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Abstract 

The present study examined the relationship between learned helplessness and immune function 

via a gregarine-infected Madagascar hissing cockroach model. By conducting a pre-test with a 

shocking apparatus that either exposed a group of cockroaches to an inescapable or escapable 

shock as a negative stimulus, the inescapable shock (IES) group was taught learned helplessness 

and the escapable shock (ES) group maintained their self-efficacy. After this priming, the groups 

were treated with Metronidazole, and their immune function was assessed on mass changes, 

digestion behavior, and oocyst excretion over the course of the experiment. There were 

significant mass change differences between the IES and ES groups, but neither exhibited 

significant differences from the control group that was not primed with a shocking procedure. 

Data collected on digestion behavior and oocyst excretion indicate the possibility of a 

relationship between learned helplessness and immune function, but the results were not definite 

nor significant. Future research regarding this relationship should be further examined with a few 

procedural and technical changes to allow for more comprehensive data to be collected and 

analyzed.  

 Keywords: Madagascar hissing cockroaches, learned helplessness, immune function, 

gregarine parasites 
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Learned Helplessness and Immune Function: The Effect of Learned Helplessness on 

Immune Function in a Gregarine-Infected Madagascar Hissing Cockroach Model 

 The immune system is an incredibly complex feature of many organisms that is 

responsible for protecting the body from destructive pathogens through a variety of cells, 

proteins, and mechanisms. Its proper maintenance and function are dependent on a variety of 

factors, but one element that has a unique relationship with the immune system is stress. Stress 

acts on the body and the immune system in three distinctive ways either as an immunoprotective, 

immunopathological, or immunoregulatory factor depending on the duration and intensity of 

stress (Dhabhar, 2009). Most instances involving acute stress responses, excluding allergen 

exposure, have evolutionary advantages as stress has an immunoprotective role; however, 

chronic stress that is often a facet of several mood and anxiety disorders involves stress acting as 

an immunopathological agent (Dhabhar, 2009). While these connections may seem somewhat 

intuitive, it highlights the role that psychological well-being has on immune function and thus 

emphasizes the need to look at medical maintenance and interventions through a holistic 

approach. 

 Psychological well-being, although seemingly abstract, has clear physiological 

implications that influence the stress and subsequent immune response that an organism 

experiences. A variety of psychological sets and mechanisms interact with the endocrine and 

immune systems through the hypothalamic-pituitary-adrenal (HPA) axis (Dhabhar, 2009). One 

pertinent psychological factor that impacts immune function and treatment efficacy is learned 

helplessness and its corresponding depressive outlook (Eisenstein, 1997). Learned helplessness is 

when an organism learns that a certain negative stimulus is inescapable, and it suffers from a 

sense of powerlessness that causes it to succumb to the negative influence (Eisenstein, 1997). 
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Learned helplessness has definitive connections to mood disorders, particularly depression, and 

pessimism (Dhabhar, 2009). Links between learned helplessness and immune dysfunction were 

found with a groundbreaking study done by Visintainer, Volpicelli, and Seligman in the early 

1980s. After using an inescapable shock as a negative stimulus to teach a group of rats to be 

helpless, an injection of cancerous cells was introduced to the body (Visintainer et al., 1982). 

The results of tumor rejection rates in this group of rats were compared to another group of rats 

that had received an escapable shock as a negative stimulus. From this study, it was concluded 

that learned helplessness was negatively correlated with tumor rejection; thus, because the rats 

had learned to be helpless, they were less capable of rejecting the cancerous tumors than those 

who were not taught to be helpless with the escapable stimulus (Visintainer et al., 1982). This 

model of study has since been used to further investigate the connections between learned 

helplessness and immune function in a variety of species. In the following study, the relationship 

between learned helplessness and immune function will be examined using a parasite-host model 

of gregarine-infected Madagascar hissing cockroaches and an external stressor.  

Related to ciliates and dinoflagellates, the phylum Apicomplexa is a diverse group of 

parasitic protists (Maréchal & Cesbron-Delauw, 2001). In this group, notable pathogens that 

have major health implications in animals and humans are Plasmodium, Toxoplasma gondii, and 

Cryptosporidium (Maréchal & Cesbron-Delauw, 2001). Plasmodium is the malaria causing 

pathogen that is considered by the World Health Organization as one of the top three killers in 

the world, and Toxoplasma gondii and Cryptosporidium are also destructive pathogens in 

immunocompromised hosts (Maréchal & Cesbron-Delauw, 2001). These pathogens have 

complex intracellular structures and functions that increase their rates of reproduction and 

survival. Like Plasmodium, gregarines are protozoan parasites that belong to the Apicomplexan 
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phylum and have similar implications in medical and ecological contexts (Maréchal & Cesbron-

Delauw, 2001). Gregarines are highly infectious parasites, and their hosts are usually restricted to 

a singular species (Clopton, 1995). Plasmodium and gregarines have clear similarities given their 

shared phylum, but gregarines are not lethal in their hosts (Lopes & Alves, 2005). Instead, 

gregarines have implications related to diet, movement, fertility, and longevity in the host 

organism as the parasites fill their digestive tract (Lopes & Alves, 2005). Gregarine infections 

were first observed in the Madagascar hissing cockroach, Gromphadorhina portentosa (Clopton, 

1995).  

