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ABSTRACT

Mary Dallman has left a legacy in neuroendocrinology, not only as the scientist who elaborated
on new concepts such as rapid corticosteroid feedback pathways, but also as a role model,
particularly for women who followed in her footsteps. In this contribution, | compare (i) the
remarkable journey she made toward her position as the first female faculty member ever at the
physiology department at USCF with that of generations after her; (ii) the contribution of our labs
on rapid corticosteroid actions; and, (iii) finally, our experiences with unexpected findings for which
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one should always keep an open mind, a standpoint that was fervently advocated by Mary Dallman.

Introduction

On the occasion of receiving the 2010 Distinguished Research
Award of the Society for the Study of Ingestive Behavior,
Mary Dallman wrote an illuminating retrospective and per-
spective on her life and the field of neuroendocrinology, the
field in which she excelled. In the paper she describes how
she had already embarked on a hefty overview of her life,
taking no less than eight single-spaced pages to cover the
first 20 years of her scientific life, when two of her children
advised her to rewrite it and focus on three important things:
how it all began; her scientific discoveries; and her thoughts
on a few academia-related issues she deemed of interest.
“The big picture,” her children told her.

In preparation for my tribute to Mary Dallman, | reread
this article and was struck by the enormous -and adventur-
ous- journey her scientific life must have been, spanning
roughly 50 years; and the landslide in scientific culture she
witnessed, not in the least in the attitude toward women.

| felt | could not honor her in a more befitting way than follow
this wonderful article from her hand and address the same three
items, comparing our journeys. My path has been so much
smoother than hers, exactly because it had been paved by
women like Mary Dallman, who forced open the world of (neuro)
endocrinology and physiology for those who had not been easily
admitted until then. Following in her footsteps -also in the orga-
nization of this article- is a tribute to this remarkable woman.

How come a scientist, as a female in a males’ world?

In her article, Mary Dallman discloses how she first expressed her
wish to become a scientist at the age of 14 when asked what
she aspired to be, later, mostly because she felt she could not

compete with her elder sibs who excelled in music and art. When
in college she became fascinated by steroid molecules, and, urged
on by supporters, went to the Columbia College of Physicians &
Surgeons in 1956, the year | was born. She quit after a year. Not
because she liked the subject too little, but, rather, because she
liked it too much and felt surrounded by less interested male
students and only (besides herself) three female students who
were “dressed in drab” and “seemed to want to fade into the
woodwork and make themselves invisible...” (Dallman, 2011).

Typical for those not having easy access to the academic
system, she took refuge in a job as a technician. But genuine
drive is not to be thwarted. So, a few years later she had her
second try at entering graduate school, this time at the
Rockefeller University. When interviewed by the President
(amazing; | don't think the current President would take the
time to interview prospective graduate students!), in a new
dress bought for the occasion, she was asked:

“what is that ring on your finger?’, and when [she] said that [she]
was engaged to be married, he said “I knew it was a waste of time
to interview a woman”—and that was the end of the interview.

That she eventually made it into the academic system is
a testimony to her perseverance, and her conviction that this
was the place where she belonged. She was supported
throughout the years by her husband Peter, in all her steps:
first, when she went to School to obtain a PhD in Physiology
at Stanford; and later, when she carried out two postdoctoral
projects, one of which took place in Sweden, meanwhile with
an extended family of three.

| vividly remember asking Mary in 1998 how she had
pulled it off, raising a family as well as being a successful
scientist. And how she answered that for many years she
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would first attend to the family and only when the children
were in bed, she would revert her attention to science again,
working many hours at night.

Much of the anecdotes related in her article about the
difficulty of women entering the academic system were sit-
uated in the sixties and seventies of the last century. Things
have, fortunately, changed for the better. Nowadays, roughly
50% of all PhD students in biomedical sciences in Europe as
well as the USA are female (Schaller, 2022; SheFigures, 2021).
Being turned down for a graduate program as female appli-
cant because you are engaged to be married and being told
that it is a waste of time to even interview you is unthinkable,
at least in Western society: no diversity and inclusivity com-
mittee of any university would tolerate it. So, we have come
a long way.

But even today, there are many hurdles to take for bright
female scientists, especially in the STEM (science, technology,
engineering, and mathematics) field. Bostwick and Weinberg
(2018) showed, based on all individuals who first enrolled in
a doctoral program of any public four-year university in Ohio
between 2005 and 2015 in the STEM programs, that in these
particular cohorts, two-thirds of PhD cohorts were less than
50% female. Importantly, women with no female peers—very
similar to the situation experienced by Mary Dallman—were
12 percentage points less likely to complete their degrees
within sixyears than men in the same cohort. An increase of
one standard deviation in the share of female students in a
cohort increased the probability of on-time graduation for
women by nearly five percentage points. Environment matters.

