (NICPRE) 

control rats learned over time to discriminate between active and inactive 

levers. Rats receiving concurrent nicotine and shock (NIC+SHOCK) also 

significantly discriminated between active and inactive levers from the very 

first session.  
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Injections: (PND28-56) 5 min prior to 

onset of each daily 20 min session  

4 groups: NicPRE group; SHOCKPRE ; 

NIC+SHOCK;  NIC–SHOCK 

Foot shocks; OF; Lever press chamber 

Blood collection; immunoassay 

FI1: all rats successfully learned to discriminate between active and 

inactive levers except for SHOCKPRE rats  

 

Lee et al., 

2018 
Male Sprague–Dawley rats 

Empirical, Longitudinal, 

Quantitative 

Nicotine pre-treatment: 2, 6 and 12 

mg/kg at PND17–21 

Saline.  

Treatment: PND21–35  

Behavioural Testing: PND70–84 

Subcutaneous injections 

Saccharin ; Quinine ; Consumption tests; 

OF; Free choice nicotine paradigm  

 

Saline treated rats: Whereas adolescent rats showed appetitive preference 

for nicotine, adult rats showed indifferent nicotine intake behaviors. 

Adolescent 12 mg/kg nicotine-injected rats showed significantly increased 

nicotine consumption per body weight compared to control and 2 mg/kg 

nicotine-injected rats. Adults showed no differences in consumption. 

Moreover, in adolescent rats, we found that repeated nicotine exposure 

during late lactation changed not only nicotine consumption but also 

anxious behavior. 

OF: there was increased anxiety-like behavior in nicotine-injected 

adolescent rats than controls. 

Abreu-

Villaça et 

al., 2006 

C57BL/6 mice 

N= 64  

N: 31 females and 33 males 

 

Tap water  

Nicotine solution (10 μg/ml)  

Treatment: PND31-40 

Free choice paradigm; HBA  

HBA: High novelty mice as well as low anxiety mice showed higher 

locomotor activity  

Free choice: both water consumption and total fluid intake (water + 

nicotine solution) did not differ between the high novelty and low novelty 

groups. However, high novelty mice presented a marked increase in 

nicotine consumption during the first days of the procedure  

    
Pushkin et 

al., 2019 
N= Male and female wildtype 

C57BL/6J mice 

Nicotine: 0.36 mg/kg  Nicotine and WIN: Lever: male WIN and NIC/WIN groups exhibited a 

higher reversal index, indicating greater food reward seeking behavior 
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Treatment: daily between 

PND38 and 49  

Behavioural testing: PND70 

Cannabis: 2 mg/kg;  

Combined drug: 0.36 mg/kg nicotine + 2 

mg/kg WIN 

Saline  

EPM ; OF; FST; Lever press in operant 

chamber; Sucrose consumption ; Food 

chow consumption 

 

under conditions of higher cognitive demand. In contrast, differences in the 

reversal index were not found among the female groups  

Males had a significant increase in the time spent in the open arm of the 

elevated plus maze for both the WIN and NIC/WIN groups as compared to 

the control nicotine  

Sucrose and food consumption: a significant increase in the NIC/WIN 

group compared to the control group at the 40, 50 and 60 min time points 

Nicotine and Low WIN: no sex or drug group differences in OF/FST/food 

 

Cheeta et al.,  300 Lister hooded rats (150 

males and 150 females.  

Empirical, Cross-sectional, 

Quantitative 

Nicotine (0.05, 0.1, 0.25mg/kg) 

Water 

Treatment and testing: between 35–

39PND  

Social interaction test  

Socially isolated rats: the lowest doses of nicotine (0.05 and 0.1 mg/kg) 

significantly increased social interaction in females, while a similar 

anxiolytic effect was evident in males only at a higher dose (0.25 mg/kg).  

Socially grouped rats: a significant increase in social interaction was seen 

only in females and only at the lowest nicotine dose (0.05 mg/kg), and no 

effect was seen in males.  

 

Abreu-

Villaça et 

al., 2015 

Swiss male and female 

adolescent mice  

HighNic: N = 94 (53 males and 

41 females); LowNic: N= 84 

(42 males and 42 females),; 

Control: N= 89 (46 males and 

43 females).  

Empirical, Longitudinal, 

Quantitative 

Nicotine: Whole body exposure to 

cigarette smoke 8 h/day. HighNic: = 1.74 

mg/cigarette; LowNic group:  = 0.14 

mg/cigarette)  

Drug treatment: PND30-45,  

Ambient air in a chamber  

Behavioural testing: PND44-75 

EPM ; HBA 

EPM: Shortly term, both male and female HighNic mice presented 

decreased grooming. Long term, decreased grooming in females in 

HighNic  

HBA: decreased novelty seeking activity in the center of the arena and 

reduced ambulation in low nic mice than HighNic mice 

Exposure of adolescent mice to tobacco smoke affected novelty-seeking 

behavior. LowNic mice explored fewer holes, while the HighNic group had 

greater novelty seeking behaviours 
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Wilking et 

al., 2012 
C57BL/6J and C3H/Ibg  

Early adolescent (PND 24–35) 

Middle adolescent (PND 36–47) 

Late adolescent (PND48–59)  

Adult (PND60+) 

Empirical, Longitudinal, 

Quantitative 

 

Tap water 

Nicotine 

Elevated zero maze 

Animals first exposed to nicotine during early and middle adolescence had 

reduced preference for nicotine relative to adulthood exposure. Females 

displayed reduced nicotine preference relative to males during middle 

adolescence and as adults. 

Early adolescent C3H mice displayed a higher nicotine preference at 10 

μg/ml than C57 mice but middle adolescent C57 mice exhibited a higher 

nicotine preference at the 20 and 30 μg/ml nicotine solutions. 

Early adolescent animals exhibited fewer open quadrant entries compared 

to middle adolescents and late adolescents Additionally, adults displayed 

decreased open quadrant entries relative to middle adolescents and late 

adolescents  

Kupfersch

midt et al., 

2010 

Male Long–Evans rats  

Adolescents (n = 60) PND33-37 

and Adults (n = 58), PND65-69  

Empirical, Cross-sectional, 

Quantitative 

Nicotine (0, 0.4 or 0.8 mg/kg)  

EPM; LD 

Brain tissue testing 

 

EPM: adult rats had less anxiogenic behaviour than adolescents. Nicotine 

increased general motor activity in adolescents 

LD: behaviour not affected in adolescents.  

Brain analyses: CRF mRNA expression was elevated in PVN of adolescent 

rats, relative to adults. Nicotine had no effect on CRF mRNA expression in 

the BNST, PVN or CeA.  

Hudson et 

al., 2020 
Male Sprague Dawley rats.  

Adolescent and adult rats both 

obtained PND30 (n = 93) 

Empirical, Longitudinal, 

Quantitative 

Nicotine: 0.4 mg/kg  

Adolescent exposure: Consecutive PND 

35-44. Behavioural testing: 75PND 

Adult exposure: PND 65-74. Behavioural 

testing: PND 105  

Saline 

OF; Social Interaction test; LD; Sucrose; 

FST 

Brain analyses: pERK1 increase in adolescent nicotine rats and similar 

increases in pERK2. Adolescent nicotine exposure significantly increased 

pAKT and p-tAkt expression ratio but not tAkt expression. It also evoked 

increased p-tGSK-3 alpha and p-tGSK-3 beta ratios 

LD: Nicotine decreased time in light side  

Sucrose and FST: adolescent nicotine exposure elicits a persistent 

depressive-like phenotype and decreased sucrose preference.  

Adolescent nicotine exposure produces long-term dysregulation of NASh 

MSN activity profiles via dissociable molecular Signaling mechanisms 
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Neuronal activity recordings; Neuronal 

protein expression analyses 

 

 

Slawecki et al., 2003 Male rats (PND31-36) 

Empirical, Longitudinal, 

Quantitative 

Nicotine (5.0 mg/kg/day) 

Saline 

OF ; OF- modified; Food  

 

Nicotine exposure significantly enhanced motor activity in nicotine-

exposed rats compared with controls.  

Two to three weeks after nicotine exposure ended, significantly lower 

levels of exploratory activity were observed relative to controls in the 

standard open field.  

In a modified open field, nicotine exposure reduced approaches to food, 

contact with food and food intake.  

Sudakov & Bogdanova, 2015 Male Wistar rats (n=24) 

Empirical, Cross-sectional, 

Quantitative 

Nicotine (2 or 3 mg/kg) 

Caffeine (10 mg/kg) 

κ-opioid receptor agonist ICI-

204,448 (200 μg/kg) 

Control: Water 

EPM  

Rats not exposed to nicotine, caffeine (10 mg/kg) enhanced the motor 

activity. 

Nicotine withdrawal significantly increased motor activity in nicotine-

dependent rats. Injection of caffeine to nicotine-dependent rats induced 

more potent psychostimulating effect  

The rats suffering from nicotine withdrawal syndrome spent significantly 

less time in open arms of EPM. 

Administration of ICI-204,448 to caffeine-treated rats completely 

eliminated the anxiolytic effect of caffeine in nicotine-dependent rats  

 

Kayir & Uzbay, 2006  Adult male Swiss Webster 

mice (n=8 for each group)  

Empirical, Cross-sectional, 

Quantitative 

Nicotine (0.05–0.25 mg/kg) 

Caffeine (10ml/kg) 

PTZ (10 ml/kg)  

EPM 

Nicotine: did not produce any significant effect in EPM test.  

Nicotine administration antagonized the caffeine anxiogenic effect but not 

PTZ-induced anxiety in mice. 

Since nicotine, alone and in combination with PTZ, did not show any 

significant effect in the EPM test, Furthermore, the observed effects of 
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 nicotine on the EPM test might be independent of locomotor stimulant or 

depressant effects of the drugs or their combination 

 
Abbreviations HBA- Hole Board Arena; FST- Forced Swim Test; OF- Open Field Test; LD- Light-Dark Box; NOR- Novel Object Recognition Task; EPM- Elevated Plus Maze; PND- 
Post Natal Day 
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5.2 Results 

A total of 43 studies were examined via this method, with 22 of these meeting the eligibility 

criteria. Most studies were rejected as they did not state the age of the subjects or could not 

be included due to accessibility issues. However, three studies were given leniency for the 

subjects’ ages due to the limited data on simultaneous caffeine and nicotine use. There are 

1,459 subjects confirmed, with 715 mice and 744 rats between 12 of the 22 studies included; 

with more going unreported by 10 of the studies.  

5.2.1 Study characteristics 

Of these articles, 12 studies used rats for the test subjects whilst 10 used mice; overall, only 

nine articles used both males and females. The total number of female subjects is 295 and 

265 for mice and rats respectively, with the number of males amounting to 420 mice and 479 

rats. The Sprague Dawley strain of rats and the C57BL/6 strain of mice were the most 

commonly used breeds for the experiments, with five studies each using these particular 

rodent strains. All of these studies used quantitative data to examine how these substances 

affected either anxiety-like or anxiolytic behaviours in rodents. At least 14 of the studies were 

longitudinal in their design, with eight being cross-sectional. 

