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Abstract

Pain is significantly impacted by the rising epidemic of obesity and metabolic syndrome. Our 

understanding of how these features impact pain is only beginning to be developed. Here, we 

investigated how small genetic differences among C57BL/6 mice from two different commercial 

vendors leads to important differences in the development of high-fat diet-induced mechanical 

sensitivity. Two sub strains of C57BL/6 mice from Jackson laboratories (C57BL/6J and C57BL/

6NIH), as well as C57BL/6 from Charles Rivers (C57BL/6CR) were placed on high-fat diets and 

analyzed for changes in metabolic features influenced by high-fat diet and obesity, as well as 

measures of pain related behaviors. All three substrains responded to the high-fat diet, however 

C57BL/6CR mice had the highest weights, fat mass, and impaired glucose tolerance of the three 

substrains. In addition, the C57BL/6CR mice were the only strain to develop significant 

mechanical sensitivity over the course of 8 weeks. Importantly, the C57BL/6J mice were protected 

from mechanical sensitivity, which may be based on increased physical activity compared to the 

other two substrains. These findings suggest that activity may play a powerful role in protecting 

metabolic changes associated with a high-fat diet and these may also be protective in pain 

associated changes as a result of a high-fat diet. These findings also emphasize the importance of 

selection and transparency in choosing C57BL/6 substrains in pain-related research.
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Introduction

Obesity and metabolic syndrome are increasing in an alarming fashion worldwide, and 

increasing attention is being paid to the strong relationship between obesity, metabolic 

syndrome and pain19. This growing correlation of obesity and pain has been investigated 

using numerous animal models, many utilizing differing strains of animals, diets, and 

obesity phenotypes, and it’s clear that the genetic component underlying pain is a key 

contributor. Animal studies have identified important differences in pain associated with 

different strains of rodents20. However, there remains a significant gap in our knowledge 

related to the interplay of obesity, insulin resistance, metabolic syndrome, and pain, and 

there remains a lack of animal models in which to explore this important problem. These 

features are key to understanding how this important health change in our communities will 

impact the treatment of pain13.

Three widely-used strains of C57BL/6 mice utilized in many basic research studies include 

the C57BL/6J mouse (J) from Jackson Laboratory, the C57BL/6NJ (NJ) from Jackson 

Laboratory, and the C57BL/6 mouse from Charles River (CR). Because of their heavy 

usage, new information has emerged related to variations between substrains of C57BL/6 

mice, which may affect outcomes utilizing them6, 12, 27. One important mutation among the 

C57BL/6 substrains is the mutation within nicotinamide nucleotide transhydrogenase 

(NNT), a mitochondrial protein which strongly influences glucose metabolism, insulin 

secretion, and mitochondrial function. The NNT mutation is only found in C57BL/6J (J) 

mice at Jackson Laboratories and not within C57BL/6 NJ mice from Jackson Laboratories or 

C57BL/6 CR mice from Charles River 7, 26, 2927.

Consumption of various high-fat diets to induce prediabetes and metabolic syndrome in 

rodent models leads to reliable phenotypic changes that similarly occur in humans 
5, 8, 10, 22, 24. Different strains of mice are known to develop individualized characteristics of 

small fiber function, including allodynia or hyperalgesia to mechanical and thermal stimuli. 

These known and unknown genetic differences likely contribute to current problems with 

reproducibility and rigor associated with key phenotypic differences that alter peripheral 

nerve sensitivity 1, 4, 5, 8, 24.

Prior research has shown that feeding C57BL/6 CR mice a high-fat diet for 12 weeks 

induces significant mechanical sensitivity following 8 weeks of diet alteration 5, 8. However, 

this was not consistent with other studies in which C57BL/6J mice fed a high-fat diet will 

sometimes develop mechanical allodynia and will demonstrate thermal hypoalgesia 22, 23, 30. 

Though less often utilized, the NJ mouse has shown alterations in nociceptive measures in 

response to a high-fat diet as well21. Beyond alterations in behavioral sensitivity measures, 

the two studies reported discrepancies in large fiber function related to conduction velocity. 

