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ARTICLE INFO ABSTRACT

Keywords: The neurotrophic protein brain-derived neurotrophic factor (BDNF) plays a pivotal role in brain function and is
Brain derived neurotrophic factor (BDNF) affected by acute and chronic stress. We here investigate the patterns of BDNF and cortisol stress reactivity and
Cortisol

recovery under the standardized stress protocol of the TSST and the effect of perceived chronic stress on the basal
BDNF levels in healthy young men. Twenty-nine lean young men underwent the Trier Social Stress Test (TSST)
and a resting condition. Serum BDNF and cortisol were measured before and repeatedly after both conditions.
The perception of chronic stress was assessed by the Trier Inventory for Chronic Stress (TICS). After the TSST,
there was a significant increase over time for BDNF and cortisol. Stronger increase in cortisol in response to stress
was linked to an accelerated BDNF decline after stress. Basal resting levels of BDNF was significantly predicted by
chronic stress perception. The increased BDNF level following psychosocial stress suggest a stress-induced
neuroprotective mechanism. The presumed interplay between BDNF and the HPA-axis indicates an antago-
nistic relationship of cortisol on BDNF recovery post-stress. Chronically elevated high cortisol levels, as present in
chronic stress, could thereby contribute to reduced neurogenesis, and an increased risk of neurodegenerative

Hypothalamic-pituitary-adrenocortical (HPA)
axis
Trier Social Stress Test (TSST)

conditions in persons suffering from chronic stress.

1. Introduction

Stress-related disorders have emerged as a major health concern in
the early twenty-first century and have been linked to altered brain
function (McEwen, 2017; WHO, 2001). Acute and chronic stress affects
adult neurogenesis and activates a complex interplay of neural and
endocrine mechanisms (Chu et al., 2021; Egeland et al., 2015). Gluco-
corticoids (GCs), as a key part of the body’s stress response system, and
brain-derived neurotrophic factor (BDNF), with its multiple roles in the
nervous system, influence adult neurogenesis through their dynamic
interactions in the context of acute and chronic stress (Miranda et al.,
2019; Tsigos and Chrousos, 2002).

The neurotrophic protein BDNF plays a pivotal role in brain function
throughout life (Miranda et al., 2019). BDNF protects existing neurons
and synapses of the central nervous system (Acheson et al., 1995). In the
neurogenesis BDNF acts through the family of high-affinity tyrosine
kinase receptors i.e. the tropomyosin receptor kinase B (TrkB) receptor

(Tapia-Arancibia et al., 2004; Zigova et al., 1998). In addition to these
direct functions on neuronal structure, BDNF is known to contribute to
the regulation of eating behaviour and physical activity
(Tapia-Arancibia et al., 2004). In the hippocampus, BDNF is a key
molecule related to learning and memory (Miranda et al., 2019). BDNF
physiologically decreases with normal ageing (Erickson et al., 2010) and
the development of cognitive impairment is affected by chronic stress
(Wilson et al., 2007). Of note, altered BDNF were detected in different
diseases, including depression (Lee and Kim, 2010) and Alzheimer’s
disease (Mori et al., 2021).

Different studies suggested that both acute and chronic stress could
affect BDNF (Miranda et al., 2019). With regard to the acute stress,
BDNF increases have been observed in healthy adults in response to
acute psychosocial stress in the laboratory using the internationally
established Trier Social Stress Test (Hermann et al., 2021; Linz et al.,
2019; Meng et al., 2011). In animals, chronic stress caused a reduction in
neuronal Bdnf mRNA expression (Murakami et al., 2005) and BDNF
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protein levels (Gray et al., 2013). In line, decreases of BDNF levels were
reported in hospital employees who were psychologically stressed
through their work (Mitoma et al., 2008). There is also evidence of
decreased BDNF levels in stress-related disorders (Brunoni et al., 2008;
Schmitt et al., 2016). Thus, BDNF is a stress-dependent factor
(Jeanneteau et al., 2012).