5.2.2 Drug treatment 

Overall, nine studies examined caffeine’s effects on anxiety, with three of these examining its 

simultaneous use with other substances including ethanol and amphetamine. At least 10 

studies examined the anxiety effects of nicotine use, with one examining the polysubstance 

use of nicotine and cannabis. Only three separate studies examined the effects of 

simultaneous caffeine and nicotine use. Most studies had control groups with the exception of 

one study. Saline was the most prominent control measure with 12 studies administering it to 

their subjects; tap water was the second most administered control measure as it was used in a 

total of eight studies. One study used ambient air for its control group as the authors in this 
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particular study were trying to emulate human consumption of both caffeine and nicotine, 

with exposure to the latter often being through inhalation and absorption of the lungs. The 

methods of drug administration varied from intraperitoneal and subcutaneous injections to 

ingestion through food or drink and inhalation/ air exposure. The doses for caffeine ranged 

between 0.1mg/kg and 100mg/kg, whilst nicotine doses varied between 0.36mg/kg and 

12mg/kg. The earliest life period that drug treatment was administered to the subjects was 

during the pre-natal development of Swiss mice.  

5.2.3 Behavioural testing  

Overall, the studies tended to use several apparatuses to test and measure anxiety behaviours 

post drug treatment. The open-field test (OF) was the most common behavioural test for 

anxiety in rodents with 12 studies using this apparatus, followed closely by the elevated plus 

maze (EPM) in 11 studies. The forced swim test (FST), social interaction test and the light-

dark box (LD) were the third most commonly used, whilst the Y-maze, pedestal stress 

exposure, and the lever press were the least common. Behavioural testing for the subjects 

began between 16 and 122 postnatal days (PND). 

5.2.4 Physiological analysis 

A total of nine studies used some method of analysis to assess the physiological changes to 

the brain or body after substance use. Most of these studies examined the changes that these 

substances caused in the brain, followed by the changes in hormone levels and to the adrenal 

glands. 
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5.3 Discussion 

Overall, both the separate and simultaneous administration of caffeine and nicotine during 

adolescence had varying effects on anxiety during the behavioural testing period. 

Subjects displayed both anxiogenic and anxiolytic behaviours irrespective of whether they 

were treated with either caffeine and/ or nicotine. These substances also affected other types 

of functioning in the subjects such as cognitive (learning), emotional (anhedonia), and food/ 

drink consumption rates. All of these effects were demonstrated through the use of the 

various apparatuses that subjects were exposed to, particularly in the OF and EPM. 

Moderating variables also demonstrated an effect on the subsequent anxiety behaviours post-

treatment including age and sex, as well as dosage and the strain of the breed
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5.4 Caffeine’s anxiogenic effects 

Subjects that received caffeine treatment displayed anxiety-related behaviours during the 

testing. This was particularly evident if they were in short-term caffeine withdrawal. 

Adolescent rats that experienced caffeine withdrawal for seven days post-treatment 

demonstrated a simultaneous decrease in the time spent in the open arm of the EPM and a 

decrease in the number of entries into it (O’Neill et al., 2016). Similarly, the caffeine-treated 

rats in the study by Ardais et al (2014) displayed an increase in their time spent in the closed 

arm of the EPM. This effect was not dose-dependent as all caffeine-treated rats demonstrated 

a preference for the closed arm, regardless of whether they had received a low or high dose of 

caffeine (Ardais et al., 2014). Rats are nocturnal creatures and brightly lit or exposed 

environments can stimulate their anxiety (Mungenast & Fox, 2021). It is feasible that caffeine 

may elevate their anxiety or aversion to these types of environments. However, these 

behavioural effects were only evident in adolescent rats, not adults. This age-dependent effect 

on anxiety was also found in the OF as adolescents spent less time in the centre squares 

compared to the adults (O’Neill et al., 2016). Likewise, adolescent rats also exhibited a 

decrease in their social interaction compared to their age-matched controls. However, this 

effect was no longer evident once these rats reached adulthood (O’Neill et al., 2016).            

Contrary to these findings for rats, Ibrahim et al (2020) found that caffeine-treated adolescent 

mice demonstrated anxiety-like behaviour in the OF if they had previous exposure to a stress 

condition called the sensory contact model (SCM). Caffeine-treated mice that had no 

exposure to the SCM did not demonstrate high rates of these behaviours in the OF. Similarly, 

Sweeney et al (2016) found that caffeine treatment in mice did not affect anxiety-related 

behaviours in the OF. Complicatedly, the non-SCM, caffeine-treated mice in Ibrahim et al 

(2020) did exhibit a reduction in their open arm entries in the EPM. These behavioural 



52 

 

differences between the OF and EPM may suggest a natural preference for the arms in the 

EPM when they have an option rather than anxiety (Ibrahim et al., 2020). 

An interaction between caffeine treatment and sex was found for anxiety behaviours. 

Turgeon et al (2016) found that caffeine-treated male rats demonstrated more anxiety-like 

behaviours in the LD test than females. This behavioural effect was comparable to the 

controls as well, with the male controls spending less time in the light compartment 

compared to their female counterparts. However, this sex-drug effect was not evident in the 

EPM (Turgeon et al., 2016).  

5.4.1 Caffeine’s anxiolytic effects  

For Sweeney et al (2016), acute caffeine administration at 24 mg/kg simultaneously increased 

mouse entries into, and the amount of time spent in the centre squares of the OF. It also 

decreased the time spent in the corner squares. A similar effect was also exhibited in Ibrahim 

et al (2020). Non-SCM mice that were given the lowest dose of caffeine at 50mg/kg 

displayed an increase in time spent in the centre squares of the OF. Given that both studies 

used vastly different dosages for their subjects, this may give credence to a theory proposed 

by Hughes et al (2014) which hypothesised that baseline anxiety levels may be different for 

different rodent strains. Since both authors conducted their studies with different mouse 

strains, the physiological baseline levels of anxiety in these two strains may influence the 

variability of caffeine’s anxiolytic effects on behaviour. 

Age was also a moderating factor on behaviours post caffeine treatment. Poole et al (2016) 

found that exposure to 3mg/mL caffeine decreased anxiety-like behaviour in pre-adolescent 

mice, but not in adolescent nor adult mice. However, both the pre-adolescent and adolescent 

mice that were treated with caffeine displayed lower levels of anxiety compared to their age-

matched controls (Poole et al., 2016). Given that there was little effect on behaviour for adult 
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mice, this may be due to caffeine preserving the naturally higher anxiety in adults rather than 

influencing its behavioural rate and intensity (Botton et al., 2017). 

5.4.2 Caffeine and other side effects 

Caffeine was found to impair learning in subjects during the novel object recognition task 

(NOR), albeit with varied results. The study by Gulick and Gould (2009) found that rats that 

had received the highest dose of caffeine simultaneously demonstrated memory recognition 

problems and anxiety-related behaviours. Conversely, rats that received either the low or 

moderate dosage only exhibited anxiety behaviours, but not the memory problems (Gulick & 

Gould, 2009). Similarly, Turgeon et al (2016) found that caffeine treatment did not impair 

recognition memory in rats. For mice, Poole et al (2016) found that contextual learning was 

dose-dependent for the pre-adolescent and adolescent mice that had received chronic caffeine 

treatment. The pre-adolescent mice that were chronically treated with 3.0mg/mL of caffeine 

demonstrated impairment in their contextual learning (Poole et al., 2016). However, 

contextual learning was enhanced in both pre-adolescent and adolescent mice when treated 

with 1.0 mg/mL of caffeine. In comparison, Ibrahim et al (2020) found that caffeine 

treatment did not impair learning in non-SCM, caffeine-treated mice, but it did impair 

learning for the SCM-exposed, caffeine-treated mice.  

Caffeine treatment also affected levels of emotionality, albeit these were moderated by other 

factors. In the FST, Ibrahim et al (2020) found that SCM-exposed, caffeine-treated mice 

displayed an increase in depressive-like symptoms. This was evident by the more time that 

they spent being immobile rather than swimming. However, this was negated if they had 

received the lowest dose of caffeine. For non-SCM, caffeine-treated mice, both dosages of 

caffeine produced an anti-depressive effect as the caffeine-treated mice displayed less 

immobility than controls (Ibrahim et al., 2020). Rats demonstrated a similar effect in the FST, 
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albeit this was moderated by sex. Turgeon et al (2016) found that caffeine simultaneously 

decreased struggling and immobility in males whilst increasing their swimming rates. In 

contrast, caffeine had the opposite effect in females as they demonstrated an increase in their 

struggling and immobility rates, and a decrease in their swimming (Turgeon et al., 2016). 

5.4.3 Polysubstance treatment effects  

Polysubstance use was also found to influence anxiety-related and anti-anxiety behaviours. 

Although this was moderated by the sex of the subjects. Turgeon et al (2016) discovered that 

caffeine reduced the rate of amphetamine-induced rearing for male rats, but not females. This 

differentiates from the findings of previous studies that found caffeine exposure to escalate 

amphetamine-induced behaviours (Turgeon et al., 2016). This may suggest that caffeine can 

negate the stimulatory effects of amphetamine and decrease its hyperactive effects in males.

 Hughes (2011) found that both of the alcohol-treated and caffeine-alcohol treated 

male rats exhibited more entries into the light compartment of the LD than controls. 

Conversely, the caffeine-alcohol treated females had fewer entries into the light compartment 

than their control and alcohol-treated counterparts (Hughes, 2011). For the OF, the caffeine-

alcohol treated males exhibited greater rates of ambulation than the other treatment groups. 

However, female rats that were treated with the caffeine-alcohol drug combination 

demonstrated significantly less ambulation than their male counterparts (Hughes, 2011). 

5.4.4 Physiological findings 

Caffeine affected the physiology of both the brains and bodies of the subjects. Predictably, 

caffeine treatment affected the adrenal glands in rats. O’Neill et al (2016) found that 

withdrawal from caffeine treatment during adolescence simultaneously increased blood 

corticosterone levels in rats during adulthood whilst decreasing the sensitivity of their adrenal 

glands. Caffeine treatment during adolescence also increased both the c-fos expression in the 
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hypothalamic paraventricular nucleus as well as the Crf expression in the amygdala’s central 

nucleus in adulthood (O’Neill et al., 2016). Elevated levels of c-fos and Crf in the amygdala 

and paraventricular nucleus have previously been found to correlate with, and adapt to, high 

rates of stress in rats (Shekhar et al., 2005; Chen and Herbert, 1995). Anderson and Hughes 

(2008) also discovered that caffeine treatment increased the relative adrenal weights in male 

rats compared to controls, though this effect was not found in females despite the latter 

having overall heavier adrenal glands. This is in agreement with a study by Ryu and Roh 

(2019) which also discovered that the adrenal glands of male rats increased after caffeine 

treatment. This effect on the adrenal glands may be caused by caffeine’s impact on 

glucocorticoid levels such as corticosterone, as the stimulation and release of glucocorticoids 

are affected by neuropeptides like Crf (Ryu & Roh, 2019; Ohmura & Yoshioka, 2009). 