High-fat fed C57BL/6 J mice also develop slowed motor and sensory nerve conduction 

speeds 22; while high-fat fed C57BL/6 CR mice on high-fat diets only develop altered motor 

nerve conduction velocities 9.
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The current study identifies key differences within three popular C57BL/6 sub-strains, and 

examines alterations in behavioral physiological, and anatomical changes in the peripheral 

nervous system displayed by these mice. C57BL/6J mice are unique from other strains in 

their mechanical sensitivity, physical activity, glucose tolerance, and other measures of 

metabolic syndrome compared to C57BL/6 CR or C57BL/6 NJ mice, suggesting 

importantly, that C57BL/6 sub-strain is a criterion in understanding the relationship of 

metabolic status and pain. The ability to build a scientific consensus about the role of obesity 

and metabolic syndrome outcomes, will prove difficult until we better understand the 

variable phenotypic and genetic features that regulate pain. This information will also 

improve rigor and reproducibility, leading to better models in which to predict drug and 

lifestyle interventions to treat pain.

Methods

Diet and Animals

Seven-week old male C57BL/6 #027 mice were purchased from Charles River (Wilmington, 

Mass), C57BL/6J and C57BL/6NJ mice were purchased from Jackson Laboratory’s (Bar 

Harbor, ME) and maintained in pair housed cages on a 12:12h light/dark cycle in the 

research support facility at the University of Kansas Medical Center. All mice were given ad 

libitum access to food and water and were fed either a standard chow diet (8604; Envigo, 

Madison Wisconsin; 14% kcals from fat, 32% protein, and 54% carbohydrate) or a high-fat 

diet (07011; Envigo; 54% kcals from vegetable shortening (hydrogenated) and corn oil fat, 

21% protein and 24% carbohydrate).

Daily food intake was measured by monitoring the weight of the remaining food after an 

initial food bolus. New food boluses were given every 3–4 days. Energy intake was 

calculated by

Intake per day =
Initial Weight o f Food Final Weight o f Food

# o f Days Between Feedings

Standard diet energy was calculated by multiplying the intake per day by 3.0kcal/g, high-fat 

diet energy was calculated by multiplying intake per day by 4.9kcal/g. The combined mean 

energy intake from each mouse was used to calculate the group means.

Animals were fed the standard diet through all baseline testing. After baseline behavioral 

testing was complete, animals were separated and the groups were given different diets. All 

animals were 8 weeks of age at the start of diet. All animal use was in accordance with NIH 

guidelines and conformed to the principles specified in a protocol approved by the 

University of Kansas Medical Center Institutional Animal Care and Use Committee.

Blood Measurements

Animal weight and blood glucose (glucose diagnostic reagents; Sigma, St. Louis, MO) was 

measured bi-weekly after a 3 hour fast as previously described 8. Additionally, at the time of 

sacrifice following a 3 hour fast, blood was drawn from the chest cavity and allowed to clot 
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for 30 min on ice, then spun at 3,000g for 30 min at 4 °C and serum drawn off and frozen at 

−80 °C until insulin was analyzed from this sample.

After 7 weeks, an intraperitoneal glucose tolerance test (IPGTT) was performed after a 6 

hour fast. Animals were given 1g glucose/kg body weight. Blood glucose levels were 

measured via tail clip immediately before glucose injection, and 15, 30, 60, and 120 minutes 

thereafter.

Body Composition

Body composition to assess fat mass was measured by MRI using the EchoMRI-100 

(EchoMRI, Houston, TX). Fat mass and lean mass composition was determined biweekly 

from baseline testing until sacrifice at the completion of 8 weeks of diet.

Metabolic Testing

A metabolic monitoring system (Promethion, Sable Systems Int., Las Vegas, NV) measuring 

oxygen consumption, carbon dioxide production, and a multi-dimensional infrared beam 

break system was employed to assess the activity (meters traveled), energy intake (kcal 

consumed), total energy expenditure (TEE) and respiratory quotient (RQ) over a 48-hr 

period, 4–6 weeks after implementation of diet. Animals were singly housed in the 

metabolic chamber system and allowed to acclimate to the chamber environment for two 

days prior to data collection. Data were analyzed as two 12-hour cycle averages (12 hours 

ambient light [07:00–19:00] and 12 hours of dark [19:00–07:00]) and were calculated per 

animal; these light and dark averages were then used to calculate group means.

