
Neuropharmacology: Effect of Caffeine and Nicotine on Gromphadorhina portentosa Neural

Activity

Joseph Han

S.T.A.R Labs 2021-2022

Catalina Foothills High School

Dr. Ulises Ricoy

February 14, 2022



Abstract

Caffeine and nicotine are both common stimulants that are found in daily life. Their

common presence in modern products such as coffee and cigarettes make them very pertinent in

today’s society. However, it has never been directly tested to see which drug, caffeine or nicotine,

has a greater effect on the action potentials. This project used Madagascar hissing cockroaches

and a SpikerBox to determine the action potentials of the cockroaches under the influence of the

drugs. The results came out inconclusive with inconsistent action potentials in the cockroaches.

This study can be improved upon by changing the methodology to include a larger sample size or

have a more accurate method of measuring the action potentials.
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Question

What are the differences in neural activity (e.g. frequency) between caffeine and nicotine?

Introduction and Background Information

Caffeine and nicotine have both been popularized in modern culture as stimulants to the

human body with common commercial use in products such as coffee and cigarettes. Their

stimulating effects make them very common as people will often drink coffee to start their day

or have a cigarette to spur more dopamine development making the user happier. This study will

measure differences between caffeine and nicotine’s effect on action potentials.

Action potentials are changes in voltage potential in the membranes between neurons.

This is influenced by sodium and potassium channels that diffuse in and out of neuron cells

from external stimulants such as drugs like caffeine and nicotine (5). If the stimulant is more

powerful then these channels will be more active, increasing the frequency of them producing

action potentials. Therefore by measuring the differences in action potentials we can determine

the varying effectiveness of nicotine and caffeine.

Nicotine primarily targets acetylcholine, a chemical hormone in the autonomic nervous

system that regularly binds to synapses (1). Nicotine will amplify the effects of this binding

which will increase the neural activity as a result from the rise in sodium ion influx (1). This has

a wide range of effects: an increased hippocampal apoptosis, increased locomotor activity,

systemic inflammation, and anxiety or depression-like behaviors (3, 6)

Caffeine has also been determined to have similar effects such as increased brain entropy,

brain function, and processing capacity (3). It does this by mobilizing intracellular calcium and

increasing energy metabolism in the brain which stimulates the neurons more overall. This can

lead to effects with increased anxiety, decreased sleep, vigilance, and fatigue (7).
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Lastly, Gromphadorhina portentosa, commonly referred to as the Madagascar Hissing

Cockroach, will be used to model the effects of caffeine and sugar due to its inexpensive nature

and precedent for modeling subjects such as stress and memory (8).

As a result of the similar effects of the drugs, this study will explore the differences

between caffeine and nicotine action potentials with respect to their frequency.

Hypothesis

If we inject G. portentosa with 1 mL of caffeine and nicotine, then we can experimentally

measure the action potential to determine which stimulant results in increased neural activity.

Methods

This project was focused on using solutions of caffeine and nicotine to determine which

one has a greater effect on cockroach neural activity. The material required for this experiment

included the following: seven G. portentosas, 100mM nicotine solution, and 100mM caffeine

solution.

The cockroaches were initially anesthetized in cold water (3℃) for 3 minutes. Three of

these cockroaches were injected with 1mL of prepared caffeine solution in their ventral

abdomen. Three other cockroaches were injected with 1 mL of the nicotine solution in the same

location. The last cockroach was not injected with anything to serve as a control for the

experiment to determine whether or not the caffeine and nicotine actually changed the neural

activity of the cockroaches. All seven cockroaches were left out at room temperature for 12

minutes to allow the caffeine and nicotine solutions to travel through the cockroaches’ bodies.

At the 12 minute mark, the cockroaches’ ventral hind leg (mesothorax) was removed.

The cockroach’s leg is removed for various reasons. First, the leg will grow back allowing

the cockroach to continue living. Plus, the leg contains segments of the central nerve cord, a
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system of neurons throughout the body that help communicate information, found in the many

spines and hairs on the leg (2). Due to the large number of sensory nerves found on the leg, the

leg is one of the best indicators for nerve stimulation.

We used the SpikerBox to measure the cockroach’s action potential. We placed one

SpikerBox’s electrode in the leg’s femur and another one in the tibia close to the tarsus. Then a

toothpick was used to tap on the leg to stimulate sensory impulses. The toothpick pressed down

on the leg 5 times and the SpikerBox program was able to record these neuron developments for

future analysis.

To analyze the recordings we used the SpikerBox program. We used the analysis feature

in the program which made the records of the action potentials into a large number of individual

points. Then, we marked off the parts of the graph that were considered regular noise (artifact)/

points that were not a result of the drug. This was accomplished by visualizing when impulses

came off baseline, indicating a sensory impulse. Additionally, the points not included in this

average range can be considered action potentials influenced by the drugs or other external

factors. These points were calculated and analyzed in Results.

Results

Table 1. Number of Action Potential Points

Cockroach 1 Cockroach 2 Cockroach 3

Caffeine 56 71 122

Nicotine 176 85 53

Control 76 X X
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Figure 1. These are examples of SpikerBox recordings with action potentials of a cockroach

injected with caffeine. The areas marked off by the purple lines are considered action potential

points affected by the drugs, and were the points that we counted.

Figure 2. These are examples of SpikerBox recordings with the action potentials of a cockroach

injected with nicotine.
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Figure 3. This is an example of a SpikerBox recording with the action potentials for the control

(no drug).

The data collected above measures the number of neurological electrical points that were

influenced by either caffeine, nicotine, unidentified factors. There is a large amount of variety in

the data with similar ranges between the cockroaches injected with caffeine and nicotine. The

data displays no indication of significance between the action potentials of caffeine, nicotine,

and the control. Due to this lack of significance it is impossible to reach a conclusion as to how

the drugs caffeine and nicotine impact the sensory neurons of the cockroaches.

Discussion

The data was conducted through the University of Arizona where the cockroaches were

prepared and measured for their action potentials. The data has similar ranges in frequency of

action potentials with caffeine ranging from 56 points to 122 points and nicotine ranging from

53 points to 176 points. Plus, the average one of a cockroach was determined to be 76 using this

method. These massive differences and similar ranges are too spread out as well to be

significant. The stimulants should have consistently been increasing the action potentials based

on past studies. Additionally, the small sample size fails to definitely prove a definite correlation

between the two and if they both have similar large ranges in action potentials. Therefore, the
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data displays no indication of differences between the caffeine, nicotine, or control. This

indicates that the results are inconclusive and that they fail to reject the null hypothesis.

The small sample size makes mathematical calculations such as bell curves and averages

unreliable, however, the similar wide spreads in the data points indicate a lack of association

between the two variables.

Further studies would contain changes in the methodology of the experiment. This can

include a larger sample size to deliver more specific range of action potentials. Additionally, a

more precise method of measuring the action potential data potentials would be helpful to

deliver more accurate results. The current method required an approximation to determine the

action potentials stimulated by the drugs, but other forms of measurement that are more exact

would be more beneficial to develop a significant correlation.

Additionally, this project only studies the effect of nicotine and caffeine at a 100 mM

concentration. Higher concentrations would also be worth investigating to receive more

significant results. Cockroaches could also be swapped out for other inexpensive invertebrates

such as crickets to see whether other animals provide a more varied reading in their action

potentials.
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