Of note, BDNF appears to interact with the hypothalamic-pituitary-
adrenocortical (HPA)-axis, one of the major physiological stress sys-
tems. BDNF is expressed in the hypothalamus’s paraventricular nucleus
(PVN) (Castren et al., 1995), the upstream regulator of HPA-axis activ-
ity. In this brain area, corticotropin-releasing hormone (CRH) is a cen-
tral regulator of the stress response to mediate allostasis (McEwen,
1998). CRH stimulated the release of adrenocorticotropic hormone
(ACTH), which leads to secretion of cortisol and other GCs (Chrousos
and Gold, 1992). GC action on glucocorticoid receptors in the PVN are
crucial components of the negative feedback loop that controls HPA-axis
activity (Herman et al., 2016). Of notice, dysregulation of glucocorticoid
receptor function not only leads to a disturbed HPA-axis feedback loop
with an increase in CRH-expression but also causes an increase of hy-
pothalamic BDNF (Jeanneteau et al., 2012). This suggests a causal
suppressive impact of glucocorticoid signaling on BDNF expression or
release. Though, the relation between glucocorticoids and BDNF ap-
pears to be bi-directional, as intracerebroventricular BDNF injections
also increased the CRH mRNA signal and increased ACTH and cortico-
sterone levels (Givalois et al., 2004). How these mechanistic findings
translate into humans is still not fully clear. However, it is hypothesized
that the bidirectional interaction between BDNF and the HPA-axis may
play a role in modulating stress responsiveness and resilience in humans.
Dysregulation of this feedback loop could potentially contribute to the
pathophysiology of stress-related psychiatric disorders, such as depres-
sion and anxiety. Further research is needed to clarify the exact role of
these mechanisms in human physiology and their implications for
mental health (Binder and Nemeroff, 2010; Holsboer, 2000).

The HPA-axis regulates the acute and chronic stress response
through the secretion of glucocorticoids, the most important of which is
cortisol (Tsigos and Chrousos, 2002). While it is well established that
BDNF and cortisol levels increase in response to acute stress (Miranda
et al., 2019), how they interact under acute stress is less clear. As a
possible mechanism, Suri and Vaidya (2013) described that
stress-induced cortisol secretion has a downregulatory effect on BDNF
secretion.

Human studies have shown stress-induced increases in both cortisol
and BDNF in response to a psychosocial stressor (Hermann et al., 2021;
Linz et al., 2019; Meng et al., 2011). However, possible interactions
between BDNF and cortisol dynamics are not well-established. The three
previous studies on the topic employed diverse methodologies. Factors
like a single post-stress blood sample (Linz et al., 2019; Meng et al.,
2011), salivary cortisol measurements (Linz et al., 2019), and no distinct
analysis of BDNF/cortisol responses to stress and recovery (Hermann
et al.,, 2021; Linz et al., 2019; Meng et al., 2011) make it hard to
definitively determine their relationship.

Therefore, we aimed to clarify the patterns of BDNF and cortisol
stress reactivity and -recovery under the standardized stress protocol of
the TSST with repeated blood samples to determine cortisol and BDNF in
parallel. Based on the previous studies investigating BDNF and cortisol
stress reactivity (Hermann et al., 2021; Linz et al., 2019; Meng et al.,
2011), we hypothesized stress-induced increase of BDNF and cortisol
following the acute psychosocial laboratory stressor (Hypothesis 1).
Given the postulated downregulatory effect of stress-induced cortisol on
BDNF secretion (Linz et al., 2019; Suri and Vaidya, 2013), we hypoth-
esized that elevated post-stress cortisol levels downregulate BDNF levels
(Hypothesis 2). In view of the evidence of decreased BDNF levels in
persons experiencing chronic stress (Mitoma et al., 2008) and in in-
dividuals with stress-related disorders (Brunoni et al., 2008; Schmitt
et al., 2016), we hypothesized that chronic stress perception would be a
predictor of basal resting levels of BDNF (Hypothesis 3).
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2. Methods
2.1. Study participants

Twenty-nine healthy male individuals were recruited via electronic
tendering and notice boards at the Johannes Gutenberg University
Mainz. Study criteria were assessed by telephone interview using the full
Structured Clinical Interview (SCID; (Wittchen et al., 1997)) for the
Diagnostic and Statistical Manual of Mental Disorders (DSM-1V, (APA,
2000)). Exclusion criteria were acute or chronic medical illness, mental
disorders, medication or substance use, stressful life events in the past
six months (Caspi et al., 1996), being younger than 18 or older than 35,
and smoking more than ten cigarettes per day (Canals et al., 1997). Due
to known age and gender specific differences in BDNF levels (Chan and
Ye, 2017; Oh et al., 2016), only male participants aged between 18 and
35 years were included. The mean age of the participants was 24.34 +
4.08 years of age with a body mass index (BMI) of 22.94 + 1.61 kg/m?>.
A detailed description of all participants, including demographic data
and psychological status is given in Table 1. The study protocol was
approved by the local Ethics Committee of the Landesarztekammer
Rheinland-Pfalz, Germany (No#2019-14188).