Sensory Behavior Testing

Behavior testing to assess signs of diet-induced sensitivity was carried out at baseline and 

biweekly time points. For all behavioral tests, animals were allowed to acclimate to the 

testing equipment in two separate sessions prior to the initial testing day. Before each 

behavior test, animals were allowed to acclimate to the behavior testing room for 30 minutes 

followed by a 30-minute acclimation to the testing equipment.

Mechanical Sensitivity

Mice were placed in individual clear plastic cages on a wire mesh table 55 cm above the 

table. Von Frey monofilaments (0.07–4.0g) were applied perpendicularly to the plantar 

surface of the hind paw until the filament bent. Testing began with the 0.6g filament. If the 

animals withdrew their paw, it was counted as a positive withdrawal and the next lowest 

filament was applied. If the animal did not respond, the next larger filament was applied. 

Filaments were applied until there was an initial change in response followed by four 

additional filament applications. The 50% withdrawal threshold was calculated using the 

formula from the up-down method previously described3.

Thermal Sensitivity

Mice were placed in individual clear plastic cages on a Hargreaves’s apparatus and a 4.0 V 

radiant heat source was applied three times to the hind paw. Time elapsed for each animal to 

withdraw the hind paw was counted as withdrawal latency (sec). Latencies from three 
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applications were used to calculate the mean latency per animal and mean latencies were 

combined to calculate group means.

Chemogenic Sensitivity

Mice were assessed for chemogenic nociception sensitivity as previously described 11. The 

amount of time devoted to the injected foot (licking and biting) was recorded in 5-minute 

intervals for 1 hour. Two windows of time, acute (Phase 1; 0–30 min post-injection) and 

inflammatory (Phase 2; 30–60 min post-injection) phases of the formalin test were 

examined.

Intraepidermal Nerve Fiber Density (IENFD)

Footpads were collected and processed using standardized protocols previously described 

for intraepidermal nerve fiber density 8.

Statistical Analysis

All data is presented as mean ± SEM. Data was analyzed using a one way ANOVA, two-

factor ANOVA, 3-factor ANOVA, or repeated measures ANOVA with post hoc comparisons 

analyzed using Fisher’s test of least square difference where appropriate. Statistical 

significance was defined as p <0.05 and statistics were run using GraphPad Prism 7.0 

(GraphPad Software Inc., La Jolla, CA), and SPSS24 (IBM,).

Results

Obesity and Prediabetes Associated Measures

All mouse strains had increased body mass following 3 weeks of a high-fat diet (J p<0.01, 

NJ p<0.05, CR p<0.01) (ANOVA p<0.0001) (Fig. 1a). All strains displayed increases in fat 

mass following just 1 week of a high-fat diet (p<0.0001) relative to control-fed mice 

(ANOVA p=0.022) (Fig. 1b). Throughout the study high-fat fed mice display slightly 

increased blood glucose; however all failed to reach overt hyperglycemia (>200mg/dl 

glucose) (ANOVA p=0.027) (Fig. 1c). Of the high-fat fed strains, C57BL/6NJ and 

C57BL/6CR mice displayed a larger increase in body mass as compared to C57BL/6J mice 

(NJ p<0.001; CR p<0.0001). C57BL/6NJ mice were larger than C57BL/6J and C57BL/6CR 

mice on a control diet throughout the study suggesting these mice are larger at the same 

relative age. At 8 weeks all high-fat fed mice had significantly more body mass than their 

control-fed counterparts (Fig. 1d). At 8 weeks all strains displayed increased fat mass 

compared to control-fed mice (p<0.0001), though C57BL/6CR mice display the greatest 

increase relative to control-fed mice (Fig. 1e). At 8 weeks, all strains displayed slightly 

increased blood glucose in fat-fed mice (J p<0.01; NJ p<0.05; CR p<0.01) (Fig. 1f).

