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The purpose of this study was to find out whether there was an adolescent neurochemical
plasticity in the bed nucleus of stria terminalis (BNST), especially the laterodorsal nucleus
(BNSTLD) that is involved in stress and anxiety responses. We also aimed to register if there
was any difference between the sexes. We chose to investigate the corticotropin-releasing
hormone (CRH), which is involved in stress responses. The laterodorsal nucleus has a lot of
CRH-expressing neurons, which are GABA-ergic. We observed that there was a preadolescent
sexual difference with a higher expression of CRH in females, while in males we found that the
expression of CRH increased in the pubertal period. Nevertheless after puberty such a difference
disappears. Our results suggest different stress susceptibility between sexes in the preadolescent
period, and could explain the inadequacy of stress coping in males during puberty.
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Introduction

The bed nucleus of stria terminalis (BNST) is involved in a wide variety of limbic
functions, in particular anxiety responses and addiction [1]. It is a complex structure,
and is considered to be part of the extended amygdala, and according to various authors
is made up of 12-18 subnuclei [6, 10]. The neurons of the BNST are mainly GABA-
ergic, although some glutamate-ergic ones can also be found [11]. The complexity of
the structure is further deepened by the co-expression of a variety of neuropeptides
[10]. One of the most commonly co-expressed neuropeptide in the BNST is the
corticotropin-releasing hormone (CRH). Indeed, the subnucleus with a major CRH
expression is the laterodorsal nucleus of BNST (BNSTLD) [5]. The CRH function is
to activate the hypothalamic-pituitary-adrenal axis in response to stress [4], albeit the
sex and age differences in the CRH expression in the BNST are not well investigated.
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Material and Methods

Adult (60 days old; female n=5 and male n=5) and pre-adolescent (20 days old; female
n=5 and male n=5) Wistar rats were used for the aim of this study. Pre-adolescent rats were
25-35 g of weight, and adults 230-260 g. The experiments were conducted in accordance
with the ethical guidelines of the EU Directive 2010/63/EU for the protection of animals
used for scientific purposes and permission from the Bulgarian Food Safety Agency for
working with the experimental animals with Ne 374 was issued. A minimum number of
rats were used to reduce the suffering and to fulfill the requirements for a good statistical
analysis. The animals were anesthetized intraperitoneally with Pentobarbital (35 mg/kg).
After that they were transcardially perfused with phosphate-buffered saline at a volume of
approximately 50 ml, which contained heparin at a concentration of 10 Ul/ml, followed
by 4% solution of formaldehyde at a volume of approximately 1L/kg. The speed of the
infusion was 20 ml/min and the pressure was 80-120 mmHg. After the perfusion, the
brains were excised, then sectioned, and put in the perfusion fixative for another 8-20
hours at 4°C for postfixation. Each brain was sectioned in two different planes, i.e. in the
coronal plane 2 mm posterior to the olfactory bulbs, and through the horizontal fissure.
Thereafter they were embedded in paraffin, and sliced on a microtome at a thickness of 6
um. Then immunohistochemistry was performed, using kit with DAB-detection system
(PolyQ Stain 2 step detection system goat anti-mouse/rabbit HRP, Peroxidase quench,
DAB kit; quartet GmBH). Briefly, after deparaffinization of the sections, the endogenous
peroxidase was blocked with the use of previously mentioned kit for 10 min, followed
by antigen retrieval using citrate buffer at 95°C for 20 min, and applying the primary
rabbit polyclonal antibody (dilution 1:50, Affinity Biosciences) incubated overnight at
4°C. Then the incubation with the secondary antibody from the kit was performed. The
visualization of the reaction was with DAB. All slides were proceeded simultaneously to
standardize the results. The ready slides were scanned using Olympus VS-ASW Image
Acquisition software. 20 images were taken from the BNSTLD and an average number of
600 neurons were examined. The images were turned black and white, and the intensity
of the immunoreaction was obtained using Fiji software, measuring the intensity of the
grey (from 0-black, to 255-white). To illustrate the distributional data we used Box and
Whiskers plot diagram, where the mean, the 75 and 25 percentile and the highest and
lowest measurements are presented. Statistical analysis was performed using T-test for
parametric data, which were checked with Kolmogorov-Smirnov test of normality. The
differences in the means were considered as statistically important only when the p-value
was under 0.05.

