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ABSTRACT

Morphine is a widely recognized analgesic used to mitigate pain, especially during intense medical procedures. Its
primary function is to relieve patients from unbearable pain by interacting with the body’s central nervous system.
Despite its effectiveness, cases where morphine does not alleviate pain, or produces an inadequate effect, present
challenges in clinical settings. This study explores the application of morphine using a cybernetic automaton model,
wherein pain response is viewed through the lens of classical conditioning. By simulating morphine administration in
different contexts, the study aims to deepen the understanding of how preemptive and reactive morphine application
alters pain perception.

Index Terms—morphine; classical conditioning; pain response; cybernetic modeling; pain mitigation

INTRODUCTION

The use of morphine in clinical settings has a long-established history in the management of severe pain, particularly
in cases of surgery, trauma, or terminal illness. Morphine, an opioid, interacts with the body’s opioid receptors to alter
the perception of pain. Although its effects are generally reliable, the timing and administration of morphine can
significantly impact the overall patient experience. This paper aims to explore the effects of administering morphine
both preemptively—before the patient experiences pain—and reactively—after pain has been detected. Using a
cybernetic automaton model, this study attempts to provide insights into the conditioned responses that may develop
in patients as a result of different pain management approaches.

The focus of this study lies in understanding how a patient’s pain response adapts to the administration of morphine.
By modeling this interaction with a cybernetic automaton, a more structured analysis of pain and recovery can be
made. The study seeks to provide a clearer understanding of how administering morphine at different stages of pain
affects a patient’s experience, potentially influencing clinical decisions on pain management strategies.

ACCESSING THE EXPERIMENTAL ENVIRONMENT

Using Tux for Morphine Simulation

In order to run the experiment, users must access Drexel University’s tux system via a Secure Shell (SSH) connection.
Tux is the university’s UNIX-based server, which allows students and researchers to run computational experiments
remotely. To gain access, users need to request a tux account through the university’s IT services. Once the account
is activated, users can access the experimental directory by navigating to ‘/home2/home-a/aad356/ca/‘. The primary
pro- gram for this study is ‘morphine3.py‘, which can be executed to simulate the described pain and morphine
administration scenarios. For further experiments, users may also explore alternate versions by using filenames such
as ‘morphine4.py‘ and ‘morphine5.py*.
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CASE STUDIES

Administering Morphine Preemptively

The first case study examines the scenario in which morphine is administered preemptively, prior to the patient
experiencing any pain. Although this is an unconventional method of administration, the goal is to explore whether
morphine can effectively prevent pain from being fully realized by the patient. The model simulates this scenario by
tracking the interaction between various stimuli and responses. This case aims to determine the impact of administering
morphine before pain has been detected, and whether the patient experiences a lower intensity of pain as a result.

Process: The process for this simulation consists of five primary states: normalcy (state 0), pain stimulus (state 1),
recovery (state 2), morphine administration (state 3), and morphine depletion (state 4). The patient’s response is
measured in terms of whether pain is felt (0) or not felt (1). The intensity of pain and recovery is controlled by variables
initialized at the start of each iteration, allowing the simulation to model various levels of pain and relief. The system
runs for ten iterations, each of which represents a different experimental condition where morphine is administered
preemptively. During each iteration, morphine is administered prior to the onset of pain (state 1), and the recovery
(state 2) is observed as morphine takes effect.

Results: The results of the simulation show a notable de-crease in pain response following preemptive morphine
administration. In many iterations, the patient reports no pain at all after morphine is given. The output is as follows:
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The preemptive administration of morphine generally yields positive outcomes, with the majority of iterations
showing no pain experienced by the patient. However, this approach is not standard in medical practice due to the
unpredictability of pain stimuli, and further exploration is required to understand its real-world applicability. The
model demonstrates that administering morphine prior to pain can significantly reduce the intensity of the pain
response but does not eliminate the possibility of breakthrough pain.

Administering Morphine Reactively

The second case study involves the administration of morphine after pain has already been detected, a more
conventional approach in clinical settings. In this scenario, morphine is given as soon as the patient reports
experiencing pain, and the response is tracked to measure how quickly the pain subsides. This method is generally
preferred in clinical settings to avoid administering medication unnecessarily and to ensure that morphine is used only
when needed.

Process: The stimuli for this simulation follow the same structure as the previous case study: states O through 4
represent normalcy, pain stimulus, recovery, morphine administration, and morphine depletion, respectively. Unlike
in the previous scenario, morphine is administered only after the patient has experienced pain. Each simulation begins
with a pain stimulus (state 1), and morphine is administered in response. The model tracks the patient’s recovery
process and determines how long it takes for the morphine to reduce pain after it has been detected. Ten iterations of
the process are run, with random variations in pain intensity and recovery rate.

Results: The results of this simulation show that ad- ministering morphine reactively, after pain has been detected,
leads to a slower reduction in pain compared to the preemptive case. The output is as follows:

Iteration, In pain0O O
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These results indicate that patients generally experience pain for a longer period before morphine takes effect in the
reactive case. However, this approach is preferred in clinical practice because it minimizes unnecessary administration
of medication and provides a more tailored response to the patient’s condition. Over time, the modeldemonstrates that
while reactive morphine administration does result in temporary pain, it effectively reduces pain intensity after the
drug is applied. The slower onset of relief highlights the importance of timely administration in pain management
strategies.
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