2.2. Study design

Participants underwent two different conditions, stress and resting,
on separate days within a seven-day period. Both conditions started
between 2:00 p.m. and 5:00 p.m., and the order of testing was ran-
domized. Participants were asked to refrain from eating, drinking, and
smoking before and during the two-hour test session. To avoid a pain-
induced release of BDNF and cortisol, the intravenous cannula was
inserted 45 minutes before the first blood sample was taken. The
experimental protocol began with a 15-minute pre-session, which
included the collection of two blood samples. Participants then under-
went two 15-minute conditions: stress and rest. The stress condition was
the Trier Social Stress Test (TSST), following the Kirschbaum et al.
(1993) protocol. It consisted of three sections: preparation, interview,
and a calculation task, with each section lasting 5 minutes. In contrast,
during the resting condition, participants were given the opportunity to
read magazines. Cognitive appraisal was assessed three minutes after
the start of each condition using the Primary Appraisal Secondary
Appraisal (PASA) scale (Gaab, 2009). In addition, participants’
self-reported perception of stress was measured immediately after both
conditions using the visual analogue scale (VAS). After completing the
stress and resting conditions, participants remained in a supine position
on a bed for 105 min, during which nine blood samples were taken at
different time points: +1, +5, +10, +20, +30, +45, +60, +75, and
+105 minutes.

Table 1
Characteristics of the male participants.

Individuals (N=29)

Demographic data

Age (years) 24 (4)
Body mass index (kg/mz) 22.9 (1.6)
Smoking, n (%) 3(10)
Psychological Assessment

BDI 5.62 (4.67)
SCL Global Severity Index .36 (.29)
PSS 22.24 (6.78)
TICS-SCSS 12.10 (6.26)

FFKA - Total activity (min/day), M (SD) 219.07 (149.58)

Data are presented as mean (standard deviation)

BDI Beck Depression Inventory, FFKA Freiburg Questionnaire on Physical Ac-
tivity, PSS Perceived Stress Scale, SCL Symptom-Check-List-90-R, SCSS Subscale
of Chronic Stress, TICS Trier Inventory of Chronic Stress.
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Table 2
BDNF, cortisol, and subjective appraisal during rest and in response to the Trier
Social Stress Test.

Healthy Men (N=29)

Resting TSST Dependent Student
Condition t-test
Derived BDNF M (SD) M (SD) t P
parameters (pg/mL)
Peak 33565 37677 4.536 <.001
(10566) (10881) (d =.84)
Delta peak-Baseline 4264 (5459) 7673 (5488) 2514 <.01
(d =.47)
AUC; 21881 99503 2,555 <.01
(126123) (104316) (d =.47)
Derived cortisol
parameters (ng/mL)
Peak 57.31 (15.88)  92.20 7.831 <.001
(24.76) d=
1.47)
Delta peak-Baseline 4.96 (8.37) 40.08 6.736  <.001
(27.31) d=
1.27)
AUC; —90.23 757.66 5.870  <.001
(273.66) (689.28) d=
1.11)

Subjective Appraisal

PASA - Stress index ~268(1.28)  -054(1.39) 7.663 <.001
d=
~1.41)

VAS 41.35(11.23) 5851 (9.42) 8903  <.001
d=
—1.65)

AUC; incremental area under the curve with respect to increase, d Cohens d, M
Mean, PASA Primary Appraisal Secondary Appraisal, SD Standard Deviation,
VAS Visual Analogue Scale.