Consequently, this could potentially affect organ growth and development during puberty.

 The hippocampus was also affected as a result of adolescent caffeine treatment. In the 

study by Ardais et al (2014), all doses of caffeine reduced the density of the GFAP and 

SNAP-25 in the hippocampus whilst elevating the density of the inhibitory adenosine A1R 

receptors in the hippocampus. Caffeine’s inhibitory effects on adenosine and its receptors in 

the hippocampus may enable the substance to act as a secondary agonist for glutamate 

release, which could improve the consolidation of learning and memory (Osbourne et al., 

2015; Marchi et al., 2002; Ardais et al., 2014; Stockwell et al., 2017). Its effects on the HPA 

axis can also mediate glutamate release in the hippocampus through the release of 

corticosterone in rodents, which could contribute to the simultaneous increase in memory 

recognition and anxiogenic behaviours that were demonstrated in Ardais et al (2014). The 

brain tissue analysis of mice in Ibrahim et al (2020) exhibited that SCM-exposed mice had an 

elevation in their ATPase-α2 expression within the hippocampus. This effect of the stress 

condition may be caused by a potential downregulation of Na/K ATPase in the hippocampus, 
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which may have affected their learning and memory (Ibrahim et al., 2020). This effect 

reversed when the mice received caffeine treatment as SCM-exposed mice that were treated 

with either dose of the substance. Non-SCM, caffeine treated mice did not show an effect in 

their hippocampal ATPase-α2 expression (Ibrahim et al., 2020) 

5.5 Nicotine’s anxiogenic effects 

Like caffeine, subjects that were treated with nicotine displayed anxiety-like behaviours. In 

the study performed by Lee et al (2018), adolescent rats that were exposed to either the 

moderate or high nicotinic doses displayed greater anxiety-related behaviours in the OF 

compared to controls and low nicotine-treated rats. These behaviours were displayed through 

a simultaneous decrease in time spent in the centre squares and an increase in the time spent 

in the corner squares (Lee et al., 2018). Likewise, Slawecki et al (2003) found that at least 

two to three weeks post nicotine treatment, adolescent rats displayed lower levels of 

ambulation in the OF and higher occupancies of the corner squares than controls. 

Wilking et al (2012) found that both strain and age were moderating factors for subsequent 

anxiety behaviour post nicotine treatment. The mice that were in their early adolescent period 

demonstrated fewer open quadrant entries in the elevated zero plus maze than their middle 

and late adolescent counterparts (Wilking et al., 2012). Likewise, C57 mice displayed an 

increase in time spent in the open quadrants than C3H mice, which was evident across all age 

groups (Wilking et al., 2015). 

5.5.1 Nicotine’s anxiolytic effects 

Overall, nicotine treatment influenced anti-anxiety behaviours in rodents seemingly more so 

than it did anxiety-related behaviours. The study by Abreu-Villaҫa et al (2015) found that 

grooming in the hole-board arena and EPM had decreased for both low and high nicotine 

treated mice, irrespective of sex. Grooming is a repetitive behaviour and is generally 
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considered to be an indication of anxiety in rodents since repetitive behaviours (stimming) 

are also common anxiety indicators in humans (Rodgers et al., 2012; Kalueff et al., 2015). 

Mice that were treated with a high nicotine dose demonstrated greater novelty-seeking 

behaviours in the hole-board arena than either control or low nicotine groups, which was 

indicated by their greater number of head dips. Greater novelty seeking or exploratory 

behaviours are often associated with high experience seeking and compulsive behaviours, 

both of which are considered to indicate lower levels of anxiety (Wingo et al., 2016). This 

effect was also accompanied by the greater ambulatory behaviours that high nicotine treated 

mice displayed compared to control and low nicotine mice (Abreu-Villaҫa et al., 2015). 

However, Kupferschmidt et al (2010) also discovered that both nicotine doses increased the 

ambulation in adolescent rats, which was indicated by an increase of entries into both the 

light and dark arms of the EPM compared to their adult counterparts.  

Nicotine treatment also aided in the social interaction of rats that had been socially isolated. 

However, these effects were dependent on both dose and sex. Cheeta et al (2001) discovered 

that for socially isolated rats, the lowest dosages of nicotine increased the social interaction 

for females, but not for males. Socially isolated males only demonstrated an increase in their 

social interaction if they received the highest nicotinic dose (Cheeta et al., 2001). Conversely, 

for female rats that were not socially isolated, only the lowest dose increased their interaction, 

with nicotine not affecting non-socially isolated males (Cheeta et al., 2001).  

5.5.2 Polysubstance effects  

Nicotine was found to affect behaviour when it was simultaneously used with cannabis. 

Pushkin et al (2019) found that male mice which had received either the cannabis-only or 

nicotine-cannabis treatment displayed an increase in the amount of time that they spent in the 

open arm of the EPM compared to controls. The mice that had received the nicotine-cannabis 
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treatment had greater consumption rates of sucrose and food at all-time points than the other 

groups (Pushkin et al., 2019). Whilst the reason for this nicotine-cannabis effect is unclear, 

nicotine withdrawal has been found to increase consumption of carbohydrates and sugar 

intake in humans trying to quit smoking; with cannabis consumption being associated with a 

higher caloric intake as well, particularly with junk food (Bunney et al., 2016). Food may 

also taste better after smoking cessation which can help elevate the sweet flavour of sucrose 

(Bunney et al., 2016). Mice in both the cannabis-only and nicotine-cannabis treatment groups 

also demonstrated an increase in their cognitive flexibility during the lever press test, as well 

as a decrease in their anxiety-like behaviours in the EPM and OF (Pushkin et al., 2019). 

Albeit, nicotine did demonstrate a counteractive effect on cannabis in the number of lane 

crosses and exploratory behaviour in the EPM, as the mice who received the cannabis-only 

drug treatment displayed more lane crosses. 

5.5.3 Nicotine and other behaviours 

Similar to caffeine, nicotine was found to affect learning in the subjects. Renda et al (2021) 

found that during the fixed ratio sessions, rats that were pre-exposed to either saline or 

nicotine treatment learnt to discriminate between levers relatively quickly; however, the rats 

that had received nicotine with co-occurring foot shocks learnt to discriminate the fastest. 

This is perhaps due to the added stimulatory effect that the aversive foot shock condition has 

on nicotine use, which may enhance the drug’s effects on learning (Renda et al., 2021). For 

the fixed interval session of a one minute delay, all treatment groups were successful with 

discriminating between the levers. During extinction, the rats that were either pre-exposed to 

saline or nicotine with a non-co-occurring foot shock discriminated between the levers within 

their first two sessions and extinguished their drug-seeking behaviours.    
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Drug consumption was also further affected by nicotine treatment. In the study by Lee et al 

(2018), adolescent rats demonstrated a higher nicotine preference in the free choice test 

despite adult rats drinking more solution overall. It is plausible, that adolescents may be 

seeking out the stimulatory effects of nicotine whilst adults may just be drinking relative to 

their higher body weight average. A similar effect was also demonstrated in Abreu-Villaҫa et 

al (2006) and Sestakova et al (2013) as high novelty-seeking mice in both studies displayed a 

marked consumption of nicotine intake. This is reminiscent of drug-taking and novelty-

seeking in adolescent humans. High novelty-seeking behaviours are correlated with an 

increased likelihood of substance use behaviours, whereas low novelty-seeking behaviours 

are not associated with an increased risk of substance use (Wingo et al., 2016). Abreu-Villaҫa 

et al (2006) corroborated this effect as low novelty seeking mice showed no change in their 

nicotine consumption during the free choice procedure.      

 Wilking et al (2012) discovered a differential age effect in mice as nicotine preference 

was lower if the mice received nicotine treatment in either early or middle adolescence, a 

discrepancy to the age-addiction risks and behaviours in humans. Albeit, there was a strain 

and dose difference, with C3H mice during early adolescence displaying a higher nicotine 

preference at 10 μg/ml whilst C57 mice had a higher nicotine preference at 20 and 30 μg/ml 

during middle adolescence (Wilking et al., 2012). Mice also demonstrated a sex difference in 

nicotine preference during the free choice procedure if exposed to nicotine in either middle 

adolescence or late adulthood. Females displayed reduced nicotine preference relative to 

males during middle adolescence and as adults (Wilking et al., 2012).  

Similar to the caffeine-treated subjects, rats that had received nicotine treatment also 

displayed anhedonic behaviours in the FST. Hudson et al (2020) found that both nicotine 

groups displayed an increase in their immobility and a decrease in their time spent swimming 

compared to controls. 
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5.5.4 Physiological findings 

In the study by Hudson et al (2020), nicotine was found to have increased Proline-rich 

receptor-like protein kinase (pERK)1 and pERK2in adolescents compared to control rats. 

Adolescent nicotine treatment also increased the phosphorylated-Akt (pAkt), p-tAKT, and 

glycogen synthase kinase-3 in their brains (Hudson et al., 2020). Dopamine release was also 

demonstrated to be altered as the D1 receptor expression levels in rats after nicotine treatment 

were greatly decreased compared to controls. This is unsurprising given nicotine’s agonism 

of dopamine which could cause an excess of its release in the brain. This surplus would 

render a large amount of D1 receptors as being unnecessary. However, none of these 

physiological effects were present in the brains of adult rats (Hudson et al., 2020). 

5.6 Simultaneous caffeine and nicotine use on anxiety 

In the study by Sudakov and Bogdanova (2015) nicotine-dependent rats that were 

administered caffeine exhibited an improvement in their ambulation during nicotine 

withdrawal, which by itself already increased motor activity in mice. This anxiolytic effect 

was eradicated when a k-opioid receptor agonist ICI-204,448 was administered to this 

treatment group of rats. Similarly, Kayir and Uzbay (2006) found that nicotine had reversed 

caffeine’s anxiogenic effects in mice during the EPM. This was exhibited by the increased 

number of entries and time spent in the open arm compared to mice who had only received 

caffeine-only treatment. However, da Silva Gonҫalves et al (2019) found that simultaneous 

caffeine and tobacco smoke exposure increased the anxiogenic behaviours of rats in the EPM 

20 days post-treatment. An effect that was no longer evident during adulthood.   

 It is unclear as to why these effects occurred in the three studies. However, it is 

possible that the different cognitive mechanisms these substances affect in the brain may 

allow caffeine to add to nicotine’s primary anxiolytic effect if introduced afterwards; whilst 
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nicotine balances out caffeine’s primary anxiogenic effects through the release of dopamine if 

it is introduced post caffeine treatment. Although this theory does need further examination 

as it may simply be an effect of either species, time, and/ or method of exposure which was 

possibly demonstrated in the study by da Silva Gonҫalves et al (2019).  