Glucose Tolerance and Insulin Measures

Both high-fat C57BL/6CR and C57BL/6NJ mice developed glucose intolerance relative to 

their control-fed counterparts (p<0.0001), where as C57BL/6J mice did not develop glucose 

intolerance following 6 weeks of high-fat feeding (Fig. 2a, b, c). All strains displayed 
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increased fasting insulin compared to control-fed mice (J p<0.05; NJ p<0.01; CR p<0.0001) 

(Fig. 2d).

Metabolic Testing—All metabolic cage data was analyzed, as separate 12-hour light 

cycles to take in to affect the differences in activity mice will display during their primary 

sleep versus active times.

Activity Level—Both control and high-fat fed C57BL/6J mice have significantly increased 

activity levels during the dark cycle as compared to C57BL/6CR (p<0.001) and C57BL/6NJ 

strains (p<0.01) (Fig. 3a).

Energy Intake—No groups or strains showed any differences in energy intake during 

active dark cycle, though all control fed animals trend towards an increase in intake (Fig. 

3b).

Respiratory Quotient—Traditionally, utilization of a high-fat diet increases whole body 

lipid oxidation as seen by a respiratory quotient (RQ) near 0.7 (VCO2/VO2) 14. In all strains 

high-fat fed mice displayed a reduced RQ (dark cycle CR p<0.0001; J p<0.01; NJ p<0.001); 

while all control-fed mice showed a traditional mixed diet RQ of ~0.8 (Fig. 3c). The light 

cycle showed similar though non-significant alterations as expected due to the utilization of 

less fuel when sleeping, as only C57BL/6NJ animals show a significantly increased RQ in 

control-fed mice (p<0.05).

Energy Expenditure—Control-fed C57BL/6CR mice had reduced energy expenditure 

relative to control-fed C57BL/6J and C57BL/6NJ mice, likely due to reduced activity levels 

(Fig. 3d). Only high-fat fed C57BL/6CR mice had increased energy expenditure relative to 

control-fed mice.

Changes in Peripheral Sensation

Mechanical—High-fat fed C57BL/6CR mice developed mechanical sensitivity following 7 

weeks of diet (p<0.05) (Fig. 4a). There were no changes in mechanical threshold in 

C57BL/6J mice when fed a high-fat diet (Fig. 4b). While not significant, C57BL/6NJ 

animals also display a small decrease in mechanical threshold when fed a high-fat diet (Fig. 

4c).

Thermal—Following 7 weeks of a high-fat diet, no group or strain displayed changes in 

thermal sensitivity (Fig. 4d).

Chemogenic—C57BL/6CR high fat-fed mice displayed a larger phase 1 response to 

formalin injection compared to control-fed mice (p=0.0468) (Fig. 5a&c). No groups 

displayed any alterations in phase 2 of the formalin test (Fig. 5b). C57BL/6NJ and 

C57BL/6J mice showed no differences in response to formalin when fed a high fat diet (Fig. 

5d&e).
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IENFD

Control-fed C57BL/6NJ substrain display an increased epidermal fiber density relative to 

C57BL/6CR and C57BL/6J mice, reflecting a genetic difference in these mice in epidermal 

fiber density (Fig. 6a & 6b). None of the mouse strains displayed changes in epidermal fiber 

density after 8 weeks on a high fat diet (Fig. 6c, d, e).

Discussion

The increasing obesity epidemic mandates we understand how metabolic syndrome affects 

pain. As part of this, we need more information about key features that add variability to the 

role of obesity and metabolic syndrome to pain. The C57BL/6 mouse strain has become the 

most frequently used mouse in biomedical research, including studies of metabolic and high-

fat diet associated with pain. The present study reveals important difference between 

C57BL/6 substrains that impact pain, and illustrates the importance of selecting C57BL/6 

substrains to accurately model pain modulation in studies using these mice. These 

differences include variations in metabolic syndrome associated measures, physical activity, 

and mechanical sensitivity.