Because of this similarity between gregarines and Plasmodium, as well as the non-lethal 

effects of gregarines on their hosts, several researchers have maintained parasite-host systems 

that include gregarine-infected Madagascar hissing cockroaches. These parasite-host systems are 

useful for better understanding the effects of the parasite on its host as well as developing 

effective antimicrobials that may eliminate the gregarine infections (Baldwin, 2012). 

Furthermore, by understanding and better treating gregarine infections in these parasite-host 

systems, implications for treatment of malaria in humans may be able to be drawn from 

information collected in these systems (Johny et al., 2007a). Research on the effects of 

antimicrobials is becoming more important over time as antibiotic resistance is on the rise in the 

modern world. 

Research on antimicrobial efficacy in these types of parasite-host systems has included a 

variety of treatment options, but the one that has proven significant in several studies is 

Metronidazole (Johny et al., 2007b; Trout & Clopton, 2012; Clopton & Smith, 2002). 

Metronidazole is a benzimidazole that is known for its efficacy in acting against protozoan 

activity (Johny et al., 2007b). The antimicrobial is inactive upon initial injection into the 
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organism, and it enters the cells via passive diffusion (Johny et al., 2007b). Then, the treatment is 

activated via electron transfer from ferredoxin to its nitro group, which creates an immediate 

therapeutic response (Johny et al., 2007b). Many studies compare dosage amounts of 

Metronidazole treatments, lengths of treatment procedures, and/or behavioral changes in the 

cockroaches during the treatment period (Johny et al., 2007b; Trout & Clopton, 2012; Clopton & 

Smith, 2002). Metronidazole will be used in the following study as a treatment option; however, 

Metronidazole itself will not be the variable of question in treatment efficacy as previously 

noted.  

In the following study, a connection between learned helplessness and its effect on the 

treatment of gregarine infections in Madagascar hissing cockroaches with Metronidazole will be 

explored. It is predicted, based on Visintainer et al.’s (1982) research, that the cockroaches that 

have been taught to be helpless via a shocking pre-test will have fewer gregarine parasites 

removed from their body upon treatment with Metronidazole. Treatment efficacy will be 

measured by evaluating mass changes over the course of the experiment as well as comparing 

levels of food ingestion, feces production, and oocyst excretion between the groups. 

Methods and Materials 

 This experiment was divided into two procedures over the course of eight days. Three 

groups of 15 Madagascar hissing cockroaches infected with gregarine parasites were formed 

from the parasite-host system that Professor Baldwin maintains. Five cockroaches from each of 

the three tanks were randomly chosen for each group based on having a similar size and weight. 

The cockroaches were housed individually in 3.5 in. x 3.5 in. x 1 in. plastic containers with holes 

poked in the lids. These containers were then taped shut and placed in glass aquariums with lids 

to ensure that the cockroaches would not escape. The cockroaches were fed Purina dog food and 
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water during the first procedure, and they were fed lettuce and orange-carrot juice during the 

second procedure. The cockroaches were massed each day of the entire experiment using a pan 

balance. 

The first part of the procedure was based on an experiment and apparatus designed by 

Gary E. Brown et al. (1994). The apparatus allows for two cockroaches to experience either an 

escapable shock or an inescapable shock during the same time interval. The apparatus was 

constructed using 12 in. x 12 in. plexiglass sheets to form a box with a removable lid. A resistive 

grid sheet was placed across the entire bottom of the box. Two 1.5 in. x 1.5 in. pieces of copper 

plating were placed on top of the resistive sheet in the two corners where electrodes were taped 

down. Using a variable power supply, two 5 Ohm resistors, and a switch that is activated when 

the removable lid is placed on top of the apparatus, current was delivered across the resistive 

sheet. Within this box, two of the 3.5 in. x 3.5 in. x 1 in. containers without their lids were 

inverted and placed in the middle of the box. Each of these containers were weighed down by a 

40 g bag of aquarium rocks to minimize cockroach escapes. One of the containers had a slit cut 

into it, and a 1.5 in. x 2.5 in. piece of plastic was inserted into the slit to act as a platform.  