2.3. Blood analytics

Blood samples were collected in serum monovettes (S-Monovette®
7.5 mL Z, Sarstedt, Niimbrecht, Germany). After blood collection, the
monovettes were left at room temperature for 30 min to allow the blood
to coagulate. The monovettes were then centrifuged at 2500 g for 10 min
at 20°C, divided into aliquots and stored at —80°C. BDNF concentration
were determined by duplicate analysis using an enzyme-linked immu-
nosorbent assay (ELISA) (Human Free BDNF Quantikine ELISA Kit-R&D
Systems Europe, Ltd. Abingdon, United Kingdom). The detection limit of
BDNF was 20-42,580 pg/mL. The intra- und inter-assay coefficients of
variation of BDNF analyses were 5.0 % and 9.0 %, respectively. Serum
cortisol concentrations were determined by single analysis and quanti-
fied using a commercially available enzyme-linked immunosorbent
assay (ELISA) kit (IBL International GmbH, Germany). The detection
limit of cortisol was 4.03-800 ng/mL with an analytical sensitivity of
3.79 ng/mL. The intra- und inter-assay coefficients of variation of
cortisol analyses were 5.4 % and 6.6 %, respectively.

2.4. Questionnaires

The Beck Depression Inventory (BDI; (Beck et al., 1996)) was used to
assess the severity of depression. The inventory is based on 21 items with
a four-point rating scale from 0 to 3. The total score ranges from 0 and
63, with a higher total score indicating more depressive symptoms. The
Perceived Stress Scale (PSS; (Cohen et al., 1983)) measures the level of
stressful situations in one’s life during the previous month. The ques-
tionnaire consists of 14 items on a 5-point scale ranging from 1 ‘never’ to
5 ‘very often’. The Global Severity Index (GSI) of the Symptom
Checklist-90-Revised (SCL-90-R; (Derogatis, 1977)) was used to mea-
sure the perceived impairment through physical and psychological
symptoms. The screening subscale (SCSS) of the Trier Inventory for
Chronic Stress (TICS), developed by Schulz et al. (2004), was used to
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assess the level of chronic stress experienced in the previous three
months. Eleven items have to be answered on a five-point rating scale
ranging from ‘never’ (0) to ‘very often’ (4). The Freiburg Questionnaire
on Physical Activity (FFKA; (Frey et al., 1999)) was used to evaluate
daily total physical activity.

2.5. Statistical analysis

A power analysis calculated with the G*power program (version:
3.1.9.2.) (Faul et al., 2007) showed that to expect a medium effect size of
Cohen’s f =.25 for the outcome measure of BDNF, using a two-way
MIXED ANOVA for repeated measures as the statistical test to prove
interaction of within-factor time (measurement points —1, +1, +5, 410,
+20) and within-factor condition (stress vs. resting) with a significance
level of p =.05 and power of 80 % (1-p =.80), a total sample size of n =
22 participants would be required. The BDNF and cortisol data were
analyzed according to the normality of the distributions and, in case of
non-normally distributed data, were subjected to logarithm naturalis
transformations. Statistical analysis and visualization the data were
performed with SPSS Statistics version 27 (IBM, Chicago, IL, USA) and
Prism v.8.3.0 (GraphPad Software).

For the BDNF and cortisol response, the area under the curve with
respect to increase (AUCj) and the delta between peak and baseline (A
Peak-Base) were calculated (Fekedulegn et al., 2007; Pruessner et al.,
2003). All parameters (PASA, VAS, Cortisol-AUC], & Cortisol A
Peak-Base) were analyzed by two-factorial MIXED ANOVA for repeated
measurements with the within-factor condition (stress vs. resting) and
within-factor time. Further post-hoc analyses with dependent student
t-tests (Bonferroni correction) were performed to evaluate the differ-
ences along conditions and measurement points.

For the specification of the BDNF and cortisol stress reactivity and
recovery during the stress condition, the area under the curve with
respect to increase and decrease (AUC; /AUCp) were calculated using the
formulas of Pruessner et al. (2003). Stress reactivity was defined as the
incremental area under the curve from baseline to peak value. Stress
recovery was defined as the decremental area under the curve from the
peak value to the last measurement point. Both areas under the curve
were calculated individually for each subject based on the individual
peak values. The association between BNDF and cortisol stress reactivity
and recovery was tested using Pearson’s correlation test.

Regression was calculated to predict the influence of the subjective
chronic stress on the basal serum BNDF concentration (-1 min time
point) of the resting and stress condition.