5.7 Evaluation- strengths 

Some strengths that were evident throughout the studies in this review.  The first is that all of 

the studies were generally consistent regarding the behaviours, measures, and methods used 

to assess anxiety-related behaviour post drug treatment. There were also a large number of 

subjects for both rats and mice which allows for greater generalisation regarding the 

anxiogenic and anxiolytic effects that either caffeine or nicotine treatment can have on 

behaviour. Both factors made for consistency in the behavioural outcomes as well as other 

non-anxiety related effects such as learning, anhedonia, and free choice food/ drug 

consumption. These behaviours were also able to be observed to be different between the age 

and/ or sex of the rodents, which enabled some understanding of how drug treatment during 

adolescence and/ or adulthood could be moderated, and affect future behaviours.  

 Though relatively few in number, some studies were able to provide physiological 

evidence of drug changes to both the brain and body during adolescence which could be 

connected with some of the behaviours that were demonstrated during behavioural testing.  

5.8 Evaluation- Limitations 

Perhaps the greatest problem evident from this review is the lack of studies on simultaneous 

nicotine and caffeine drug treatment. Studies that assessed the simultaneous use of both drugs 

were few and far between despite their high rates of combined use globally. This also 

provides little assurance as to how combined caffeine and nicotine treatment affects anxiety 

and its related behaviour, compared to the number of studies that examined the separate use 
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of either. At least two of the three studies examining simultaneous nicotine and caffeine use 

did not state when the subjects were treated and tested. It would have been beneficial to 

provide the treatment and testing ages to better understand at what age period that anxiety-

related behaviours were affected.        

 Only one study assessed adolescent consumption of simultaneous caffeine and 

nicotine use in mice, by simulating its realistic life exposure in humans. Prenatal and 

postnatal ingestion of caffeine, alongside nicotine inhalation, are common methods of human 

exposure to these two substances throughout their life course. In the future, more studies are 

needed moving forward regarding caffeine and nicotine’s simultaneous use, with a focus on 

adolescent use and behavioural outcomes in adulthood given the potential for anxiety and 

other mental health effects.         

 Whilst an interesting idea was raised about different strains of mice and rats having 

different baseline levels for anxiety and its related behaviours, there is not enough evidence 

throughout this review to reliably support this idea. However, this would make an interesting 

study in the future and would allow for some greater consistency and understanding of how 

anxiety can be affected in rodents, particularly when studies use inconsistent dose levels and 

demonstrate different behavioural outcomes. This may also allow for generalising to how 

humans may be differentially affected by the two substances and allow for some genetic 

explanation of anxiety baseline levels.       

 Another limitation is the discrepancies between the studies when the subjects receive 

drug treatment and when they are subjected to behavioural testing. This makes it particularly 

more difficult to understand how time interacts on behaviour post drug treatment since 

caffeine in particular seems to have a shorter dose and time lap between its anxiolytic and 

anxiogenic behavioural effects. A similar argument could also be made for the sex of the 

subjects as it seems to be another relevant moderating factor in drug treatment. Most studies 
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in behavioural pharmacology typically do not use females alongside males which is odd 

given that there is a marked difference in behavioural sex effects post-treatment. Future 

studies should attempt to include both to further assess and understand why this interesting 

behavioural effect occurs. 

5.9 Conclusion 

Overall, treatment of either caffeine or nicotine had both anxiolytic and anxiogenic effects on 

behaviour in rodents during their late adolescent period and early adulthood, although these 

effects were not apparent later in adulthood. These substances also further affected other 

changes to their brain and body, as well as their learning, choices, and emotional state. Whilst 

it is difficult to draw a conclusion regarding the simultaneous use of both substances, the 

combined drug treatment of nicotine and caffeine did demonstrate a general anxiolytic effect 

in behaviour during testing, as well as a minor anxiogenic interaction between age and 

treatment. There was no other inclusion of what other effects the simultaneous use of both 

drugs may impact in the subjects. There needs to be more research performed on the 

combined effects of caffeine and nicotine, especially in adolescents and young adults to better 

understand what the impacts are on the brain and behaviour particularly in regards to anxiety. 

 

6. 0 Research Aims and Hypotheses 

Given that the singular use of either caffeine or nicotine can have anxiolytic or anxiogenic 

effects on behaviour, it is important to understand how the simultaneous use of both 

substances can affect anxiety in a population that is at an increased risk for anxiety disorders. 

The primary purpose of this study is to fill in the literature gap regarding the simultaneous 

use of both caffeine and nicotine during adolescence and young adulthood, and its subsequent 

effects on anxiety. This study is interested in answering the following questions: how does 
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the simultaneous use of caffeine and nicotine during adolescence affect behaviour in early 

adulthood during anxiety-provoking situations? How do these subsequent behavioural effects 

of simultaneous use compare with the separate use of either caffeine or nicotine in 

adolescence? Does the simultaneous use of caffeine and nicotine affect one particular sex 

more than the other?       

As there are numerous variables that can influence anxiety in human adolescents, it is 

particularly difficult to control for all of the possible factors that could moderate the 

presentation of anxiety behaviours including baseline temperament and inconsistent intake 

such as the individual’s average consumption rate, product use, and regularity of use. An 

additional issue is the ethics and legality of adolescent nicotine use and the subsequent harm 

that it causes in the body. To navigate the aforementioned issues, this current study examined 

the subsequent behavioural effects of simultaneous caffeine and nicotine use during 

adolescence in rats and tested their behaviour in situations designed to provoke their anxiety. 

The study’s hypothesis is that the rats which receive simultaneous caffeine and nicotine 

treatment will demonstrate fewer anxiogenic behaviours than caffeine-alone treated and 

control rats due to nicotine’s potential to counteract caffeine’s primary anxiogenic effects. 

However, it remains uncertain as to how the effects of caffeine-nicotine treatment will 

compare to nicotine-alone treatment in rats. It is expected that female rats will demonstrate 

fewer anxiogenic behaviours overall, compared to males. 
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7.0 Methodology 

7.0 Subjects  

The subjects of the study were 64 Brown rats (Rattus Norvegicus), 32 males and 32 females. 

When the rats reached 30 PND, they were weaned and housed in same-sex cages, with the 

number of rats ranging from two to four per cage. They were moved into a specialised 

holding room that had a set timer on a 12-hour cycle which automatically switched between 

the diurnal and nocturnal periods, with 8pm to 8am for the dark phase and 8am-8pm for the 

light phase. Throughout their time in the holding room, all rats had ad libertum access to food 

and water. Each rat per cage was made identifiable by individually marking each one with a 

different nontoxic colour during the treatment and testing phases.  

The rats were bred and reared by the University of Canterbury’s Animal Facility technicians 

and the procedures for treatment, testing and housing all complied with the New Zealand 

Animal Welfare Act (1999). Ethical approval for the use of the subjects was granted by the 

University of Canterbury’s Animal Ethics Committee (approval number 2021/04R). 

7.1 Drug treatment 

When the rats reached 40 PND, they were randomly assigned to four different drug 

conditions. These were a saline control group, a 30mg/kg caffeine (Sigma-Aldrich) treatment 

group, a 0.6 mg/kg nicotine (Sigma-Aldrich) treatment group, and a combined drug (CAF 

30mg/kg+ NIC 0.6mg/kg) treatment group. Each group consisted of an equal number of rats 

(N=16) and 50:50 male/ female sex ratio (N=8 per sex). Each rat received 10 daily 

intraperitoneal injections, over the course of 10 consecutive days during their adolescence 

(40-49 PND). The volume of each injection was 2ml/kg. Rats that were treated with either 

nicotine or caffeine alone received 1ml/kg of the drug solution, drawn up with 1ml/kg of 

saline to achieve the 2ml/kg. For the combination treatment group, 1ml/kg of each drug was 
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drawn up in the same syringe, whilst control rats received 2ml/kg of isotonic saline. Each rat 

was weighed on the first day of treatment prior to their first injection, and was subsequently 

weighed every second day during their treatment period to ensure that they would receive the 

correct dose relative to their individual body weight. However, at least three male rats of the 

drug combination group were slightly under treated for the first few days of their treatment 

due to an underestimation of doses needed to compensate for their increased weights. This 

was corrected during their remaining days and no other rat was undertreated.  

7.2 Behavioural Testing 

The rats were subjected to three separate behavioural tests, all being held within 24-48 hours 

of each other. These occurred at two different time periods during their late adolescence to 

young adulthood, at 60 PND and 90 PND respectively. Unfortunately, due to the current 

coronavirus pandemic and New Zealand’s response to go into a second nationwide lockdown, 

24 rats (including all 16 nicotine-treated rats) had their second testing period postponed until 

they were at least 105 PND.  

The behavioural testing took place between 8am and 6pm in a room illuminated by dim 

overhead florescent lighting that contained the necessary apparatuses, which was separate 

from the rats’ holding room. Males were tested before females to prevent the male rats from 

getting distracted by the scents of females. The apparatuses were sprayed and cleaned with a 

4% solution of benzalkonium chloride and dried with paper towels both before and after 

behavioural testing, as well as between each individual rat.   

7.2.1 Open Field Test (OF) 

All rats were observed in the OF in order to measure their anxiety-like behaviours. These 

were assessed through their rates of rearing, ambulation, immobility, defecation and 

occupation of the corner and/ or centre squares of the apparatus. It is thought that rats with 
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greater rates of rearing, ambulation, centre occupancy and low rates of defecation indicate 

less anxiety, whilst greater rates of immobility, defecation, corner occupancy and less rearing 

behaviours are demonstrative of high anxiety (Hall, 1934; Archer, 1973; Belovicova et al., 

2017).  

The OF consisted of a 600x600-mm Perspex apparatus with 250-mm high transparent walls 

that was situated on top of a 700-mm high table. The floor of the OF was black, with a grid of 

16 squares that were defined by white lines and numbered accordingly. An infrared video 

camera was situated 850-mm above the apparatus and was connected to a television monitor 

for observing the subjects’ behaviours and positions in the apparatus. Each rat was placed in 

the centre of the apparatus and was observed for six minutes each, with their behaviour and 

square occupancy being recorded every five seconds, which was indicated by an auditory 

signal from an ear piece connected to a timer. This amounted to a total of 72 observations for 

each rat being documented for each session. Once the time was up for each rat, the number of 

faecal boluses was counted and removed before cleaning the OF in preparation for the next 

rat. After each rat had finished their session, the number of centre occupancies, corner 

occupancies, rears, walks, grooming and immobility, and square transitions were calculated. 

These transitions were calculated by the number of square changes that were recorded at each 

five-second interval. For example, if a rat was recorded in square one for an interval, then 

recorded in square 10 for the following interval that was counted as a transition. If the rat was 

recorded to be in the same square positon as the prior interval, that was not be considered a 

transition.  