Results

By using immunohistochemistry in the BNSTLD, we found that reactivity for CRH in
the nucleus of preadolescent females was increased compared to preadolescent males.
Thus, expression was also seen in the males although to a lesser extent. The reaction
was mainly confined to the perikaryal cytoplasm (Fig. 1 a, b). On the other hand, the
immunoreaction for CRH in the nucleus of adult rats was evenly expressed in both
sexes (Fig. 1 ¢, d). It should also be noted that in the adult males in particular the
reaction was much more pronounced than in the younger species of the same sex.
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Fig. 1. Photomicrographs of immunohistochemical reaction for CRH at the level of BNSTLD.
Images (a) and (b) are sections from preadolescent male and female rats respectively. Images
(c) and (d) show sections of adult male and female animals respectively. It is clearly visible that
the reaction in preadolescent males is weaker than the preadolescent females and also than adult
males. In adults there is no visible sex difference in the CRH expression.

To check the statistical significance, we performed an analysis. The mean and the
standard deviation of the expression of CRH (mean grey values) in the BNSTLD of
the preadolescent male and female, and adult male and female rats were as follows:
193.59+3.71; 180.86+4.13; 182.06+6.54; 181.3445.71 (Fig. 2). After the statistical
analysis the following conclusions were made: the expression of CRH in the BNSTLD
was higher in adult than in preadolescent rats, but only in males (Fig. 3). Also, the
expression in preadolescent rats was higher in female than male rats, albeit in the adult
rats we found no difference between sexes. The statistical data and measurements are
presented in Table 1.
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Expression of CRH in BNSTLD in different age groups
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Fig. 2. Box and whiskers plot diagram representing the obtained data with the means, 25" and
75" percentile in the different age groups. On the vertical line the intensity of grey is shown
(from 0-black to 255-white). There is statistical difference between preadolescent males and
females and also between preadolescent males and adult males.
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Fig. 3. Linear graph representing the periadolescent dynamics in CRH expression in BNSTLD.
There is an obvious pubertal increase in CRH expression only in males, therefore the
preadolescent sexual difference disappears after puberty.
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Table 1. Statistical data from measurements of intensity of CRH imminoexpression of
corticotropin-releasing hormone (CRH) in laterodorsal nucleus of bed nucleus of stria terminalis
(BNSTLD).

Experimental group Mean Stal.ldi.lrd Kolmogor.ov-.Smirnov-
deviation criteria
Pre-juvenile male 193.5992 3.71 0.11437
Pre-juvenile female 180.86063 4.13 0.12447
Adult male 182.05597 6.54 0.1067
Adult female 181.3364 5.71 0.10833
Compared groups T-test value P — value
Preadolescent male / Adult male 8.40813 <0.00001
Preadolescent female / Adult female -0.36993 0.712781
Preadolescent male / Preadolescent female 7.70192 <0.00001
Adult male / Adult female 0.45408 0.65147
Discussion

BNST is the second major location of CRH-expressing neurons in the CNS after
the hypothalamus [5] in rats. Unlike the latter, in the BNST the CRH-expressing
neurons are GABA-ergic [5]. They are mainly located in the BNSTLD [3]. It is well
documented that overexpression of CRH in these neurons is present in chronic stress
[3, 12]. These cells are also implicated in reward responses since they send efferents
to the ventral tegmental area [7]. Moreover, early maternal separation is involved in
the overexpression of CRH [9]. Yu et al. [17] proved that CRH is overexpressed in
the rat BNST after pain stimulation in a sex-specific manner. The study demonstrates
that certain sex-specific peculiarities may exist in the CRH expression. Besides there
is evidence for the different CRH response in males and females after stress [2]. The
same review shows that females have a more increased anxiety-like behaviour after
CRH-exposure than males. It should be noted that most of the studies, however, were
performed in adult animals. Nonetheless, it is an emerging fact that the adolescent
period is the second major period for neuroplasticity in the brain after the neonatal
period [13] and it is also a period marked with significant behavioural changes [8].
Thus, we decided to check the periadolescent neuroplasticity in these neurons. Viau
et al. [16] found out that various CRH-expressing sites in the rat brain are influenced
differently by sex and age. The authors report age-related increased CRH mRNA
expression in females in the paraventricular hypothalamic nucleus, while the same
can only be observed in the central amygdala in males. Being part of the extended
amygdala, BNSTLD is greatly associated with the central amygdaloid nucleus,
classified as a central or lateral extended amygdala [6]. Therefore it is not surprising
that our results are identical to the literature. Sterrenburg et al. [14] proved that there
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is no sex difference in the CRH expression in BNSTLD in adult rats. In addition, early
life stress can induce adult overexpression of CRH [16], so hyper-responsiveness to
stress in females, proved in other brain areas [15], leads us to the conclusion that the
preadolescent overexpression of CRH in female rats causes hypersensitivity to stress
before puberty. Such hypersensitivity could have long-term effects. In addition, the
CRH pubertal changes in males may impact on their stress coping during the adolescent
period. Further experiments are needed in order to clarify the specific role of CRH
before and during puberty, and how this influences stress susceptibility and coping in
adult life.
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