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By Cynthia J. Downs

The acute phase inflammatory response (hereafter inflammation) is an early innate immune response that is a general response to microbes. The inflammatory response is a suite of physiological and behavioral responses that include decreased body mass, fever, increased sickness behavior (e.g. decreased activity, piloerect fur, panting; Table 1), increased hematocrit, increased inflammatory cytokine levels, and increased spleen and liver masses (Bauss et al., 1987; Hart, 1988; Gabay and Kushner, 1999). An inflammatory response is initiated when a macrophage (a phagocytic cell that expresses receptors for many microbes) binds to an evolutionarily conserved molecule on a microbe. This triggers a cytokine cascade that recruits other immune cells to the place of infection and initiates the inflammatory response (Murphy et al., 2008).  Figure 1. Neutrophil in a sea of red blood cells


Inflammatory responses are commonly studied by exposing an individual to a nonpathogenic antigen, such as lipopolysaccharide (LPS) (Adelman and Martin, 2009). LPS is an endotoxin found on the cell wall of gram-negative bacteria, such as Escherichia coli, and its injection simulates the early stages of a bacterial infection. LPS cannot replicate within the host, so any changes in behavior or physiology observed are caused by the immune response independent of other pathogen-imposed effects (Elin and Wolff, 1976).

For this experiment, we will be using data collected from BKS.Cg mice. Data quantify sickness behavior and neutrophil counts from 22 mice challenged with LPS from Escherichia coli. Half the mice were challenged with 20 μg of LPS dissolved in 0.1 ml of vehicle (0.9% sodium chloride solution) and injected intraperitoneally (O'Connor et al., 2005); the other half received an equal volume of vehicle. Approximately 5 hours after injections, sickness behavior and circulating neutrophils (number of neutrophils in 100 white blood cells, Fig. 1) were quantified. 

The Institution Animal Care and Use Committee at Hamilton College approved the procedures for collecting these data (protocol # 16-E-3). 


How were your data collected: 
Behavior data were observed and recorded for each mouse every minute for 20 minutes. Behavior for sickness behavior was defined using the description in Table 1. Behavior scores were tallied and recorded at the end of the 20 minutes. 

Circulating neutrophils were quantified from blood smears. Two blood smears were made from blood from each mouse. One hundred leukocytes were counted on each slide and the number of those leukocytes that were neutrophils were recorded. The mean of the percent of neutrophils for the two smears is reported in the data. 

Statistics:
Data are available in the file “Data for inflammation in mice.” You will compare the neutrophil counts (% neutrophils) and sickness behavior data between treatment groups (LPS, sham) using separate t-tests; i.e., run one t-test for neutrophil count and one for sickness behavior scores. Statistics.laerd.com has a nice description of how to run an Independent T-test in SPSS at the following web address:

https://statistics.laerd.com/spss-tutorials/independent-t-test-using-spss-statistics.php

Important notes:
· The instructions for the statistics start below the advertisement under the heading "Example".
· The neutrophil data are percentages and do not fit the assumptions of a t-test. I have transformed these data using an arcsine transformation. Use the column labeled "trans_neutro" for the statistics you present in your results. For the table that you include in your paper, use the mean and standard deviations of the original percentage data. You will calculate these statistics. Indicate in the table title that statistics were performed on arcsine transformed data. Discuss the transformation in the methods section.
· You do not have to transform the sickness behavior score to extract the mean and standard error for the Excel graph from the SPSS output. 

Lab reports:
You will write a full lab report for the assignment. Make sure to include appropriate references in the introduction and discussion. Plot a bar graph of the mean (± S.E.) in sickness behavior for the two groups. Present the mean (± s.d.) % neutrophil data (non-transformed) by treatment group in a simple table; you can calculate these descriptive statistics in SPSS or Excel.






pg. 		Inflammation in mice - data
Table 1: Description and scoring of behaviors associated with sickness behavior. You will use these behaviors to quantify sickness behavior in your mice. Behaviors are listed by category. Negative values indicate 'active' behaviors while positive values indicate 'sickness' behaviors. Neutral behaviors (e.g., standing still) were not recorded or scored and are not on the list. We recorded all behaviors that each mouse performed, so a mouse could be assigned behaviors from more than one category during a single observation (e.g., a mouse could be assigned rearing and sniffing or lying down, partial piloerect, and pant) (Adapted from Downs et al., 2012).
	Behavior
	Point value
	Description of behavior

	Body position
	
	(A mouse could only exhibit one body position at a time.)

	Rearing 
	-2
	Mouse stands on hind legs with front legs in the air.

	Hunched
	1
	Mouse sits with its front paws either on the ground or tucked near its chest. The mouse's head is often hanging down, but its chest is off the ground.

	Sleep
	1
	Either the mouse is lying down with its eyes closed or it is lying down with its head tucked under its body (eyes cannot be seen). 

	Lie down
	2
	Mouse lies down with its belly and chest on the ground. Lying down was assigned a higher point value than sleeping, because preliminary trials suggested that sick mice were often lying down and not sleeping (their eyes were open). It also took longer for sick mice to fall asleep if they ever slept. 

	Sprawled
	3
	Mouse is lying down with its legs and feet extended away from its body. Preliminary trials suggested that extremely sick mice performed this behavior.

	
	
	

	Fur position
	
	(A mouse could only exhibit fur position at a time.)

	Partial piloerect
	2
	Some hair on the head, neck and back is erect, but not all.

	Complete piloerect 
	3
	Most hair on head, neck and back is erect.

	
	
	

	Activities
	
	(A mouse could only exhibit one ear trait at a time.)

	Climb
	-3
	Mouse's feet are off the floor of the cage, and they are hanging onto the lid of the cage.

	Dig
	-2
	Moving bedding with nose and feet.

	Groom
	-1
	Scratching, licking paws, chewing on fur.

	Explore
	-1
	Walking around the cage.

	Chew
	-1
	Chewing (cage top, bedding, feces).

	Sniff
	0
	Sniffing air or bedding. Can see the mouse's whiskers move as it inhales and exhales forcefully.

	Pant
	2
	Mouse is breathing quickly. Movement of the mouse's rib cage is rapid and obvious.

	
	
	

	Ear trait
	
	(A mouse could only exhibit one ear trait at a time.)

	Red ear
	2
	Veins on the mouse's ear are obviously redder than normal.

	Ear hemorrhage
	3
	Can see burst blood vessels in the mouse's ear (no mouse exhibited this behavior). This behavior was used as an indicator of extreme sickness. If a mouse exhibits this behavior, tell your instructor. 
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Fig 1. Hanna Sörensson, CC 2.0, the photo presented is a cropped version of the original.
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