Our analysis of the 3 substrains of C57BL/6 mice revealed different responses in metabolic 

features to a high-fat diet. Throughout the study, C57BL/6CR and C57BL/6J mice displayed 

the greatest changes in metabolic measures. C57BL/6J mice experienced the mildest 

changes in metabolic syndrome measures, including the smallest increase in body weight, 

fat mass, glucose intolerance, and fasting insulin. Differences in glucose tolerance and 

insulin levels between C57BL/6CR and C57BL/6J may also be related to genetic differences 

between the two substrains. It is known that C57BL/6J mice harbor a mutation in the 

mitochondrial gene NNT7, 26. The NNT mutation in C57BL/6J mice leads to reduced insulin 

secretion and altered glucose metabolism26. It is plausible that reduced insulin secretion in 

C57BL/6 J mice due to the NNT mutation contributes through insulin-driven mechanisms 

(insulin secretion, insulin resistance, and glucose intolerance) to overall differences among 

the 3 strains.

Recent research in mice is now suggesting that the temperature in which mice are housed 

plays an important role in the severity of high-fat diet-induced metabolic syndrome28. This 

research suggests that mice housed at high temperatures (30–32°C, thermoneutrality) leads 

to greater obesity and metabolic consequences. For our studies, all mice were housed at 22 

C, and it is possible that different metabolic complications would be seen comparatively in 

the 3 substrains, including the C57BL/6J mice that had the mildest change to the high-fat 

diet. Additionally, our utilization of a 54% high-fat diet while being a slightly lower fat diet 

than some others who have utilized 60% diets, we anticipation this small alteration in fat 

does not have profound effects. A key difference from other diets is our diet was nota high 

sucrose ‘western’ diet as some have used before and future work should examine if this 

dietary difference alters sensitivity. Future studies should examine the effects of a high-fat 

diet while housing mice at thermoneutral temperatures to determine if the stratification of 

metabolic consequences remain among the 3 substrains persists.
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An additional important limitation of this work is we chose to utilize only male C57BL/6 

mice. Previous work by our groups and many others has shown the important and 

predictable changes in metabolic syndrome and nociception with a high-fat diet in male 

mice. Recent work has shown that female mice do show important differences in high-fat 

diet-induced changes in both obesity related measures and nociception. To better focus on 

only the differences caused by subtle alterations of this in-bred genetic strain, the effects of 

sex were not examined. Future work should be sure to examine differences with in strains of 

mice utilizing female animals to further understand key differences between sexes when 

utilizing diet-induced models of pain.

Physical activity plays a critically important role in metabolic syndrome and pain4. Reduced 

obesity and insulin resistance induced by a high-fat diet in C57BL/6J mice may be explained 

by variations in ambulatory activity levels. Increased activity powerfully reduces obesity and 

improves glucose tolerance, and insulin resistance. Despite relatively mild differences in 

activity among the 3 substrains, evidence suggests that even minimal alterations in 

ambulatory activity levels can drive significant changes in these measures15. The fact that 

C57BL/6J mice displayed significant elevations in their in-cage activity could explain their 

modest obesity in response to a high-fat diet, leading to downstream benefits in mechanical 

sensitivity. This is consistent with the data revealing that C57BL/6CR mice showed the 

lowest energy expenditure of the substrains examined, leading to greater storage of energy as 

fat, despite having similar energy intake as C57BL/6J and C57BL/6NJ mice. Alternatively, 

the increased activity may drive this behavioral modification by itself, as a number of studies 

in not obese animals reveal powerful benefits of exercise and activity on pain reduction4. 

Previous work from our lab has shown that physical activity is able to rescue high-fat diet-

induced mechanical sensitivity in C57BL/6CR mice independent of a improvements in 

obesity or glucose tolerance 5, 8. Here, we hypothesize that increased activity in C57BL/6J 

mice may suppress the development of mechanical sensitivity induced by a high-fat diet. 

Physical activity-induced analgesia can be mediated by mu-opioid and serotonin transporter 

modulation, thus the C57BL/6J mice, through their ambient activity levels may be 

modulating nociceptive responsiveness via increased central nervous system opiate 

signaling18.