For the first procedure, one cockroach from the escapable shock (ES) group was placed 

under the plastic container with the platform. One cockroach from the inescapable shock (IES) 

group was placed under the plastic container without the platform. One cockroach from the 

control group remained in its individual housing and was placed outside the apparatus. The 

variable power supply and multimeter were turned on and calibrated to an average voltage of 7.2 

V. The lid was placed on the switch to activate the apparatus and distribute an average current of 

0.72 A across the bottom of the box. The apparatus was turned on and off in thirty second 

intervals for a total of twenty-five trials. The entire procedure was filmed and repeated for each 
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cockroach in the three groups. If a cockroach escaped its container, it was returned to the 

container during the next turned-off interval. This entire procedure was repeated for three days. 

The second procedure involved treating the cockroaches with Metronidazole. The course 

of treatment was over five days, and each cockroach received a dosage of 100 mg/kg. To 

distribute the medicine, the Metronidazole was mixed with pre-made, standard Ringer’s 

Solution. Then, 22.5 μL of this solution was mixed with 7.5 μL of orange-carrot juice to make an 

individual dose of 30 μL for each cockroach. All the cockroaches were given the 30 μL of 

solution on a 0.5 in. x 0.5 in. piece of romaine lettuce each day for the five days. The 

cockroaches’ feces were collected and later analyzed under a dissecting microscope to identify 

how many oocysts were excreted each day.   

To determine if there is a significant relationship between learned helplessness and 

treatment efficacy, two analyses were performed using Minitab 19. A General Linear Model 

ANOVA was performed to identify significant changes in mass dependent on day within each 

group. A one-way ANOVA was performed to identify significant differences in mass changes 

between the groups during the course of the experiment. These changes can be indicative of 

treatment efficacy in the assumption that a lower mass means a lower parasite count. Food eaten, 

number of fecal pellets produced, and number of oocysts excreted each day of the second 

procedure by the roaches were also examined. If there are significant changes over the course of 

the experiment and treatment regarding these factors, it can be determined whether learned 

helplessness and immune function in gregarine-infected Madagascar hissing cockroaches are 

correlated. 

Results 
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 Three individual General Linear Model ANOVAs were performed for each group in the 

experiment. These analyses were performed to identify significant mass changes over the course 

of the experiment dependent on the day. The following are the results from each analysis: 

Figure 1 

A General Linear Model ANOVA of the Mass Changes of the Inescapable Shock (IES) Group. 

 

Figure 2 

A General Linear Model ANOVA of the Mass Changes of the Escapable Shock (ES) Group.  
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Figure 3 

A General Linear Model ANOVA of the Mass Changes of the Control Group. 

 

There were no significant mass changes in any of the groups that were dependent on the 

day of the experiment. Using a repeated measure analysis over the course of the experiment 

ensures that the mass changes that did occur were a result of the different experimental 

conditions each group experienced prior to treatment. To analyze these changes, a One-Way 

ANOVA analysis was performed. The following figure represents the results: 

Figure 4 

One-Way ANOVA of Change in Mass by Shock Priming. 
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 In this One-Way ANOVA analysis, Treatment 1 is the Inescapable Shock (IES) Group, 

Treatment 2 is the Escapable Shock (ES) Group, and Treatment 3 is the Control Group. From 

this analysis, it is clear that there were significant differences in mass change between the two 

experimental groups, but neither had significant differences from the control group.  

Finally, summations of food eaten, fecal pellets produced, and oocysts excreted over the 

course of the Metronidazole treatment procedure were compared between experimental groups. 

With this data, changes in digestive behavior that may be indicative of alterations in parasitic 

load may be observed. The following table depicts these findings: 

Figure 5 

Summations of Pieces of Lettuce Eaten, Fecal Pellets Produced, and Oocysts Excreted through 

the Second Procedure  

Group Pieces of Lettuce 

Eaten 

Fecal Pellets 

Produced 

Oocysts Excreted 

Inescapable Shock 48 27 30 

Escapable Shock 35 46 69 

Control 35 30 32 

 

 Despite ingesting the greatest amount of food, and therefore Metronidazole, the IES 

group produced the least amount of feces and oocysts over the course of treatment. The ES and 

Control groups ate the same amount of lettuce, but the ES group produced a greater amount of 

fecal matter and oocysts.  

Discussion 
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 As noted by the results from the One-Way ANOVA analysis, there were significant 

differences in mass changes between the two experimental groups. On average, the ES group lost 

the most mass compared to the IES group and the control group. The IES group lost the least 

amount of mass. However, neither the ES nor the IES groups had significant differences in mass 

change from the control group which had an average mass change between the experimental 

groups. With these results, it is difficult to determine the influence the shocking procedure had 

on immune function and consequential treatment efficacy.  