3. Results
3.1. BDNF responses to acute stress compared to rest

Any influence of subjective physical activity on BDNF levels could be
excluded (ANCOVA interaction effect time x condition x physical ac-
tivity: F (4, 108) = 4.614, p =.22). BDNF levels were comparable before
both the stress and the resting condition (-1 min: ¢t (28) =.433, p =.67,
Fig. 1). ANOVA results indicated a significant effect of time over the five
measurement points (F (2.922, 81.820) = 8.110, p <.001, 2 =.225). There
was a significant main effect of condition on BDNF concentration, with
higher values in the stress induction condition compared to the resting
condition (F (1, 28y = 6.506, p <.05, #2 =.189) and a significant inter-
action effect time x condition (F (4, 112) = 5.532, p <.001, 42 =.165). In
line, peak concentrations in BDNF (t (28) = 4.536, p <.001, d =.84), the
absolute change in BDNF (t (28) = 2.514, p <.01, d =.47), and the in-
cremental AUC; (t (28) = 2.555, p <.01, d = —.47) were higher in the
stress condition compared to the resting condition.

3.2. Cortisol responses to acute stress compared to rest

Resting serum cortisol was comparable between the two study days
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Fig. 1. BDNF concentration during Trier Social Stress Test and resting condi-
tion in healthy men (N=29). Presented are means +/- SD. *: significant dif-
ference (p < 0.05) between TSST and resting condition analyzed by post-hoc
analyses with dependent student t-tests (Bonferroni correction). #: significant
differences (p < 0.05) between consecutive measurement points analyzed by
post-hoc analyses with dependent student t-tests (Bonferroni correction).

(-1 min: t (27) = —.089, p =.93, Fig. 2). There were significant time (F
(3.691, 99.653) = 63.186,p §.001, 7]2 :.701), condition (F 1,27) = 40.111,
p <.001, n2 =.598), and time x condition effect (F (4.125, 111.386) =
16.947, p <.001, n2 =.386) on serum cortisol. Peak cortisol (t (27) =
7.831, p <.001, d = 1.47), the absolute change in cortisol (t (27) =
6.736, p <.001, d = 1.27), as well as the incremental AUC; (t (27) =
5.870, p <.001, d = 1.11) were higher in the stress condition compared
to the resting condition.

3.3. Psychological responses to stress induction versus rest

Analyses of the two questionnaires showed that the TSST was suc-
cessful in inducing stress: male participants showed significantly higher
scores in the VAS (t (28) = 7.633, p <.001, d = 1.41) and on the tertiary
scale ‘stress index‘ of the PASA (¢t (28) = 8.903, p <.001, d = 1.65).

3.4. Association between BDNF and cortisol stress reactivity and their
recoveries

Regarding to the relationship between BDNF and cortisol reactivity/
recovery patterns, a negative significant correlation was found between
cortisol stress reactivity and BDNF stress recovery (r (26) = —.39, p
<.05). No significant correlation was found between BDNF and cortisol
stress recovery nor between BDNF stress reactivity and cortisol stress

Psychoneuroendocrinology 170 (2024) 107192

reactivity/recovery (see Table 3). With regard to the psychological
measures, there was only a significant correlation between cortisol stress
reactivity and the perceived stress scale (r (26) = —.42, p <.05; see
Supplemental Table 1).

3.5. Influence of chronic stress on basal BDNF

Chronic stress is a significant predictor of basal serum BNDF con-
centrations in both conditions (stress: F(1,27) = 4.320, Adj. RZ=.14,p
<.05; resting: F(1 27) = 4.483, Adj. R* =.14, p <.05). A higher chronic
stress is associated with an increase in basal serum BDNF concentration
and vice versa.

4. Discussion

We assessed the responses in BDNF and cortisol stress to a stan-
dardized stress task as well as their recovery. The applied stressor was
sufficient to induce robust increases in BDNF and cortisol, which was not
the case in the control condition. Interestingly, a strong cortisol response
to stress was linked to an accelerated BDNF decline post-stress.
Furthermore, higher chronic stress levels were linked to lower basal
BDNF.