And graduating is just a first career step. In her paper,
Mary Dallman describes the difficulties it took her to become
appointed as faculty member in the Department of Physiology,
the first female ever. Nowadays, rising through the ranks is
still difficult. The numbers illustrate this: In 2019, in Europe,
women represented less than 25% of the heads of institutions
in the higher education sector (SheFigures, 2021). This num-
ber is very similar to the percentage of women (24%) among
the most highly paid employees at the 130 major research
universities of the USA (Women’'s Power Gap Study Series,
2022). There are multiple explanations for the slow rise
through the ranks, including the fact that women are con-
sistently less credited for what they do (Ross et al., 2022).
And if you don't get the credits, you may seem less produc-
tive—even at the earliest stages of one’s career (Schaller,
2022)—and it becomes harder to acquire grants. A recent
survey among NIH grant recipients shows that the gap in
earning power is not getting any smaller, women being sys-
tematically less successful in securing multiple grants than
men (Nguyen et al., 2023).

But there are also more optimistic signs. Implicit negative
bias toward women in the hiring process of a lab manager
was convincingly demonstrated in 2012 (Moss-Racusin et al,,
2012): yet, more recent data support that women, when it
comes to filling tenure-track positions in the STEM fields,
appear to be favored over men (Williams & Ceci, 2015).
Similarly, older surveys show a very low representation of
women amongst the membership of academies of sciences
(Gibney, 2016), whereas a very recent study demonstrated
that in the last three years’ appointments at the NAS and

AAS, women made up 40% of the new membership, which
is an overrepresentation compared to the percentage of
female candidates (Card et al., 2023). All in all, the world for
female scientists has considerably improved since the early
days of Mary Dallman, not in the least through the perse-
verance of her and the likes. But it still is not a level playing
field. The existence of positive examples, of mentoring and
of sponsoring remains indispensable (Joéls & Mason, 2014).
For me, Mary Dallman has been just such a positive example.

The lab: rapid feedback

One of the neuroendocrine phenomena described by Mary
Dallman is that of rapid feedback. In a classical experiment
(see Figure 1(A)), she demonstrated that a stressor (for
instance histamine injection) within 2min after infusion of
corticosterone to a rat did not result in the expected rise in
corticosterone level as seen when exposing the organism to
a stressor at 10 or 45min after the onset of corticosterone
infusion. This (Dallman & Yates, 1969), and later work by
Morton Jones’ laboratory (reviewed in Jones & Gillham, 1988),
was interpreted as evidence for the existence of a rapid inhib-
itory action by corticosterone during the rising phase of the
infusion; a phenomenon sensitive to the rate of infusion. The
rapid inhibitory action occurred complementary to the
well-documented gene-mediated inhibitory actions by corti-
costerone seen 120min after infusion with the steroid was
started.

Rapid corticosteroid effects had already been described
earlier, in relation to diverse functions, like mating behavior,
aggression and feeding behavior in various vertebrate species
(reviewed in Dallman, 2005). However, for many years, the
rapid effects received less attention than the “classical”
gene-mediated signaling, primarily due to the complete lack
of understanding of a potential underlying mechanism.

This understanding was for the first time provided by the
work of Jeffrey Tasker and colleagues in 2003 (Di et al., 2003),
who demonstrated that corticosterone in vitro, presumably
via glucocorticoid receptors, rapidly inhibits the release of
glutamate from neurons projecting onto CRF-producing cells
in the paraventricular nucleus of the hypothalamus (PVN), as
inferred from a decreased frequency of miniature excitatory
postsynaptic currents (mEPSCs; see Figure 1(B,C)). This rapid
signaling pathway involves retrograde signaling via
endocannabinoids.

In her review of rapid glucocorticoid effects, Mary Dallman
(2005) raised the following questions: “What steroid recep-
tor(s) is (are) involved? What is (are) the second messen-
ger(s)? Is there a single membrane receptor and a single
intracellular second messenger, or, are there many?”

