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Obesity has become a pervasive worldwide epidemic 1. In North America alone, nearly two in
three adults are either overweight or obese2–4. Obesity increases the risk of developing several
debilitating, and sometimes fatal diseases, including Type 2 diabetes, cardiovascular disease,
and even some forms of cancer1. Furthermore, obesity-related complications result in nearly 3
million deaths each year1. It is classically diagnosed by increased body weight and adiposity,
often as a result of dysfunction in energy homeostasis and metabolism 5. However, the
development of obesity can be multifactorial, and stress, which plays a critical role in
maintaining energy homeostasis, is also correlated with weight gain6,7.
The stress response engages both the autonomic nervous system (ANS) and the hypothalamicpituitary-adrenal (HPA) axis8. Specifically, the ANS aims to provide a rapid neuronal response
following an acute stressor 8. This response allows for preparation to cope with the stressor
through actions in the cardiovascular and respiratory systems, as well as the release of
catecholamines8. The HPA axis maintains homeostasis through slower, long-lasting adaptive
hormonal responses that involve the release of corticotrophin-releasing hormone (CRH) and
adrenocorticotrophic hormone (ACTH) in response to acute or chronic stressors 8,9. ACTH acts by
stimulating the adrenal cortex to secrete the glucocorticoid hormone, cortisol (i.e.,
corticosterone in rodents), which directly and indirectly affects metabolic pathways, such as
carbohydrate, lipid, and protein metabolism10. These downstream effects of cortisol can result
in either anabolic or catabolic events, ultimately affecting energy expenditure and food
intake11. Likewise, the HPA axis also regulates the ANS during a stress response through
negative feedback 12. However, in both the HPA axis and ANS, if chronically stimulated, these
adaptive responses may lead to maladaptive consequences 9. Previous studies have related
elevated levels of cortisol or corticosterone and over-responsive HPA axis activity to the onset
and maintenance of obesity13–15. In this study, Torrezan et al. demonstrated that in a lean
animal, central glucocorticoid infusion influences the HPA axis altering metabolic homeostasis
through ANS activity and glucose homeostasis 12. By contrast, obese animals exhibit
dysregulation of the HPA axis and consequently, a decrease or cessation of ANS activity and
metabolism in the presence of central CRH or synthetic glucocorticoids 12.
Torrezan et al. treated neonatal rats with monosodium L-glutamate (MSG) to induce adult
obesity and determined whether MSG-mediated obesity disrupted ANS activity and
metabolism16. MSG is added to food as a flavor enhancer, but its use has been linked with
diabetes and obesity17–19. MSG-treated rats are known to have increased parasympathetic
nervous activity and share similar biochemical and physiological measures and outcomes to
obesity observed in humans10,12,15,16. For example, MSG-treated rats gain more weight and

adiposity, have higher circulating leptin, glucose, and insulin levels, and are glucose intolerant
and insulin resistant 5.
With regards to the HPA axis, Torrezan and colleagues found that MSG-treated rats have
elevated corticosterone levels relative to saline-treated littermates5. Activation of the HPA axis
stimulates hypothalamic CRH release, which then stimulates the anterior pituitary to produce
ACTH and drive the production of corticosterone by the adrenal glands 8. In turn, corticosterone
normally provides negative feedback to the hypothalamus and pituitary to inhibit CRH or ACTH
release, respectively, thereby suppressing further corticosterone production 8. In this study,
Torrezan and colleagues showed that although MSG-treated rats remained sensitive to the
anorexigenic effects of CRH, the synthetic glucocorticoid dexamethasone (DEXA) was unable to
suppress circulating levels of corticosterone12.
The CRH and DEXA model employed has been replicated in previous studies confirming that
CRH delivered by intracerebroventricular administration decreases food intake without changes
in plasma glucose, insulin, or glucocorticoids 22. Given that both lean and MSG-treated rats
remained responsive to the anorexigenic effects of CRH, Torrezan et al. suggest that MSGtreated rats remain sensitive to output from the HPA axis5,12. To determine whether the HPA
axis may be insensitive to negative feedback from corticosterone, they measured
corticosterone levels following central DEXA administration 12. DEXA decreased corticosterone
levels in saline- but not MSG-treated rats, thus suggesting that the HPA axis in MSG-treated rats
became insensitive to negative feedback 12. This implicated that MSG-induced obesity may stem
from insensitivity within the negative feedback loop from corticosterone to protect against the
hyperstimulation of the HPA axis.
To analyze the sensitivity of the HPA axis, Torrezan et al. determined the effects of centrally
administered CRH or DEXA on hyperglycemia and hyperinsulinemia in saline- and MSG-treated
rats12. CRH may offer relief from obesogenic symptoms like hyperglycemia and
hyperinsulinemia, while DEXA treatment promoted positive energy balance. DEXA treatment
produced similar outcomes on blood glucose, serum insulin levels, and ANS activity in salineand MSG-treated rats12. During stress, chronic activation of the HPA axis increases
corticosterone production and may result in increased food intake and elevated glucose and
insulin levels, thus rendering the organism glucose intolerant or insulin resistant 23. When
challenged with a glucose load via an intravenous glucose tolerance test, CRH did not affect
blood glucose but suppressed insulin release 12. DEXA administration produced glucose
intolerance and hyperinsulinemia in control rats, however, this condition was not augmented in
MSG-treated rats12. DEXA administration also ubiquitously facilitates insulin resistance, and
Torrezan et al. suggest that insulin resistance may arise due to a developed sensitivity to
corticosterone in the HPA axis, which may interact with the ANS response 12.
Given that the stress response also engages the ANS, Torrezan et al. directly measured
parasympathetic nerve activity through electrical recording of the left superior vagus nerve
from the superior cervical ganglion, and they measured sympathetic nerve activity by directly
recording from the vagus nerve12. These novel methods for isolating and recording from the
vagus nerve in vivo are effective and direct techniques for understanding ANS physiology and
are unique assets to this study. ANS activity contributes to the development of obesity24, and

Torrezan and colleagues showed that MSG-treated rats have reduced sympathetic nerve
activity and elevated parasympathetic nerve activity 12. In control rats, CRH expectedly
stimulated sympathetic nerve activity and has no significant effect on parasympathetic nerve
activity; meanwhile, DEXA suppressed sympathetic activity and elevated parasympathetic
activity12. By contrast, both the sympathetic and parasympathetic nerve activity in MSG-treated
rats were insensitive to either CRH or DEXA12. The suppressed and elevated sympathetic and
parasympathetic nerve activity, respectively, may reflect a ceiling effect produced by elevated
corticosterone levels in MSG-treated rats.
In aggregate, these findings highlight the differential contribution of glucocorticoids to the HPA
axis and ANS activity under metabolic stress from MSG-induced obesity. Torrezan et al.
highlight the relevance of the MSG-induced obesity model for representing the metabolic and
physiological changes that occur in the HPA axis as a result of obesity. Injections of central CRH
and DEXA demonstrate impairments to the negative feedback loop within the HPA axis that
may result in dysfunction within the ANS. DEXA may work in opposition to CRH to promote
positive energy balance, and this study suggests that elevated corticosterone levels promote
MSG-induced obesity12. In conclusion, Torrezan et al. presents an effective study supporting the
role of the HPA axis and the ANS in the onset and maintenance of obesity 12. This article
provides a greater mechanistic understanding of stress-related pathways in the etiology of
obesity.
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