  7.2.2 Novel Object Recognition Test (NOR) 

The rats were subjected to the NOR to assess their learning and recognition memory which 

was evaluated by the amount of time they spent exploring the familiar and novel objects. This 
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test has three distinct phases, a habituation, training and testing phase. The habituation phase 

enables the subject to familiarise itself with the new environment, whilst the training phase 

exposes them to two identical objects. They are then tested after an identical object is 

removed and replaced with a novel object that is of similar size but different shape to the 

familiar object. This test relies on rodent preference for novelty, with the assumption being 

that they are more likely to explore the novel object during the testing phase than the familiar 

object that they were previously exposed to it during training (Lueptow, 2017; Antunes & 

Biala, 2012).  

This particular apparatus comprised a 600x600-mm wooden open field, with 250-mm high 

walls and situated on top of a 700-mm high table. Both the floor and the inside of the walls 

were black, with a 16 square grid that was marked by white lines and numbered in the same 

colour. An infrared video camera was situated 850-mm above the apparatus and was 

connected to a television monitor for observing the behaviour of the rats without being seen 

by the rat. For the habituation phase, each rat was placed in the apparatus facing away from 

the centre and to the wall closest to the researcher. There were no objects present in the 

apparatus during this period and each rat was given three minutes to habituate to the new 

environment. After the three minutes had finished, the rat was removed and two identical 

objects were placed in the apparatus in preparation for the training condition. The objects that 

were used for the training condition alternated between identical wooden cubes (40 x 40 x 40 

mm high) and cylinders (44-mm diameter x 38-mm high). One object was placed in the left 

corner on square one, and the other object was placed in the right corner on square four. After 

these were in place, the rat was returned to the apparatus in the same way it had been for the 

habituation condition. It was given five minutes to explore the two identical objects after 

which, the rat was once again removed from the apparatus and both identical objects were 

removed. These were then replaced by a new, identical object to avoid odour cues and a 
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novel object that was similar in size but of a different shape (cube or cylinder) to the identical 

object. Once this was set up for the testing condition, the rat was returned and placed in the 

apparatus the same way as previously. The rat was then given six minutes to explore the 

objects, with object exploration being recorded every five seconds as indicated by an auditory 

signal from an ear piece to a timer, for a total of 72 explorations. Each rat in each condition 

was randomly assigned its familiar and novel objects, as was the positioning of the novel 

objects. Half of the rats in each treatment group and sex had a cylinder as their novel object 

whilst the other half having a cube. This pattern was the same for the positioning of their 

novel objects, being on either the left or right. During the NOR testing at 90 PND, the novel 

objects and positioning were switched for each rat. For example, if a rat at 60 PND had the 

cube for its novel object and its positioning was on the left, then at 90 PND its novel object 

would be the cylinder and its positioning in the apparatus would be on the right. This was to 

avoid any possible memory effects from the first NOR testing. 

7.2.3 Light-Dark Box (LD) 

Rats were subjected to the LD test as another measure or anxiety due to their natural aversion 

to light. As aforementioned, rats are nocturnal creatures so there may be a natural reluctance 

to enter and spend a lot of time in the light. However, this test does also allow for exploratory 

behaviour which permits researchers to understand the impact of substances on rodent 

anxiety through their side preferences in the LD (Bourin & Hascoet, 2003).  

The apparatus was 300-mm long x 200-mm wide with its walls 300-mm high, situated on a 

600-mm high table. Its light and dark compartments were separated by a dividing wall, with a 

100 x 100 opening that could be opened or closed by a vertical sliding door that could be 

lifted or lowered. The inside of the light compartment was painted white and consisted of a 

transparent lid to allow higher illumination in this side. The inside of the dark compartment 
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was painted black and consisted of a wooden lid to limit any entry of light. An infrared 

camera was situated 850-mm above the apparatus and connected to a television monitor for 

observing the rats’ behaviour. Each rat was placed in the dark compartment with the door 

closed for one minute to habituate to their surroundings. After one minute, the door was lifted 

to allow the rat entry into the light. When the door was lifted, a timer was started to record 

the length of time it took for the rat to first emerge from the dark compartment. Once it 

emerged, the emergence time was recorded and, for six minutes the rat was given a six 

minute testing period in the LD, with their compartment occupancies being recorded every 

five seconds which was indicated by an auditory signal from an ear piece to a timer. This 

allowed for a total of 72 occupancies to be recorded. Once the six minutes had finished, the 

number of entries into the light and dark compartments were recorded, alongside their total 

entries and the total number of occupancies in the light compartment. If any rat failed to 

make their first emergence after 300 seconds or five minutes, the test was terminated. 

Subsequently, their emergence would be recorded as 300 seconds with a score of zero being 

assigned for entries into, and occupancy of the light compartment. 

7.3 Data analysis 

The data was entered into IBM SPSS database for performing 4 (drug treatment) x 2 (sex) x 2 

(treatment age) ANOVAs with each variable, time and behaviour accounted for. Individual 

subjects were known by a number and letter code which identified them by their cage and 

colour id (e.g. 1R= Cage 1, red rat). The two dependent variables of sex and treatment group 

were coded by numbers (e.g. females = 1, males = 0; control group = 1, caffeine treatment = 

2, nicotine treatment = 3, combined treatment = 4). The behaviour rates, observations and 

time for the testing during 60 PND and 90 PND were logged separately and discerned under 

headings that included the initials for the test apparatus, behaviour, and testing age (e.g. 
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OFAT1 = Open Field Ambulation at [1st testing age] 60 PND; NORTET2 = Novel Object 

recognition Total Exploration at [2nd testing age] 90 PND).  

In the data analysis, a repeated measure ANOVA between drug treatment (4) x sex (2) x 

treatment age (2) were performed for each behaviour at both testing ages. Following 

significant F tests for drug treatment, Scheffe post-hoc tests were used to determine whether 

there were any significant treatment differences for either behaviour. The criterion for 

statistical significance was an alpha level of .05.
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8.0 Results
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Table 2. Mean (±SEM, in brackets) values of all responses recorded in the three types of apparatus are displayed in Table 2 along with the 

results of the ANOVAs for the effects of drug treatment, sex, and indications of significant effects. 

           

                  Treatment           Sex (mean ±SEM)   

           
Responses       CON      CAF       NIC   CAF+NIC F (3, 56)     Males   Females F (1, 56) 

OF           
Centre occupancy  11.31(±1.41) 9.19(±1.15) 10.19(±1.54) 12.62(±1.55)    2.11 11.89(±0.24) 9.76(±0.04)   4.35* 

Corner Occupancy  27.03(±1.4) 28.84(±1.99) 31.28(±1.83) 27.72(±1.83)    1.73 27.09(±0.02) 30.34(±0.12)   5.27* 

Walking   31.28(±1.18) 28.12(±1.26) 29.03(±2.45) 30.72(±1.73)    2.22 27.37(±0.02) 32.20(±0.07)   24.17*** 

Rearing   26.22(±1.36) 24.37(±2.13) 25.87(±1.57) 27.97(±2.17)    0.99 26.19(±0.16) 26.03(±0.10)   0.01 

Grooming  1.84(±0.34) 2.06(±0.34) 1.78(±0.39) 1.31(±0.34)    1.61 1.80(±0.02) 1.70(±0.001)   0.14 

Immobility  12.66(±1.26) 17.44(±2.54) 15.31(±2.02) 12.00(±1.23)    2.87* 16.64(±0.42) 12.06(±0.05)   9.57** 

Ambulation  53.75(±1.82) 50.84(±2.69) 53.12(±2.04) 53.94(±1.39)    0.97 48.62(±0.40) 57.20(±0.08)   35.15*** 

Faecal Boluses   1.03(±0.39) 1.16(±0.44) 2.16(±0.74) 1.34(±0.51)    2.41 2.61(±0.04) 0.23(±0.03)   53.06*** 

           
NOR           
Total exploration  23.16(±2.40) 24.00(±1.92) 21.03(±1.71) 22.59(±1.77)    0.83 19.19(±0.04) 26.20(±0.18)    26.09*** 

Index   -0.06(±0.08) 0.14(±0.05) -0.09(±0.04) 0.18(±0.04)   13.84*** 0.02(±0.02) 0.06(±0.003)    0.81 

           
LD           
Light Entries  8.22(±0.52) 8.62(±0.47) 7.53(±0.49) 7.66(±0.61)    1.68 7.50(±0.01) 8.51(±0.03)    6.68** 

Light Observation   33.03(±1.63) 35.53(±1.77) 35.06(±2.09) 31.47(±1.98)    2.08 32.20(±0.42) 35.34(±0.37)    5.80* 

Main effects significant * p ≤ .05  ** p ≤ .01   ***p ≤ .001 (see text below)         
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Treatment effects: Significant treatment effects only occurred for two recorded responses. In 

the OF, treatment was found to have a significant effect on immobility, F (3, 56) = 2.87, p = 

.04. Post hoc analyses demonstrated that the caffeine-alone treatment had a marginally 

significant increase on the overall recorded rates of immobility compared to the combined 

caffeine-nicotine treatment. The latter treatment condition demonstrated a marginally 

significant decrease on immobility in rats. No other treatment effects were found to be 

significant on immobility.  

In the NOR, drug treatment was found to have a significant effect on the rats’ index scores/ 

object preferences, F (3, 56) = 13.84, p < .001. Post hoc analyses revealed that caffeine-alone 

treatment increased rat index scores compared to nicotine-alone treatment and saline-control. 

Indicating a significantly higher preference for the novel object. The combined caffeine-

nicotine treatment also demonstrated a significant increase for the rats’ index scores 

compared to nicotine treatment and saline control. The nicotine-alone treatment demonstrated 

a significant decrease on rats’ index scores, compared to the caffeine-alone and caffeine-

nicotine treatment conditions. Indicating a significantly higher preference for the familiar 

object. The saline-control also significantly decreased rats’ index scores.
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Table 3. Mean (±SEM, in brackets) values of all responses recorded in the three types of apparatus are displayed in Table 3 along with the 

results of the ANOVAs for the drug treatment x treatment age interactions, and indications of significant effects.  