A focal point of this study was to evaluate how a high-fat diet altered pain status of the 3 

substrains of mice. C57BL/6CR mice fed a high-fat diet developed consistent changes in 

mechanical and chemogenic sensitivity, including mechanical sensitivity and an elevated 

response in phase 1 to formalin, consistent with emerging studies on the role of a high-fat 

diet in pain modulation5, 8, 9. The lack of changes in nociceptive responses in C57BL/6J and 

C57BL/6NJ mice could be associated with similar lack of changes in obesity and metabolic 

measures. This feature is important as it suggests that studies be aware of this variation and 

design experiments that account for these substrain differences, including diet choice and 

temperature-controlled rooms that achieve thermal neutrality.

Increased inflammation is an important mechanism associated with metabolic syndrome, 

and changes in systemic inflammation likely play a role in the current study. A high-fat diet 

leads to increased pro-inflammatory signaling throughout the body, which then heightens 

inflammatory-related changes including chemogenic sensitivity2, 31. The reduced fat mass, 
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and metabolic syndrome observed in C57BL/6J and C57BL/6NJ mice merits further study 

into diet induced changes in inflammation and if nociceptive protection is provided by a 

reduced inflammatory response. It will be important to incorporate temporal studies to 

determine if nociceptive changes will occur at later time points in C57BL/6J and 

C57BL/6NJ mice22.

Diabetes and metabolic syndrome induced neuropathies are commonly associated with 

reduced epidermal innervation, and recent studies in prediabetic patients with neuropathy 

reveal these axonal changes occur early in neuropathy progression in human 

patients16, 17, 25. Research in mice to model these changes has been variable, with some 

reporting epidermal axon changes and others no changes22. Our current studies revealed no 

changes in epidermal axons in response to a high-fat diet, or among the 3 substrains of mice 

in response to the diet. It’s plausible that these changes occur later in the progression and 

future research should investigate longer-term alterations in IENFD with a high-fat diet10, 22.

Conclusion

The current studies highlight the role of metabolic changes and activity level in regulating 

nociceptive responsiveness in mice. Small variations within murine genetic backgrounds 

lead to significant increases in body weight, fat mass, fasting insulin, glucose intolerance, 

activity level, and nociceptive sensitivity. These key alterations in mouse sub-strains could 

have profound differences in their utilization in metabolic syndrome associated disease 

modeling including pain. In addition, the use of a ‘western’ diet high in carbohydrates a 

C57BL/6J animal kept at thermal neutral temperatures has become a common model in 

obesity and diabetes research. However, the present work suggests that other substrains may 

be much more susceptible to metabolic syndrome, and our results may allow for better 

modeling in studies of pain modulation associated with metabolic alterations. We suggest 

that researchers examining metabolic syndrome or obesity-induced disease take great care in 

examining not only the background but also sub-strain differences in their models of disease.
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Perspective

Obesity and metabolic syndrome play an important role in pain. This study identifies key 

differences in the response to a high-fat diet among substrains of C57BL/6 mice and 

differences in intrinsic physical activity that may influence pain sensitivity. The results 

emphasize physical activity as a powerful modulator of obesity-related pain sensitivity.
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Highlights

• Substrains of C57/Bl6 mice develop varied metabolic consequences on a 

high-fat diet

• C57/Bl6J mice display increased ambulatory activity in sedentary housing

• C57/Bl6CR mice increase metabolic syndrome related measures on a high-fat 

diet

• C57/Bl6 substrains show alterations in the development of diet-induced pain
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Figure 1. All C57BL/6 Mice Display Increased Body Weight, Fat Mass, and Glucose When Fed a 
High-Fat Diet
A) All high fat-fed groups had increased bodyweight relative to control-fed groups 

beginning at 3 weeks (n=10 for all groups). B) Beginning after 1 week on a high fat diet all 

groups displayed an increase in fat mass. C) All high fat groups display slightly elevated 

blood glucose beginning 1 week after the start of a high fat diet. D) After 7 weeks of a high 

fat diet all groups display an increase in body weight, with C57BL/6J animals displaying the 

smallest increase in weight. E) Following 7 weeks of a high fat diet C57BL/6CR animals 

have the greatest increase in fat mass. F) After 7 weeks of a high fat diet all groups display 

mildly elevated blood glucose. All data presented as mean ± SEM * p<0.05; ** p<0.01; *** 