 Prior to the start of the experiment, it was hypothesized that the group that had the 

greatest amount of mass loss through the course of the treatment would have the best immune 

function and treatment efficacy. It was assumed that with mass being lost over the course of the 

treatment, it meant that the immune system was working properly and allowing the 

Metronidazole to decrease the parasitic load. It was hypothesized that the ES group would lose 

the most mass given that they were not taught learned helplessness. While this group did lose the 

greatest amount of mass, there was not a significant difference from the control group that did 

not experience any shock. So, although the ES group followed the expected pattern, it is not 

significantly different enough from the control group to draw conclusions regarding the shocking 

pre-test’s influence on immune function and treatment efficacy. 

On the other hand, it could also be assumed that the group that had the least amount of 

mass lost through the course of the treatment would have the best immune function. This theory 

suggests that the cockroaches would maintain or gain mass as a result of the removal of the 

parasites because the parasites absorb important nutrients the cockroaches could otherwise use. 

With this theory, it would be expected that the ES group would have lost the least amount of 

mass; however, that is not supported by the data. Furthermore, there is also a lack of significant 
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difference between the IES group and the control group. This inadequacy, again, makes it 

impossible to draw definite conclusions regarding the pre-test’s influence on immune function 

and treatment efficacy. The lack of significant relationships drawn from the data collection and 

analysis exemplifies just one of the several limitations of this experiment. 

 There are a few key limitations in this study that impede upon the ability to draw clear, 

concrete conclusions about learned helplessness’ impact on immune function and treatment 

efficacy. The data used to determine if there was a significant relationship between learned 

helplessness and immune dysfunction were mass changes. As noted previously, using this 

measurement can imply two very different conclusions about how mass should change from 

being taught learned helplessness. Because there is a lack of resources and technology to 

examine more intricate biomarkers for immune function, it was determined that looking at the 

amount of food and treatment eaten, analyzing feces samples, and quantifying oocyst excretion 

would be the best alternative for examining impacts on immune function.  

From the summations of food eaten, feces produced, and oocysts excreted, there are some 

general patterns that can be recognized between the groups. It seems that despite the IES group 

eating the most food and ingesting the most Metronidazole, they produced the least amount of 

fecal matter and oocysts. This pattern may provide evidence for the hypothesis that the shocking 

pre-test decreased the cockroaches’ ability to eliminate the parasites from their bodies. The ES 

group ate the same amount of food and treatment as the control group but produced much greater 

levels of feces production and oocyst excretion. This could be proof that by maintaining self-

efficacy through the shocking pre-test, the ES group was able to maintain or improve their 

immune function. The differences between the IES and ES group follow the expected pattern 

that the ES group would have a better immune response and higher treatment efficacy as noted 



LEARNED HELPLESSNESS AND IMMUNE FUNCTION     14 

 

by their increase in fecal production and oocyst excretion. However, although this data may 

suggest these patterns and relationships, there is not significant statistical evidence to support 

these conclusions because the data collected was sparse. This experiment was limited because 

the treatment procedure was restricted to a five day interval. If data regarding mass changes and 

oocyst excretion had been collected over a longer period of time, there may have been greater 

opportunity to see clear, significant patterns in mass changes and oocyst excretion that could be 

indicative of immune function changes. 

 For future research implications, it would be best to reexamine the relationship between 

learned helplessness and immune function by making procedural and technical changes to this 

study. It would be most beneficial to use a longer treatment interval to collect more data 

regarding mass changes, digestive behavior, and oocyst excretion. With more data, there is a 

greater chance of finding statistically significant relationships from the experiment. Beyond this 

procedural change, it could be useful to make changes to the apparatus used to teach learned 

helplessness. It could be a more effective teaching model if the average current the cockroaches 

experience during the pre-test was increased. Although there are multiple examples of a foot-

shocking apparatus and pre-test being used to teach learned helplessness in different species, 

there may be confounding implications of using a shock treatment that interferes with cellular 

function. Essentially, the shock itself may be responsible for impeding upon immune function 

rather than being taught learned helplessness. Instead, it could be beneficial to use light or 

temperature to create and expose the cockroaches to an inescapable or escapable negative 

stimulus. Finally, it may be wise to house the cockroaches differently as their individual housing 

arrangements in this experiment may have acted as a confounding variable responsible for mass 

loss across all the groups. 
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 Overall, the data collected from this experiment did not result in significant evidence for 

learned helplessness impacting immune function in gregarine-infected Madagascar hissing 

cockroaches. There was some evidence and patterns that suggested that the shocking pre-test 

shaped mass changes, digestive behavior, and oocyst excretion in the cockroaches, but these 

patterns are inconclusive. Further research regarding this relationship should continue to be 

examined with procedural and technical changes to the methods and materials used in this study.  
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