 

  
            

                        Treatment (mean ±SEM)  

       
Responses      CON      CAF       NIC CAF+NIC F(3, 56) 

              

OF       
Centre occupancy 11.31(±1.41) 9.19(±1.14) 10.19(±0.99) 12.62(±1.55)    2.09 

Corner occupancy 27.03(±0.27) 28.84(±0.06) 31.28(±0.15) 27.72(±0.36)    0.69 

Walking  31.28(±1.18) 28.12(±1.26) 29.03(±1.38) 30.72(±1.73)    2.50 

Rearing  26.22(±1.36) 24.37(±2.13) 25.87(±1.57) 27.97(±2.17)    4.64** 

Grooming 1.84(±0.34) 2.06(±0.34) 1.78(±0.39) 1.31(±0.34)    1.18 

Immobility 12.66(±1.25) 17.44(±2.54) 15.31(±2.02) 12.00(±1.23)    3.98** 

Ambulation 53.75(±1.82) 50.84(±2.69) 53.12(±2.03) 53.94(±1.39)    2.10 

Faecal Boluses  1.03(±0.39) 1.16(±0.44) 2.16(±0.73) 1.34(±0.51)    0.16 

       
NOR       
Total exploration 23.16(±2.40) 24.00(±1.92) 21.03(±1.71) 22.59(±1.77)     3.97** 

Index  -0.06(±0.08) 0.14(±0.05) -0.09(±0.04) 0.18(±0.04)     1.79 

       
LD       
Light Entries 8.22(±0.52) 8.62(±0.47) 7.53(±0.49) 7.66(±0.00)     0.46 

Light Observation 33.03(±1.63) 35.53(±1.78) 35.06(±2.09) 31.47(±1.98)     1.22 

Main effect significant * p ≤ .05, ** p ≤ .01, *** p ≤ .001 (see text below)   
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Treatment x age interactions: There were significant age x treatment interactions found for 

rearing (F [3, 56] = 4.64, p = .006) and immobility (F [3, 56] = 3.98, p = .01) in the OF. For 

rearing, the combined caffeine-nicotine treatment significantly increased rearing behaviour in 

rats from 60 PND to 90 PND. Likewise, the saline-control also significantly increased rearing 

behaviour over time. Nicotine-alone treated rats demonstrated a significant decrease in their 

rearing from 60 PND to 90 PND. The caffeine-alone treatment did not demonstrate a 

significant age x treatment interaction. For immobility, the caffeine-alone treatment 

demonstrated a significant increase for immobility in rats from 60 PND to 90 PND. Similarly, 

the nicotine-alone treatment also demonstrated a significant increase in the rats’ immobility 

from 60 PND to 90 PND. The saline-control treatment also significantly increased 

immobility over time. Only the combined caffeine-nicotine treatment did not demonstrate a 

significant age x treatment interaction on immobility.  

For the NOR, only total object exploration rate demonstrated a significant age x treatment 

interaction, F (3,56) = 3.97, p = .01. The nicotine alone treatment demonstrated significant 

decrease in the total exploration of the objects that rats exhibited from 60 PND to 90 PND. 

The caffeine-alone treatment also demonstrated a significant decrease on object exploration 

in rats over time.  
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Table 4. Mean (±SEM, in brackets) values of all responses recorded in the three types of apparatus are displayed in Table 4 along with the 

results of the ANOVAs for treatment x sex interactions and the indications of significant effects. 

                        

     Males (mean±SEM)        Females(mean±SEM)      

            
Responses         CON      CAF      NIC    CAF+NIC      CON CAF  NIC CAF+NIC F (3, 56) 

                        

OF            
Centre occupancy  12.94(±2.52) 8.19(±1.83) 11.19(±4.40) 15.25(±2.54) 9.69(±1.13) 10.19(±1.32) 9.19(±1.23) 10.00(±1.12) 2.25 

Corner 

Occupancy  26.06(±6.86) 29.31(±3.53) 28.12(±2.28) 24.87(±2.38) 28.00(±1.20) 28.37(±2.03) 34.44(±2.35) 30.56(±2.46) 1.44 

Walking   30.00(±1.37) 27.50(±1.92) 25.75(±1.36) 26.25(±1.98) 32.56(±1.88) 28.75(±1.69) 32.31(±1.34) 35.19(±1.67) 3.27* 

Rearing   25.56(±1.56) 21.00(±2.88) 26.37(±2.66) 31.81(±3.14) 26.87(±2.15) 27.75(±2.75) 25.37(±1.44) 24.12(±2.06) 4.07** 

Grooming  1.87(±0.49) 2.37(±0.45) 1.56(±0.50) 1.37(±0.48) 1.81(±1.40) 1.75(±0.44) 2.00(±0.62) 1.25(±0.52) 0.76 

Immobility  14.56(±2.01) 21.12(±4.34) 18.31(±3.33) 12.56(±1.77) 10.75(±1.24) 13.75(±1.94) 12.31(±1.29) 11.44(±1.18) 0.85 

Ambulation  48.62(±2.20) 44.56(±3.73) 49.62(±3.09) 51.69(±1.71) 58.87(±1.32) 57.12(±2.41) 56.62(±2.10) 56.19(±1.85) 1.50 

Faecal Boluses   1.87(±0.64) 1.94(±0.70) 4.12(±1.06) 2.50(±0.83) 0.19(±0.37) 0.37(±0.27) 0.19(±0.37) 0.19(±0.37) 2.80* 

            
NOR            
Total exploration  17.56(±2.96) 23.31(±2.47) 17.56(±2.56) 18.31(±2.05) 28.75(±2.53) 24.69(±2.67) 24.50(±1.56) 26.87(±1.97) 2.28 

Index   -0.18(±0.13) 0.18(±0.07) -0.10(±0.06) 0.21(±0.06) 0.06(±0.09) 0.10(±0.05) -0.07(±0.04) 0.15(±0.06) 4.08** 

            
LD            
Light Entries  7.50(±0.66) 8.12(±0.75) 7.62(±0.67) 6.75(±0.95) 8.94(±0.70) 9.12(±0.55) 7.44(±0.68) 8.56(±0.68)   1.22 

Light Observation   33.25(±2.66) 35.56(±3.02) 31.87(±2.27) 28.12(±3.31) 32.81(±1.86) 35.50(±1.80) 38.25(±3.07) 34.81(±1.53)   2.26 

Main effect significant * p ≤ .05 ** p ≤ .01 *** p ≤ .001  

(see text below)             
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Treatment x sex interactions: There were also a number of significant treatment and sex 

interactions found within the OF. For walking behaviour (F[3, 56] = 3.27, p = .03), the 

combined caffeine-nicotine treatment significantly increased walking for female rats but not 

for males. The combined drug treatment significantly decreased walking in males. The 

nicotine-alone treatment significantly increased walking behaviour in females. The nicotine-

alone treatment significantly decreased walking in males.  

A significant sex x treatment interaction was found for rearing, F(3, 56) = 4.07, p = .01. The 

combined caffeine-nicotine treatment had a significant increase on the rearing behaviour in 

males. The combined drug treatment also significantly decreased this behaviour in females. 

Caffeine-alone treatment was found to have a marginally significant increase on rearing in 

females. This particular treatment also significantly decreased rearing in males.  

The number of faecal boluses also demonstrated a significant sex x treatment interaction, F(3, 

56) = 2.80, p = .05. The nicotine-alone treatment demonstrated a significant increase on the 

number of boluses that male rats demonstrated but for females. The combined caffeine-

nicotine treatment also significantly increased the number of boluses in the OF for male rats 

but not for females. Neither the saline-control nor the caffeine-alone treatment demonstrated 

significant treatment x sex interactions. 

In the NOR, a sex x treatment interaction was also significant for object preference, F(3, 56) 

= 4.08, p = .01. Saline-control significantly increased the index scores or preference for the 

novel object in females but not for males. No other drug treatments demonstrated significant 

effects on the object preference between the sexes. 
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Differences between the two sexes: As can be seen in Table 2, male rats demonstrated 

significantly higher occupancies of the centre squares (F[1, 56] = 4.35, p = .04), immobility, 

(F[1, 56] = 9.57, p =.003), faecal defaecation (F[1, 56] = 53.06, p < .001) than females. 

Female rats demonstrated significantly higher occupancies of the corner squares (F[1, 56] = 

5.27, p = .02) walking, (F[1, 56] = 24.17, p <.001), ambulation (F[1, 56] = 35.15, p < .001) in 

the OF than males. In the NOR and the LD, female rates exhibited significantly higher total 

object exploration (F[1, 56] =  26.09, p < .001), light compartment entries (F[1, 56) = 6.68, p 

= .01) and number of observations in the light compartment (F[1, 56] = 5.80, p = 0.02) than 

males.  
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9.0 Discussion of results     

This current study aimed to investigate how the simultaneous exposure to caffeine and 

nicotine during adolescence affected subsequent anxiety behaviours in rats during early 

adulthood. These were compared to the behaviours that followed the adolescent exposure of 

either caffeine, nicotine, or saline. Overall, the results provide some insight regarding how 

behaviour in early adulthood is affected as a consequence of simultaneous use of caffeine and 

nicotine during adolescence. It also provides some comparative differences with singular 

nicotine use and by extension, singular caffeine use and drug abstinence following 

adolescence. Many of the behavioural outcomes of the treatment conditions were moderated 

by the sex of the rats more so than age. 

Treatment  

Overall, the combined treatment of simultaneous caffeine and nicotine had complicated 

effects on the overall behavioural patterns in early adulthood. It demonstrated a few treatment 

effects and interactions on behaviour, however these were largely anxiolytic. The 

simultaneous use of caffeine and nicotine had increased rearing behaviours in rats over early 

adulthood, similarly to saline-control. Likewise, the combined treatment did not decrease 

object exploration over time compared to the singular use of either caffeine or nicotine. As an 

overall treatment effect in early adulthood, the simultaneous use of caffeine and nicotine did 

slightly lower immobility in rats compared to the singular use of caffeine. Likewise, it was 

the only treatment condition to not increase immobility in rats over time. The combined 

treatment also had a positive effect on object preference in the NOR, as the caffeine-nicotine 

treated rats exhibited a greater preference for novelty than the rats that were exposed to either 

singular nicotine use or saline-control. These overall effects on immobility and object 

preference, may provide some evidence regarding the counteractive behavioural effects that 
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nicotine and caffeine may have on each other. However, which drug can counteract which 

may be dependent on the environment or task demands compared to the singular use of 

either.  

9.1. Despite these positive treatment effects, the simultaneous exposure to caffeine and 

nicotine had some sex-specific anxiogenic and anxiolytic effects on behaviour. There were at 

least two specific behaviours that the combined drug treatment increased for male rats only. 

Overall, the simultaneous exposure to caffeine and nicotine increased the number of recorded 

rears in males, as well as the number of faecal boluses in the OF compared to female 

counterparts. Likewise, this treatment negatively impacted on rearing behaviour in females. 

However, the combined treatment did increase the rate of walking in females, whilst 

decreasing it in males. This sex-specific treatment effect for walking was similar to that 

found for females exposed to singular nicotine use. These behavioural patterns between the 

sexes may demonstrate that the simultaneous use of caffeine and nicotine has complicated 

anxiogenic and anxiolytic effects on the baseline anxiety levels for males and females.  