Subsequent experiments by us and others revealed that
the rapid and slow actions described by Dallman and Jones
after stress actually form part of a complex mosaic of rapid
and slow corticosteroid actions in the brain, which in part—
but not exclusively—are determined by the local expression
levels of mineralocorticoid and glucocorticoid receptors (MRs
and GRs respectively) (for review see Joéls et al., 2012). For
instance, in 2005, we demonstrated that rapid corticosteroid
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Figure 1. Rapid actions of corticosteroids in the brain. (A) Rapid feedback inhibition of the stress axis—activated by histamine administration (arrows)—was
observed at 2 (but not 10 or 45; stars) min after the onset of corticosterone being infused into anesthetized female rats at a constant rate for 2h. Delayed
inhibition was observed when the rats received a stressor 120min after corticosterone infusion started. Based on Dallman (2005). (B) The mechanism of rapid
inhibitory corticosteroid actions was further explored with electrophysiological methods, recording miniature excitatory postsynaptic currents (mEPSCs; typical
recording in inset), each of which reflects the postsynaptic response to a spontaneously released presynaptic glutamate-containing vesicle. Changes in mEPSC
frequency usually indicate an altered (presynaptic) release probability of the vesicles, whereas changes in mEPSC amplitude rather point to changes in the
expression of postsynaptic receptor subunits. Panels B-D based on Tasker and Joéls (2015). (C) Schematic representation how corticosterone may bind to a
membrane-bound version of the glucocorticoid receptor (mbGR) on CRH-producing neurons in the PVN, and then through retrogradely transported endocan-
nabinoids (eCB) reduce the release of glutamate-containing vesicles from presynaptic neurons. The recordings on the right show that the frequency (but not
amplitude) of mEPSCs is reduced by the GR-agonist dexamethasone, compared to the control situation prior to dexamethasone. (D) In CA1 pyramidal neurons
of the hippocampus, corticosteroids act via mineralocorticoid receptors (mMR) presumably located at (or in the vicinity of) the presynaptic plasma membrane.
As shown on the right, this results in an increased frequency—but not amplitude—of mEPSCs during administration of (100nM of) corticosterone.

actions not only occur in the PVN but also in extrahypotha-
lamic parts of the brain, more specifically, a non-genomic
enhancement of mEPSC frequency in the CA1 area of the
hippocampus. Contrary to the PVN, these corticosteroid
actions were mediated by the MR rather than GR (Figure
1(D)), and do not involve retrogradely transported endocan-
nabinoids but a presynaptic ERK1/2 signaling pathway (Karst
et al,, 2005; Olijslagers et al., 2008). In addition to the rapid
presynaptic actions, there are also rapid postsynaptic effects
on CA1 neurons by corticosterone, involving G-protein sig-
naling (Olijslagers et al., 2008).

Dentate granule cells (see review Joéls et al., 2012) and
principal neurons in the basolateral amygdala (Karst et al.,
2010; Figure 2) also exhibit a rapid non-genomic,
MR-dependent increase in excitability, whereas pyramidal
neurons in the infralimbic cortex seem to respond more like
neurons in the PVN (Karst et al., unpublished observation).
This confirms that, as already assumed by Mary Dallman
(2005), the mechanisms underlying rapid corticosteroid sig-
naling need to be unraveled on a case-by-case basis, for
each brain region; very similar to the regional differences
earlier observed with regard to the slow gene-mediated
actions (Joéls, 2006).

The nature of the receptor involved in rapid corticosteroid
signaling remains elusive. Rapid non-genomic actions in the
hippocampus and amygdala do require the expression of the
“classical” MR-encoding gene (Karst et al.,, 2005, 2010). The
receptor molecule mediating rapid effects appears to be

located close to the plasma membrane rather than in the
nucleus, given the effectiveness of corticosterone conjugated
to bovine serum albumin—which cannot pass the plasma
membrane—to evoke rapid actions. However, to date all
attempts to visualize an MR close to the plasma membrane
have failed (Karst et al., 2022). It cannot be entirely excluded
that a hitherto unknown membrane-variant of the MR, GR
or both, is involved in the rapid signaling pathways, as has
been previously found for the estrogen receptor GPER1
(Alexander et al., 2017).

