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Neurophysiological principles are best illustrated using live animal tissue. Here we record 
Gromphadorhina portentosa leg sensory neuron action potentials using ADInstruments 26T 
Powerlabs. To begin, G. portentosa were anesthetized at -20°C for about 15 minutes followed by 
complete excision of a leg. The “Cockroach Sensory Nerve” experiment as outlined in LabTutor by 
ADInstruments provides easy to follow directions to four exercises. These exercises record and 
measure sensory neuron action potential intensity (amplitude) and generation (frequency). The first 
involves testing the effects of different stimuli, e.g. wind. The second exercise examines action 
potentials among different sensory spines while the third tests how changing the angle of deflection 
alters the activity. Finally, the fourth investigates the adaptive abilities of sensory spines. Together, 
these exercises familiarize students with sensory organ functions, key neuroscience concepts, and 
specialized instrumentation. 
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Introduction 
 

The use of invertebrates in the laboratory 
has several advantages. Not only are cockroaches 
inexpensive to purchase and maintain but they also 
reproduce rapidly with most colonies lasting for 
years. As well established model organisms, 
cockroaches are not under the purview of institutional 
and federal regulatory bodies. The larger size of the 
Gromphadorhina portentosa (Giant Madagascar 
Hissing Cockroach) makes for easier dissections and 
experimentation. Microscopes are not required to 
manipulate and record from G. portentosa sensory 
spines (tactile sensilla). Finally numerous types of 
studies can be done using G. portentosa, including 
anatomical, biochemical, neurobiological, genetic, 
behavioral, and respiratory (Sossa 2014); making this 
organism attractive for course-embedded independent 
projects and actual neuroscience research. 

Cockroaches, like many other invertebrates, 
receive stimuli through sensory organs (Moyes and 
Schulte 2016). These organs contain specialized 

neurons that receive stimuli via various types of 
receptors including mechanoreceptors and 
neurotransmitter receptors. External or environmental 
stimuli are converted into electrical impulses (or 
action potentials) and transmitted to other neurons 
within the nervous system of the cockroach by way 
of chemical signals or neurotransmitters. For 
example, sensory spines contain sensory neurons 
housing mechanoreceptors which upon activation 
lead to the generation of action potentials. This 
electrical signal is translated into a chemical signal 
when it arrives at the axon terminal of the sensory 
neuron. The chemical signal impinges on neurons in 
the ventral nerve cord of the cockroach. Here we will 
not concern ourselves with the chemical signal, 
instead we will only examine certain properties of the 
electrical impulse. 

Action potentials or electrical impulses are 
initiated when sensory receptors located on dendrites 
of sensory neurons are activated by external stimuli 
(Moyes and Schulte 2016). Conformational changes 
within the sensory receptor, a mechanosensor in this 
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case, results in depolarization of the sensory neuron. 
If the depolarization (increase in positive charge 
within the neuron) supersedes threshold then an 
action potential begins to be propagated down the 
axon of the sensory neuron. The action potential has 
measureable properties including amplitude 
(magnitude or intensity) and frequency (number of 
events per unit time). The axons of sensory neurons 
carry sensory information to the thoracic ganglion, a 
portion of the ventral nerve cord. Our exercise will 
examine the stimuli that result in action potentials, 
the amplitude and frequency of those action 
potentials, and desensitization of action potentials.          

Students benefit from these types of 
experiments in many ways. Not only do they obtain 
first-hand experience with complex neurobiological 
principles but they also learn valuable laboratory 
techniques. Students will (re)discover abstract 
concepts like membrane potential and 
mechanoreception. They will especially explore the 
neurobiology of afferent and efferent signaling and 
sensory information processing. These skills, as 
students will realize, may be a ticket into a career in 
neuroscience research or other biomedically relevant 
jobs.   
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Student Outline 
 

The Lab Tutor® Student Handout from ADInstruments can found in Appendix A and the 
Lab Tutor® Cockroach Sensory Nerve Pre- Laboratory Quiz in Appendix B.  
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Materials 
 
 The instructor will need a computer and a 

projector for presentation of Powerpoint slides (see 
Link to Supplemental Materials). Also necessary is 
access to ADInstruments 26T Powerlabs and 
LabTutor software. 

 
Notes for the Instructor 

 
Cockroaches, microhooks and an equipment 

list, plus references and troubleshooting are detailed 
in Appendix C: Lab Tutor® Cockroach Sensory 
Instructor’s Reference. Also included is the answer 
sheet to the laboratory pre-quiz and the answers for 
the lab report.  

Studying neuron action potentials will not 
only teach biological content but will also teach 
important laboratory techniques. These exercises will 
reinforce computational and written skills. And 
students will gain from the collaborative or group 
work needed to complete these experiments 
(although more ambitious students may choose to 
complete the exercise without assistance). 

These exercises are designed for students at 
all levels. Instructors will find that they may tailor 
these exercises to fit their needs and may choose to 
use them for inquiry-based labs where students are 
more independent or use them in a more instructional 
setting where students are led step by step. However, 
an introduction to LabTutor is recommended as 
understanding how to use the analytical tools in 
LabTutor is crucial to completing the exercises. 
ADInstrument offers several useful products such as 
LabAuthor which makes customizing experiments 
and inquiry-based learning more accessible to the 
instructor. 
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Appendix A 
Lab Tutor® Cockroach Sensory Nerve, Student Handout  
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Appendix B 
Lab Tutor® Cockroach Sensory Nerve Student Handout, Pre-Laboratory Quiz 

 
Pre-Laboratory Quiz 
1. Sensory receptors detect changes, called ________, which occur inside and outside the 
body. 
 A. melanin 
 B. skin 
 C. motor 
 D. stimuli 
2. Neurons that conduct impulses from the receptors to the central nervous system are 
called: 
 A. motor neurons. 
 B. efferent neurons. 
 C. interneurons. 
 D. sensory neurons. 
3. All of the following are functions of the nervous system except: 
 A. Sense changes in the environment. 
 B. Analyze changes in the environment. 
 C. Store calcium from the environment. 
 D. Respond to changes in the environment. 
4. The different charge between the outside and the inside of a neuron at rest is called: 
 A. action potential. 
 B. synaptic potential. 
 C. resting membrane potential. 
 D. equilibrium potential. 
5. Before an action potential is generated the cell must reach its: 
 A. polarization. 
 B. repolarization. 
 C. threshold.  
 D. the resting period. 
6. How does the nervous system send and receive messages? 
 A. It uses electrical impulses. 
 B. It uses chemicals. 
 C. It uses both electrical impulses and chemicals.  
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Appendix C 
Lab Tutor® Cockroach Sensory, Instructor’s Reference  
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