9.1.1 The singular use of nicotine during adolescence had a relatively small number of 

treatment effects on behaviour in early adulthood in comparison to the simultaneous use of 

caffeine and nicotine. However, unlike the combined drug treatment, nicotine-alone’s 

treatment effects on behaviour were primarily anxiogenic. Overall, the singular use of 

nicotine during adolescence simultaneously decreased rearing behaviour in rats and increased 

their rate of immobility over time. Likewise, the nicotine-alone treatment decreased the 

object exploration rate over time which is comparable with the treatment effect of singular 

caffeine use, but not for the simultaneous use of both caffeine and nicotine. Similarly, the 

singular use of nicotine increased rat preference for the familiar object overall in comparison 

to the singular use of caffeine and the simultaneous use of both drugs. This indicates that the 

singular use of nicotine in adolescence may increase the incidence of anxiety-related 
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behaviours and subsequent memory problems, in comparison to its simultaneous use with 

caffeine.  

9.1.2 Similar to the simultaneous use of caffeine and nicotine, the singular use of nicotine had 

different anxiety-related behavioural effects between the sexes. Nicotine-alone treatment 

negatively impacted on the walking behaviour in males, but improved this behaviour in 

females. The nicotine-alone treatment also increased the number of boluses that the males 

defecated in the OF. However, this effect was not found for their female counterparts. This 

suggests that the singular use of nicotine in adolescence has an anxiolytic effect on female 

behavioural patterns which is comparable to the females that were exposed to the 

simultaneous use of both caffeine and nicotine during the same developmental age. 

Conversely, the effects of the nicotine-alone treatment in males are considerably more 

anxiogenic on their behavioural patterns compared to the caffeine-nicotine treated males.   

9.1.3. The singular use of caffeine had fewer effects on anxiety-related behaviour than either 

the singular use of nicotine or simultaneous use of both caffeine and nicotine. Some of its 

main treatment effects included its slight increase on recorded immobility in comparison to 

the combined drug treatment, and its decrease on the total object exploration over time. An 

effect not shared by the combined drug treatment. The singular use of caffeine also increased 

immobility over time for rats, which is comparable to the nicotine-alone treatment and the 

saline-controls, but not for the combined treatment. Complicatedly, it did increase rat 

preference for the novel object similarly to the combined treatment, and in comparison to the 

nicotine-alone treated rats and controls. Although given the decrease in object exploration 

over time, this may indicate that caffeine is beneficial for memory and that retention may 

improve over time. 
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9.1.4 Interestingly, the singular use of caffeine had a small number of anxiolytic effects on 

behaviour between the sexes. Unlike the other drug treatments, its use slightly increased 

rearing behaviour overall in females in comparison to the effects of the combined treatment 

for females. Conversely, the singular use of caffeine did not affect the number of boluses in 

males, compared to the combined treatment and nicotine-alone treatment conditions.  

9.1.5 Overall, saline-control had very few treatment effects on anxiety-related behaviours in 

rats. Similar to the singular use of nicotine, control rats had an increase in their rates of 

immobility over time, as well as an increased preference for the familiar object overall in 

comparison to the caffeine-alone and caffeine-nicotine treated rats. However, unlike the drug 

treatment conditions, only isotonic saline elevated preference for novelty overall in females 

whilst lowering this for the male counterparts.  

Sex effects 

Many behaviours were found to be dominant in either one sex or the other. Overall, females 

had higher corner square occupancies, walking and ambulation than males, as well as a 

higher overall total object exploration, light compartment entries and number of observations 

in the light compartment. Conversely, males had higher rates of centre squares occupancies, 

immobility and faecal boluses overall.       
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10.0 General discussion  

The results indicate that the simultaneous use of caffeine and nicotine had a generally 

positive treatment effect on behaviour during early adulthood compared to the singular 

treatment of either drug. However, like the other treatment groups, some of its behavioural 

effects were moderated by other interactions. Overall, the different drug treatments had 

complicated anxiogenic and anxiolytic effects on various behaviours that can be affected by 

anxiety. These behaviours included exploration, memory problems, and gastrointestinal 

problems.  

10.1 Exploratory behaviour  

As rats have a naturally curious temperament for novelty, a reduction in their exploration of a 

new environment is indicative of them experiencing higher levels of anxiety (Heinz et al., 

2021). As a treatment by itself, the simultaneous use of caffeine and nicotine may seemingly 

counteract the negative effects that the singular use of either drug or age can have on 

exploration through walking and rearing behaviours. The combined treatment increased 

exploration by rearing over time in the OF, whilst the singular use of either drug increased 

the rate of immobility over time. Furthermore, the singular use of either drug in this study 

decreased exploration in the NOR, whilst the combined treatment and saline-control had no 

effect. These effects on exploration are aligned with the previous findings in the review that 

revealed that simultaneous caffeine and nicotine exposure increased motor activity such as 

ambulation after the singular use of either drug in rodent subjects (Sudakov & Bogdanova, 

2015; Kayir & Uzbay, 2006).  

10.1.1 Interestingly, the simultaneous use of caffeine and nicotine may have different 

anxiolytic effects on male and female exploration. This was evident through the positive 

impact that the combined treatment had on walking in females, and on rearing in males 
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despite latter behaviour not being predominant in either sex. Rearing is a type of exploratory 

behaviour that is generally displayed in females more than males (Alves et al., 2005; Simpson 

& Kelly, 2012; Dalla et al., 2005), although previous research has found that this may be 

strain dependent (Sturman et al., 2018). It is unclear as to why the nicotine-alone treatment 

had different anxiety-related effects on the walking behaviour between the sexes, when 

compared to the combined treatments’ inverse effects on both rearing and walking for males 

and females. Such differences in this behavioural effect may be due the different 

physiological hormone responses of the sexes to either caffeine and/ or nicotine during 

adolescent maturation, alongside the possible influence of the environment (Temple & 

Ziegler, 2011). Likewise, the anxiolytic effect that the combined treatment had on male 

rearing could also be due to the effect of dose. This may be evidenced by the lack of effects 

that the caffeine-alone and nicotine-alone treatment conditions had on this specific behaviour.  

10.2 Memory problems 

Anxiety can impair the attentional control needed for learning and memory consolidation, 

which is why concentration and learning difficulties are prevalent in humans with anxiety 

disorders (Robinson et al., 2013). Unfortunately, attention, learning, and anxiety all share the 

limbic system as a common pathway including regions such as the amygdala, hippocampus, 

and cingulate gyrus. This often enables anxiety to interfere with the formation and retrieval of 

new memories (Robinson et al., 2013).  

10.2.1 Both the caffeine-alone and the combined caffeine-nicotine treatment conditions 

greatly increased rat preference for novelty compared to the rats of both the saline control and 

nicotine-only treatment groups. Indicating that caffeine produces a stimulatory effect on 

learning and attention that can improve recognition memory, and potentially counteract the 

adverse effects that regular nicotine use can have on learning and memory. Previous studies 
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have found evidence that caffeine treatment does produce some advantageous effects on 

memory such as retention, consolidation and retrieval, albeit with low to moderate doses 

(Angelucci et al., 2002; Abreu et al., 2011; Almosawi et al., 2018). However, it is also 

reasonable to presume that this effect of caffeine may be influenced by the type of novel 

environment. This is because an exposed, novel environment may stimulate a different level 

of stress compared to an obscured, novel environment. Stress modulates learning, with 

moderate levels enabling memory formation whilst severe stress is detrimental (Sandi, 2007). 

Had the NOR been an exposed apparatus like the OF, it may be that this effect on recognition 

memory may not have occurred with the rats in the caffeine-alone and/ or caffeine-nicotine 

treatment groups.   

10.2.2 Interestingly, the impact of saline-control treatment greatly increased recognition 

memory and learning in female rats than males, despite the control treatment increasing 

overall preference for familiarity. The hippocampus which is vital for memory and learning, 

requires a high level of oestrogen to maintain cognitive functioning in both the male and 

female brain (Li et al., 2014). Previous studies have found that female rats which have 

received an ovariectomy demonstrated poor cognitive performances and significant 

alternations in their hippocampal and cortical structures (Djiogue et al., 2018); whilst human 

studies have found that oestrogen therapy can provide beneficial cognitive effects in 

perimenopausal women (Hogervorst & Bandelow, 2009).      

 It is unclear as to why this effect specifically occurred between male and female 

controls. However, the release of excess hormones during adolescence that either caffeine 

and/ or nicotine use can stimulate such as cortisol, may affect males and females differently. 

In a study by Reschke-Hernández et al (2017) both males and females reported similar levels 

of stress, despite the cortisol levels in women being significantly lower compared to men. 

This may indicate that females have a lower stress threshold, for which stress may impair 
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memory more readily; whilst males have a higher threshold which may enable the same level 

of stress to be beneficial for their memory. Abstinence from drugs that can stimulate or alter 

the release of other hormones in adolescence, could avoid any potential interference with the 

regular endocrine processes of oestrogen and testosterone during puberty. This may provide a 

protective effect on memory in females during adolescence which can continue into early 

adulthood.  

10.3 Gastrointestinal problems  

Previous research has indicated that a healthily functioning gut is associated with ordinary 

CNS function, with GI disorders such as irritable bowel syndrome possessing a correlational 

relationship to anxiety (Clapp et al., 2017; Jones et al., 2021; Reber, 2012). This is due to the 

bidirectional connection between the brain and gut. The gut is home to a variety of 

microbiota such as bacteria, viruses, and archaea and there is enough evidence to indicate that 

these microbiome can influence the neurotransmitters responsible for the gut-brain 

relationship (Balan et al., 2021). The neurotransmitters that act as modulators between the GI 

tract and brain including dopamine, serotonin, and epinephrine have also been found to 

influence anxiety. These neurotransmitters can affect the blood flow, absorption, gastric 

secretion, motility as well as controlling the temperature of the body (Mittal et al., 2017). 

Consequently, this allows the gut to also affect the endocrine system and the development of 

the hippocampal serotonergic system (Mohammadi et al., 2020). This, in turn, allows for the 

relationship between anxiety and GI problems such as an increase in bowel movements that 

can accompany this emotional state. As rats have a similar physiology to humans, it is 

reasonable to presume that defaecation may be an innate anxiety-related behaviour in rats, 

which can be measured by the number of faecal boluses 
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10.3.1. Both the nicotine-alone and combined drug treatment conditions increased the number 

of boluses in male rats only. This may suggest that the presence of nicotine during 

adolescence may affect excess dopamine in the gut for males. Dopamine is vital for bowel 

movements, with its release stimulating or enhancing symptoms in those with irritable bowel 

syndrome and its depletion a possible factor as to why those with Parkinson’s have difficulty 

passing bowel movements (Carrasco et al., 2018; Borji et al, 2012; Gros et al, 2021). The 

lack of excess dopamine release in the gut from singular caffeine use or drug abstinence 

during adolescence may explain why these two particular treatments did not affect bolus 

numbers in males.  