p<0.001; **** p<0.0001 CF: Control-fed HF: High fat-fed
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Figure 2. C57BL/6CR and C57BL/6NJ Mice Develop Glucose Intolerance When Fed a High Fat 
Diet
A) High fat-fed C57BL/6CR animals display significantly reduced glucose tolerance 

following 6 weeks on a high fat diet (n=6 for all groups). B) High fat-fed C57BL/6J mice 

showed no change in glucose tolerance following 6 weeks of a high fat diet (n=6 for all 

groups). C) High fat-fed C57BL/6NJ mice display slightly reduced glucose tolerance 6 

weeks on a high fat diet (n=6 on all groups). D) Fasting insulin was increased in all groups 

on a high fat diet, with C57BL/6CR mice having the highest levels of hyperinsulinemia 

(n=10 for all groups). All data presented as mean ± SEM * p<0.05; ** p<0.01; *** p<0.001; 

**** p<0.0001 CF: Control-fed HF: High fat-fed
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Figure 3. C57BL/6 Sub-strains Have Different Intrinsic Activity and Energy Expenditure on a 
High Fat Diet
A) Control-fed and high fat-fed C57BL/6J mice display significantly greater activity during 

dark cycle than C57BL/6CR or C57BL/6NJ mice (n=8 for all groups). B) No sub-strain or 

diet group displayed an alteration in energy intake during active dark cycle time. C) All high 

fat-fed substrains displayed a reduced respiratory quotient associated with increased fat fuel 

utilization during their active dark cycle. D) Control-fed C57BL/6CR showed reduced 

energy expenditure relative to high fat-fed C57BL/6CR and control-fed C57BL/6J and 

C57BL/6NJ animals. All data presented as mean ± SEM * p<0.05; ** p<0.01; *** p<0.001; 

**** p<0.0001 CF: Control-fed HF: High fat-fed
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Figure 4. High Fat-Fed C57BL/6CR mice Develop Mechanical Allodynia
A) Following 7 weeks of a high fat diet C57BL/6CR mice have increased mechanical 

sensitivity relative to control-fed mice (n=10 for all groups). B) C57BL/6J mice had no 

changes in mechanical sensitivity after 7 weeks of a high fat diet. C) High fat-fed 

C57BL/6NJ mice did not develop significant alterations in mechanical sensitivity after 7 

weeks. D) No diet group or substrain showed a significant change in thermal sensitivity 

across 7 weeks when fed a high fat diet. All data presented as mean ± SEM * p<0.05; ** 

p<0.01; *** p<0.001; **** p<0.0001 CF: Control-fed HF: High fat-fed
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Figure 5. C57BL/6CR Animals Display Heighted Chemogenic Sensitivity When Fed a High Fat 
Diet
A) High fat-fed C57BL/6CR mice were the only group to display increased nociceptive 

behaviors phase 1 as a response to formalin injection. Control-fed C57BL/6J mice also 

showed an increased response in phase 1 as compared to C57BL/6CR mice (n=15 for all 

groups). B) No sub-strain or diet group displayed changes in phase 2 responses following 

formalin injection. C) Control-fed vs. high fat C57BL/6CR mice D) Control-fed vs. high fat-

fed C57BL/6J mice E) Control-fed vs. high fat-fed C57BL/6NJ mice. All data presented as 

mean ± SEM * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001 CF: Control-fed HF: High 

fat-fed
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Figure 6. Epidermal Fiber Density Was Not Altered by a High Fat Diet
A) Sections of the plantar surface of the hind paw stained with PGP9.5 to identify sensory 

axons innervating the epidermis B) No substrain displayed differences in their IENFD when 

fed a high fat diet. On the control diet, C57BL/6NJ mice did have an increased IENFD 

relative to C57BL/6CR and C57BL/6J mice (n=8 for all groups) C) IENF levels in 

C57BL/6CR mice following 7 weeks of diet D) IENF levels in C57BL/6J mice following 7 

weeks of diet E) IENF levels in C57BL/6NJ mice following 7 weeks of diet. All data 

presented as mean ± SEM * p<0.05

CF: Control-fed HF: High fat-fed
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