In 2005, Mary Dallman wrote “the overall notion ... is that
rapid effects are ancient functions of hormonal steroids and
sterols that serve to accentuate behaviors that are evolution-
arily important for fitness of the individual under stress.” This
notion has been completely confirmed in subsequent studies
by us and others, involving an extensive series of behavioral
experiments in rodents and humans, often in combination
with genetic or pharmacological interventions to specifically
activate MR or GR (Figure 3). The current view is that rapid
corticosteroid actions, mostly via MRs, in concert with actions
exerted by other stress mediators—belonging to the class of
monoamines or neuropeptides—, serve to quickly focus atten-
tion on relevant information, promoting the selection of sim-
ple strategies that are geared to preserve the stressed
individual and its close ones. This is essential for immediate
survival. However, it comes at a price: these rapid actions
would render the organism rather inflexible and self-centered
in its solutions to adapt to an ever-changing environment.
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Figure 2. Metaplasticity of corticosterone responses in the basolateral amygdala. (A) Principal neurons in the basolateral amygdala (BLA) respond within minutes
to corticosterone with an increase in the mEPSC frequency. A similar increase is also seen when corticosterone is applied for a second time, within 60 min after
the first administration. However, with longer delays between the first and second administration, this increase in mEPSC frequency alters into a decrease.
Each dot represents the percentual change in mEPSC frequency observed in a particular BLA neuron tested at the delay (after the first administration) indicated
on the x-axis. The shift from increased to decreased mEPSC frequency with a delay of >1h was dubbed “metaplasticity.” (B) Interestingly, some degree of
metaplasticity also occurs when corticosterone is administered after the B-agonist isoproterenol, although the effect was less clearly seen and seemed to occur
already after a delay of ~30min. (C) The metaplasticity observed in relation to isoproterenol and corticosterone may be of relevance for the naturally occurring
waves of stress mediators. We tested three conditions, i.e. (i) a situation with only a wave of (a low dose of) isoproterenol (left (i.e. first) wave), reflecting a
situation of arousal (top); (ii) a situation with subsequent waves of moderately high doses of isoproterenol and corticosterone (right (i.e. second) wave) respec-
tively, such as may occur during moderate stress (middle); and (iii) a situation with subsequent waves of high doses of isoproterenol and corticosterone, such
as may occur during severe stress (bottom). Whereas in the former two situations, BLA neuronal activity is only temporarily high, the latter situation caused a
prolonged increase in excitability. All panels are based on Karst and Joéls (2016).
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Figure 3. Rapid and delayed effects of stress hormones on cognitive processing. Summary of behavioral effects described in rodents (r) and humans (h)
observed shortly after elevation of stress hormones (top left) and with a delay of at least 1h (top right). The behavioral paradigms that were employed (left)
are arranged from (top to bottom) those involving emotional circuits (including the amygdala); via rather routine-based circuits (e.g. involving the striatum);
more flexible context-dependent paradigms (involving e.g. the hippocampus); to those related to executive functions like decision-making (involving e.g. the
prefrontal cortex). Overall, the studies indicate that directly after stress emotional and routine-based circuits are enhanced in activity, while higher cognitive
functions are suppressed. By contract, starting 1h after stress, the opposite effect is seen. The rapid effects (top-left arrow) most likely involve noradrenergic
activation, as well as the effects of neuropeptides like CRH and corticosteroids acting via MR. The delayed effects (arrow on lower right) can be mostly explained
by gene-mediated actions via GR.

It is therefore essential that the rapid actions are comple-
mented by well-documented slow, gene-mediated cortico-
steroid actions, generally involving intracellularly located GRs.
These slow actions (i) facilitate remembering salient informa-
tion for future use, in a context-dependent—and more flex-
ible—manner; (ii) support taking rational decisions; and iii)
promote making altruistic choices.

Both the rapid and delayed effects, in balance, are import-
ant for the fitness of the individual, e.g. with regard to its
resilience to develop psychopathology (De Kloet & Joéls,
2023). Due to genetic predisposition, some individuals may
display a slight disbalance between the rapid and delayed
actions of stress mediators; a disbalance which could be
exacerbated by subsequent exposure to life events, especially



when occurring in the vulnerable developmental period. Such
a disbalance may change the way in which individuals pro-
cess information and render them susceptible to the precip-
itation of psychiatric disorders, especially in the face of
challenging life conditions. Eventually this may also affect
the fitness of the species, from an evolutionary point of view
(Korte et al., 2005).

Final note: the academic world

In her reminiscences (Dallman, 2011), Mary Dallman ended
by stating that young and eager academics these days feel
crippled

through requiring assurances that every study has a certain bot-
tom line, and through making the working life of the investigator
dependent on producing positive results for what is hypothesized.
It is very important that in the coming years, a new functional
model is found for these institutions that acknowledges that out-
comes can be predicted, but that the predictions may not be
correct.

| couldn’t agree more. The pressure in the system is build-
ing, especially on young people, to produce (positive) results.
That has the potential risk that one is only open to the
expected result, whereas unexpected outcomes can be illu-
minating, when one has a ready mind. Let me give two
examples from our own work, to illustrate how unexpected
results can give rise to entirely new insights.