10.3.2 One behaviour that the rats were also observed performing was urinating in all three 

apparatuses, particularly in the OF. Stress in rats can cause an increase in urination or an 

overactive bladder (Merrill et al., 2013). Given that the rate of urination was not recorded, it 

is uncertain as to whether urination was due to sex, treatment, or a combination of these 

factors. 

  

11.0 Strengths and Limitations 

A number of strengths were present in this study. One strength was the involvement of rats as 

the test subjects. Rats have a similar physiology to humans, with both species presenting the 

same organs and internal functioning, as well as similar hormones. This enables the 

physiological responses of rats to closely mimic that of humans during drug exposure 

(Goutianos et al., 2015; APA, 2017). Their use as test subjects also allowed the study to 

retain an adequate sample size over a shorter period of time, as well as being able to control 

the exposure and drug dosage. With human participants, it would be harder to control the 

level of drug exposure, as well as maintaining an adequate number of participants over 
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adolescence and early adulthood. Furthermore, the age restriction surrounding nicotine use in 

humans and its addictive nature would compromise the study both ethically and legally.   

11.1 Another strength of using rats for this study was that the number of potential variables 

that could affect anxiety and its subsequent effects on behaviour was limited. When studying 

anxiety and its related behaviours in humans, there are many external variables can influence 

anxiety levels such as traumas, diagnoses of an anxiety disorder, or current life situation. 

Likewise, a number of protective factors could also limit the effects of anxiety such as the use 

of coping mechanisms (e.g. counting, control of breathing) or past therapy.  

11.1.1 Another strength was the apparatuses that were used to assess anxiety behaviour in 

rats. Anxiety displays similar behavioural patterns or symptoms in both humans and rats such 

as hypervigilance, freezing, avoidance and an increase in heart rate (Lezak et al., 2017; 

Bailey & Crawley, 2009). Both the OF and LD apparatuses are designed to assess the 

approach-avoidance behaviours of anxiety through instilling a sense of potential danger by 

way of open and/ or light exposure; which act against the nocturnal nature of rats (Lezak et 

al., 2017). This allows researchers to assess their patterns of anxiogenic or anxiolytic 

behaviours when performing research on the impact of drug exposure. Similarly, the NOR 

also allows for researchers to test for anxiety by using the rats’ preference for novelty and 

assessing their memory as anxiety is known to interfere with learning and concentration. 

11.2 There were also a number of limitations in this study. The first limitation is the under 

dosing of the caffeine-nicotine treated males. It is unclear as to how much of an effect that 

this had on their behaviour overall, particularly for rearing, However, it is possible that this 

had little overall impact on the behavioural outcomes, or it may have caused potential 

behavioural effects to be missed.  
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11.2.1 Another potential limitation is the timing of the second behavioural testing for 24 of 

the rats, including all 16 nicotine-treated rats. Like the under dosing, it is uncertain how much 

of an impact that the extended period had on rat behaviour, particularly those that were 

exposed to the singular use of nicotine. Had this not been delayed, it is possible that the 

effects of nicotine-alone treatment may have resulted in different outcomes. Likewise, it may 

also have had little impact on the behavioural outcomes. 

11.2.2 A limitation regarding the use of rats was that some of their behavioural testing were 

held on days when the cages that housed the rats were being cleaned. New cages that contain 

no familiar smells are effectively novel environments for rats. Rats that have been moved to 

new cages can show an increase in their heart rate and blood pressure at least 45-60 minutes 

after being moved, as well as affecting their mobility (Duke et al., 2001; Gaskill & Pritchett-

Corning, 2015). Combined with the extra commotion of being handled by multiple people, 

this may have primed anxiety in rats before their behavioural testing. It is uncertain as to how 

this may have affected their behaviour during the experiments. 

11.2.3 The method of drug administration and its association with the experimenter may also 

be another limitation for this study. The use of intraperitoneal injections to administer drugs 

is standard practice in pharmacological research. However, it has also been shown to create a 

mild to moderate stress response in rats, which may be further increased with the stress of 

restraint to aide drug administration by injection (Deutsch-Feldman et al., 2015). The 

combination of these two stressors can change the concentration of corticosterone in the HPA 

axis and its activity, which in turn allows it to affect the body’s physiological response to the 

drug being administered (Deutsch-Feldman et al., 2015). A different method of drug 

administration may have avoided a potential stress association with the experimenter who 

was also performing the behavioural tests. This limitation may lead to another in this study 

which is that the drug administration did not mimic the human consumption of nicotine and/ 
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or caffeine in human beings. With the exception of nicotinic patches, absorption by either the 

mouth or lungs is the typical method that humans consume nicotine and caffeine. 

Furthermore, the daily consumption rates are varied and the average dose will change 

weekly. As this study did not mimic human consumption in the different treatment 

conditions, it is difficult to infer how their effects on anxiety-related behaviour in rats 

translates into the same emotional effects in humans.  

11.2.4 Another limitation of this study is that it did not examine for any potential 

physiological changes in the rats, including brain structure and hormone levels in the blood. 

Multiple studies that have examined caffeine–only and nicotine-only treatment have found 

these drugs to have differing effects on the brain. Examining for physiological changes may 

have provided this study with greater comparisons between the singular use of either drug 

and the simultaneous use of both. This would also have enabled the study to understand what 

the impact is on the development of either the brain or body compared to healthy controls and 

whether sex may influence these changes. 

12.0 Implications and future research 

This study yields a few practical and theoretical implications for the area of behavioural 

pharmacology. The first implication is that this study was the first to assess simultaneous 

exposure to caffeine and nicotine use in adolescence and investigate how it affects anxiety 

and related behaviours during early adulthood. It also further adds to the minuscule amount 

of literature that examines the simultaneous use of caffeine and nicotine. As a result, this 

study also poses more questions than answers as to how caffeine and nicotine interact during 

adolescence and how this interaction affects behaviour in early adulthood. As observed, there 

was some evidence for caffeine and nicotine counteracting each other effects, even when 

moderated by sex. This was evidenced by the combined caffeine-nicotine treatment having a 
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generally positive treatment effect on behaviour overall, whilst demonstrating differences 

between the behavioural patterns of males and females. It is unclear as to why this is, but 

there may be moderating effects of drug interactions on hormones and/ or environmental 

influences. It is evident that further studies need to be performed regarding the simultaneous 

use of caffeine and nicotine and its effects on anxiety-related behaviours in adulthood. It 

would also be prudent to examine the physiological changes in the brain and body; and 

compare it to those that were exposed to the singular use of either to identify the potential 

mechanisms that allow either caffeine or nicotine to counteract one another. 

12.1 This study also allows for some identifiable differences between the singular use of 

either caffeine or nicotine and the simultaneous use of both. For singular nicotine use in 

particular, this study provides some insight as to how exclusive nicotine use affects behaviour 

in comparison to its simultaneous use with caffeine. From this study, it is reasonable to 

conclude that nicotine-alone treatment at least has a greater overall anxiogenic effect on 

behaviour, compared to the combined treatment. It is also reasonable to conclude that both 

the singular use of nicotine and its simultaneous use with caffeine may increase anxiety levels 

in males, but decrease it in females. This may be due to the differences in the physiological 

interactions between sex and drug use, which further justifies the need to examine the 

physiological changes in future studies. 

12.2 Future research into the simultaneous use of both caffeine and nicotine may also need to 

use other apparatuses for the behavioural testing to examine the extent that the simultaneous 

use of caffeine and nicotine has on anxiety-related behaviour. Given that no treatment effects 

were found in the LD box, the elevated plus maze may be a better replacement for this and 

may allow more treatment effects of simultaneous caffeine and nicotine use on behaviour. 

Likewise, a social interaction test and/ or a forced swim test may also be beneficial. Both 

caffeine and nicotine are substances that are used to elevate mood and socialising in humans. 
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Nicotine in particular has been found to increase socialisation, whilst caffeine can increase 

both socialisation and negative mood affects (Holloway & Thor, 1983; Smith, 2002; Martin 

& Sayette, 2018). The use of both of these apparatuses in future studies may allow 

researchers to examine which situations that the effects of either drug can counteract the 

other.  

12.3 Future research may benefit from differentiating the potential sensory stimulators such 

as light and smell between drug administration and behavioural testing rooms to avoid 

priming anxiety in the subjects. Previous research has found that the setting that drug 

administration takes place has an associative effect on behaviour (Avvisati et al., 2016). The 

setting of the room in which the behavioural testing was performed, was similar in sight, light 

exposure and smell to the drug administration room. Given that the method of drug 

administration by intraperitoneal injection is anxiety-inducing for the subjects, this would 

increase the association of anxiety with the room setting. This further justifies another 

recommendation for future research in which it would be beneficial to administer caffeine 

and nicotine in a similar manner to how humans consume them. Administering caffeine 

through food and drink, and nicotine through tobacco smoke exposure would be beneficial 

for both mimicry and the avoidance of stress associations between the experimenter and / or 

room setting.  

12.4 Following this, future studies may also want to consider including prenatal exposure as 

the first drug administration time point, with adolescent exposure being the second. Humans 

are first exposed to caffeine and occasionally, nicotine during foetal gestation, with the 

exposure increasing during adolescence. The use of these two distinct developmental periods 

for drug exposure may improve the validity of future research, and any attempts it makes to 

translate how anxiety is affected in early adulthood from rats to humans. 
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13.0 Conclusion 

Both caffeine and nicotine are the two most widely popular and licit substances that human 

beings consume, the consumption of which typically begins and/ or increases during 

adolescence. Similarly, rates of anxiety also increase during the adolescent developmental 

period due to the inherent risk that stressors can negatively affect the developing adolescent 

brain. Given that anxiety can be a side effect from the separate use of either drug, there is a 

concern as to how the simultaneous use of both substances during adolescence will impact on 

anxiety and its related behaviours during early adulthood. This study was performed to 

investigate the potential anxiety outcomes of simultaneous caffeine and nicotine use in 

adolescence, as little research has been done on this topic.  

Overall, the simultaneous exposure to both caffeine and nicotine during adolescence revealed 

few treatment effects. However, its overall effects were primarily anxiolytic for rat behaviour 

compared to the separate use of either drug, particularly nicotine. Unfortunately, the effects 

of saline-control and caffeine-alone treatment on behaviour were more complicated compared 

to the combined treatment’s effects. Despite this, most of the combined treatment’s effects on 

behaviour demonstrated an interaction between sex and treatment, with females experiencing 

less anxiety, whilst males experienced a complicated effect on different anxiety-related 

behaviours. This was comparable to the interaction of nicotine-only treatment on sex. As 

there are no analyses performed on the brains or bodies, it is difficult to ascertain what impact 

that simultaneous use of caffeine and nicotine had on sex and/ or as a treatment alone 

compared to the separate use of nicotine.  

Further research is required to understand what the impact of simultaneous caffeine and 

nicotine use in adolescence can have on the development of the brain and/ or body. It is 
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important to understand how these two widely used and popular drugs can impact on the 

emotional state and subsequently affect behaviour.  
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