
34 TuftScope  ⏐ Fall 2015 • Volume 15, Issue I

TUFTS RESEARCH SPOTLIGHT

THE PHYSIOLOGY OF STRESS

To understand Romero’s ongoing research, it is important 
to understand the physiological stress response. When 

discussing the stress response, many people think of the 
simple phrase “fight-or-flight,” but the response itself is much 
more complicated.  The stress response revolves around the 
hypothalamic-pituitary-adrenal (HPA) axis, which integrates 
parts of the central nervous and endocrine (hormonal) 
systems.4 The primary downstream effector molecules of the 
HPA are glucocorticoids: steroid hormones with a wide range 
of biological significance, 
regulating behavioral, 
metabolic, immune, and 
cardiovascular processes.4 
Glucocoritcoids are released 
into the bloodstream after 
stress, binding to receptor 
molecules to inhibit the 
hypothalamic and pituitary 
activity of the HPA axis.4 In order to counteract this inhibition 
in pursuit of physiological balance, the hippocampus, a 
region of the brain known for its role in memory, functions 
in another biological pathway that counters the secretion 
of glucocorticoids.4 Ultimately, the HPA axis is a complex 
and sophisticated system that requires a delicate balance to 
function properly.

BACKGROUND RESEARCH ON THE STRESS RESPONSE

Romero’s current work is founded in research accumulated 
and published over the past 20 years. In studying 

laboratory rodents, he has concluded that a stressed mother 
can pass down stress information to its pups.5 In fact, if the 
mother is stressed during pregnancy, her pups will grow up 
with completely atypical stress responses.5 It was therefore 
hypothesized that stress during pregnancy may result in 
glucocorticoids passing through the placental membrane and 
changing the regulation of the glucocorticoid receptors of the 
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offspring. With too much glucocorticoid passing through the 
placental barrier, receptor densities in the pup’s hippocampus 
are predicted to adjust accordingly.5 Overall, these changes 
would potentially affect the regulation of the entire HPA axis. 
Experiments with mother rodents were repeated multiple 
times, always yielding altered densities of glucocorticoid 
receptors in the pups.5 The implication is that, when the pup 
of a stressed mother becomes an adult, it will be  either hyper-
reactive or hypo-reactive to stressors – even if the pup itself 
never experienced the stressors affecting its mother.5

The same effect has been 
observed when mothers are 
stressed soon after the birth of 
their pups.5 This could be due 
to post-natal modifications 
in the pups’ receptor genes, 
influenced by glucocorticoids 
passing through the mother’s 
milk rather than through the 

placenta.5 However, it could also be due to behavioral changes. 
Stressed mother rats will not groom and lick their newborn 
pups as much as unstressed mothers; This lack of care will 
stress the pups and permanently alter the regulation of their 
entire HPA axes.5 All in all, it appeared that just a short period 
of stress on the mother could yield lasting psysiological 
changes in her pups.5

LINKING LABORATORY FINDINGS TO THE FIELD

The above understanding of a mother’s stress interacting 
with her pups was widely accepted before Professor 

Romero started his related experiments. However, this 
understanding was lacking in applicability, as prior findings 
could only be extended to laboratory mice. White mice raised 
in laboratory settings are highly inbred and have unnatural 
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“All in all... just a short period 
of stress on the mother could 

yield lasting physiological 
changes in her pups.”

THE STRESS RESPONSE THROUGH GENERATIONS
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upbringings. “In my humble opinion, they’re not even a 
real species anymore. We didn’t know whether this had any 
relevance to a real species, or whether this was all an artifact 
of a laboratory,” Romero stated. 

In an effort to determine the importance of these results 
in a more natural setting, Romero and his students began 
studying wild degus. Degus are small rodents, relatives of 
the Guinea pig and native to Chile.5 They live in all-female 
burrows and practice communal care.5 This means that they 
place all of their pups in one central nesting burrow, and 
the mothers will enter the burrow to nurse any pup that is 
hungry.5 The nursing of another mothers’ pups is called 
palonursing, and is very rare in mammals.5 In studying 
these degus in their natural environment in Chile, Romero 
wanted to test a question very similar to the one posed in 
previous experiments. If you stress a mother, will this affect 
its offspring?

Now that Romero was working with wild animals in 
a natural setting, the experimental design differed from 
the laboratory experiments. First of all, the mothers were 
not environmentally stressed. Instead, they were given 
glucocorticoid implants, which mimic the stress response 
physiologically.5 Pregnant degus were trapped in the field 
and fixed with glucocorticoid implants. Later, their pups 
were observed.5 These pups yielded the same result found 
in laboratory studies of other rodents; This was already a 
positive sign that the laboratory results could have significant 
impact in the wild.5

Following this initial experiment, Romero investigated 
what would happen if only half of the females were given the 
glucocorticoid implants. Surprisingly, all of the pups – born 
from stressed or non-stressed mothers – displayed normal 
results.5 “So it seems like the non-implanted females are able 
to buffer the impacts of the stress on all the pups,” explained 
Romero. However, it is unknown how this buffering effect 
occurs. Degus are wild animals, and they feed down in 
burrows. Thus, it is unknown whether the non-implanted 

females were feeding the same pups as the implanted 
females. Romero admitted that although he thinks that all 
of the females were feeding, regardless of glucocorticoid 
implantation, he still does not know for sure.5 

FUTURE DIRECTIONS AND APPLICATIONS

Romero and two student research assistants completed 
these experiments and published their results last year, 

along with collaborators at the University of Tennessee and 
a catholic university in Santiago.6 Yet his work in Chile is not 
done. Similar experiments are still ongoing, but instead of 
creating stress by administering implants to pregnant females, 
stress is induced by incorporating common predators such 
as foxes, snakes, hawks, and owls.5 In this way, Romero can 
discover whether the same stress effects on pups apply in the 
context of more realistic, natural stressors.5

Though Romero’s research findings are just the first 
steps linking laboratory results to wild animals, there is 
a universality of the stress response in all mammals. The 
importance of Romero’s work extends far past rodents, as the 
intricacies of the stress response hold many implications for 
humans. Many disorders, such as anxiety disorders and post-
traumatic stress disorder (PTSD) involve the stress response, 
yet very little is known about their causes. When discussing 
the consistency of the results, Romero expanded upon how 
the questions that founded his experiments have resonated 
through the scientific community:  “PTSD is a great example. 
Say there’s a bus crash; [Of] the survivors, some of them 
will end up with PTSD, but most of them will not. They’re 
all experiencing the same thing. What’s the difference? Why 
do some people have this problem, and why do some people 
not?”5 The consensus in the findings of Romero’s and others’ 
experiments, despite different circumstances, may one day 
lead us to an answer.

From left: An ear-tagged degu; a field site in 
Chile with multiple degu burrows; a degu pup.
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