The first example dates back from the early nineties, when
| had just embarked on investigating corticosteroid effects
in the brain (Joéls et al., 1991). It so happened that, one day,
| had tested corticosteroid actions on brain slices and at the
end of the day wanted to use the same slices to run some
control experiments on serotonin (5-HT) which a reviewer
had requested, as part of an entirely different experiment.
To my surprise, 5-HT was not giving the clear hyperpolariza-
tion of CA1 pyramidal neurons we expected -due to activation
of K* channels-; but, rather, a half-baked small hyperpolar-
ization. What was wrong? At first, | thought the 5-HT had
gone off, because it is sensitive to oxidation. So, | made a
fresh stock; only to find the same small hyperpolarization.
And then it slowly dawned on me that perhaps that earlier
corticosteroid exposure of the slices had something to do
with it. That asked for a new, dedicated set of experiments
testing exactly that: Does brief corticosterone exposure sev-
eral hours before application of 5-HT affect the subsequent
5-HT1A receptor mediated responses? And this turned out
to be the case, in a dose-dependent manner. Thus, moder-
ately low doses of corticosterone (predominantly activating
MR) were associated with small responses, while both in the
absence of corticosterone and with simultaneous activation
of MR and GR by high doses of corticosterone large 5-HT1A
receptor mediated responses were observed. It turned out
to be one of the clearest examples of a U-shaped dose
dependency for corticosteroids in the CA1 area (Joéls, 2006).

The second example concerns the rapid corticosteroid
actions in principal neurons of the basolateral amygdala (Karst
et al., 2010; Figure 2). Here, we found that corticosterone
application to slices prepared from naive mice at the trough
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of the circadian rhythm causes a rapid MR-dependent increase
in mEPSC frequency, similar to what had been observed in
the hippocampus, though more persistently. That is, once the
mMEPSC frequency had been increased by corticosterone in
amygdalar neurons, the mEPSC frequency remained high for
hours, whereas in the hippocampus the effects were transient.
When we wanted to wrap up that set of experiments on
rapid-onset corticosteroid actions in the BLA with a final test
of some MR- and GR-ligands, the most experienced electro-
physiologist in our lab, Henk Karst, was unable to reproduce
the earlier observed increase in mEPSC frequency. Had it
occurred to a less experienced experimenter, we would prob-
ably have endlessly repeated the experiments, until we could
reproduce the earlier results. However, coming from Henk
Karst, it simply had to be true! So, we started to wonder
what could have changed in the experimental conditions,
compared to the earlier measurements. Many possibilities
were considered: the chemicals in the buffer; the food in the
animal house; the supplier of the mice etcetera. Until we
realized that the only change that had taken place since the
earlier experiments was in the person taking care of the
animals: Recently, the former caretaker (a rather subdued
person) had retired and the new guy had started with gusto,
rattling the buckets and enthusiastically cleaning the cages.
We wondered if the mice, inadvertently, had been stressed?
To test this, we administered corticosterone to slices from
entirely naive (and unstressed) mice and compared these
with responses in slices from mice that had been stressed
prior to the slice preparation. And sure enough, if the mice
were stressed prior to slice preparation, a decrease rather
than increase in mEPSC frequency was observed. The for-
mer—contrary to the latter—was accomplished via a
GR-dependent pathway involving retrograde endocannabinoid
transport, similar to the PVN. In other words, in basolateral
amygdalar cells, corticosterone rapidly and persistently
increases excitability via an MR-dependent pathway, which
changes the state of these cells such that subsequent corti-
costeroid exposure induces a completely different effect. This
phenomenon of dependence of rapid corticosteroid responses
on the recent (stress) history of the individual was dubbed
“metaplasticity.” Metaplastic rapid corticosteroid signaling
turned out to be relevant for the overall excitability during
ultradian corticosteroid pulses, causing an increased excit-
ability with increasing amplitude of the ultradian pulses and,
conversely, decreased excitability when the amplitude of
pulses declines (Den Boon et al., 2019). Metaplasticity is also
important for the response to “normal” sequential waves of
stress mediators to which brain cells are exposed after stress,
since corticosterone actions in amygdalar neurons were also
found to depend on prior exposure to monoamines like nor-
adrenaline, acting via B-adrenoceptors (Karst & Joéls, 2016;
Figure 2). The susceptibility of basolateral amygdala neurons
to metaplastic corticosteroid actions gives them a special
position in the mediation of stress responses, with strong
and sustained responses after exposure to high sequential
doses of a B-adrenoceptor agonist and corticosterone, such
as may occur after a strong stressor. This could explain why
very emotional information is so well retained (LaLumiere
et al, 2017).
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It is the inquisitive mind that characterizes the true sci-
entist, and this is what Mary Dallman described so well in
2011:“..Unexpected results that change perceptions of how
‘the secret in the middle’ ... may pave the way to new under-
standing ..."
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