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A B S T R A C T

The bed nucleus of the stria terminalis (BNST) is a sexually dimorphic brain region which plays a key role in stress, anxiety, and anxiety-related disorders. Human
females have an increased susceptibility to anxiety-related disorders, however the physiological basis of this is not fully understood. Here we examined the effect of
the oestrous cycle and sex on the electrophysiological properties of Type I and Type II cells in the anterolateral area of the BNST (BNSTALG) in unstressed animals.
There was no significant effect of oestrous cycle on any of the parameters examined in either cell type. Compared to males, the female cohort had lower capacitance
in Type I cells while having a higher capacitance in Type II cells. Type II cells also displayed decreased excitability in the female cohort. In order to confirm the effect
of these populations on stress and anxiety, a correlation with behaviour on the elevated zero maze was carried out. We observed that increased excitability in Type II
neurons correlated with a decrease in anxiety-like behaviour. These sex-specific differences in excitability may contribute to altered susceptibility to anxiety-related
disorders.

1. Introduction

Chronic stress and anxiety are placing increasing burdens on the
economies of western societies (Kessler et al., 2001). A number of the
detrimental effects of chronic stress are mediated via the hypothalamic-
pituitary-adrenal (HPA) axis originating from the paraventricular nu-
cleus (PVN). A key source of stress-related responses is the limbic
system however there are no extensive connections between higher
limbic system structures, such as the hippocampus or the medial pre-
frontal cortex, and the PVN. Instead connections are relayed through
intermediate brain regions, a key one of which is the bed nucleus of the
stria terminalis (BNST).

Classically, the BNST has been hypothesised to mediate “sustained”
fear and/or anxiety after repeated stressors, as well as contextual cues
that predict aversive and/or stressful stimuli (Davis et al., 2010) how-
ever a number of more recent studies have highlighted the central role
of the BNST in learned fear (Moaddab and Dabrowska, 2017; Janeček
and Dabrowska, 2018), indicating that the BNST and the amygdala
work together to process fearful stimuli (Shackman and Fox, 2016). Due
to the central role of the BNST in stress processing it has been im-
plicated in a number of anxiety-related disorders including general
anxiety disorder (GAD) (Pigott, 2003; Conrad et al., 2011; Yassa et al.,
2012), drug addiction (specifically stress-induced relapse) (Shaham
et al., 2003; Dumont et al., 2005; Li et al., 2012; Jennings et al., 2013)
and post-traumatic stress disorder (PTSD) (Hammack et al., 2012;

Lebow et al., 2012; Janitzky et al., 2015; Rodriguez-Sierra et al., 2016).
Anxiety-related disorders show a significantly higher rate of in-

cidence in females relative to males, with some estimates putting rates
of PTSD in females at twice that observed in males (Kessler et al., 1995;
Breslau and Kessler, 2001). While societal effects may contribute to
such elevated rates, alterations in underlying neurological stress pro-
cessing may also be involved. In this regard it is important to note that
the BNST is a sexually dimorphic brain region in both humans and
rodents (del Abril et al., 1987; Malsbury and McKay, 1987; Hines et al.,
1992; Wittmann and McLennan, 2013). Moreover, it plays a role in
sexual identity (Hines et al., 1992; Kruijver et al., 2000) and sex-specific
behaviours. These behaviours include maternal behaviour (Klampfl
et al., 2014, 2016), aggression in males (Trainor et al., 2010; Masugi-
Tokita et al., 2016), sexual behaviour (He et al., 2013; Maejima et al.,
2015) and sex-specific responses to stressors (Greenberg et al., 2014;
Janitzky et al., 2014).

The BNST is comprised of a number of anatomically defined sub-
regions (Dong et al., 2001b, 2001a). One such subdivision is the ante-
rolateral area of the BNST (BNSTALG), a region with extensive connec-
tions to the PVN that has been strongly implicated in anxiety-related
response (Hammack et al., 2007; Daniel and Rainnie, 2015). There are
three neurophysiologically distinct cell types in the BNSTALG which
were first described by Hammack et al. (2007). While the physiological
roles of these cell types have yet to be fully determined, a recent review
of existing data hypothesised the role that each of these cell types fulfil.
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