The stress-induced increases in BDNF and cortisol in our current
study are well in line with earlier studies that also applied the TSST
(Hermann et al., 2021; Linz et al., 2019; Meng et al., 2011). The acti-
vation of the acute stress system activation triggers a cascade of physi-
ological changes, including the release of the stress hormone cortisol and
the upregulation of BDNF. The latter likely serves as a neuroprotective
mechanism to maintain brain health and cognitive function during stress
(Miranda et al., 2019).

The most important finding of our current study is the link between
the cortisol response to stress and the subsequent BDNF recovery. This
supports the hypothesis of Linz et al. (2019) of an antagonistic relation
between cortisol and BDNF in response to stress.

While animal models demonstrated an increase in both cortisol and
hippocampal Bdnf mRNA expression in response to short-term stressors
(Neeley et al., 2011). However, studies in animals furthermore
demonstrated that elevated stress cortisol levels decrease hippocampal
Bdnf mRNA expression (Hansson et al., 2006; Lee et al., 2008). This
mechanistic data together with our findings and those from Linz et al.
(2019), highlight a dynamic relationship between cortisol and BDNF
during stress. Initially, both factors increase in response to stress. Yet, as
the stress response concludes, GC signaling could suppress BDNF. One
possible explanation might be that this pattern suggests an adaptive
mechanism: an initial boost in BDNF could enhance cognitive function
and neural plasticity during stress, while its subsequent suppression by
GC signaling may help conserve energy and return the system to a
baseline state once the stressor has passed (Egeland et al., 2015; Suri and
Vaidya, 2013; Tsigos and Chrousos, 2002). By conserving energy and
reducing metabolic demands, this mechanism might protect the organ-
ism from the harmful effects of prolonged stress, thus balancing the need
for immediate cognitive enhancement with long-term homeostasis. A
further explanation might be that the GC-induced suppression of BDNF
during recovery could be disadvantageous, potentially impairing neural
protection and plasticity at a time when these processes are crucial for
recovery. Moreover, the GC-induced suppression of BDNF during re-
covery may hinder critical processes like neural protection and plas-
ticity, which are essential for effective recovery and long-term
resilience. Further research is necessary to fully understand the impli-
cations of GC-BDNF interactions during the stress response and recovery
phase.

Our data provide further support that high chronic stress perception
might be linked to low basal serum BDNF levels. A comparable cross-
sectional result of lower basal BDNF levels and higher psychological
job stress was also observed in hospital employees (Mitoma et al., 2008).
There is also evidence of decreased BDNF levels in individuals with
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Fig. 2. Cortisol concentration during Trier Social Stress Test and resting condition in healthy men (N=29). Presented are means +/- SD. *: significant difference (p <
0.05) between TSST and resting condition analyzed by post-hoc analyses with dependent student t-tests (Bonferroni correction). #: significant differences (p < 0.05)
between consecutive measurement points analyzed by post-hoc analyses with dependent student t-tests (Bonferroni correction).

Table 3
Pearson’s correlations (r) between BNDF and cortisol stress reactivity and stress
recovery.

BDNF stress reactivity BDNF stress recovery

AUG AUCp
Cortisol stress reactivity .35, —-.39,
AUC p=.07 p<.05
Cortisol stress recovery —.24, 13,
AUCp p=.11 p=.25

Data are presented as coefficient, p values; N=28
AUC; incremental area under the curve with respect to increase, AUCp decre-
mental area under the curve with respect to decrease

stress-related disorders (Brunoni et al., 2008; Schmitt et al., 2016).
McEwen’s allostatic load model suggests that ongoing stress harms brain
structures and overburdens the stress system, leading to prolonged high
cortisol levels (McEwen, 2017, 1998). These repeated elevations in
cortisol could decrease BDNF, affect neurogenesis, and contribute to
neurodegenerative diseases (Numakawa et al., 2017). Understanding
the effects of chronic stress on BDNF may help to develop interventions
and therapeutic strategies to mitigate the negative effects of chronic
stress on the brain and overall well-being (de Lima et al., 2022; Puhl-
mann et al., 2021).

A major strength of this study is the within-subjects design using the
standardized and reliable psychosocial stress test (TSST) and a resting
control condition regarding to the circadian rhythm of BDNF

(Begliuomini et al., 2008). In addition, there was a frequent assessment
of serum BDNF and cortisol to accurately measure stress-induced dy-
namics, including peaks and recovery processes.

However, the present study has some limitations. Given the known
age- and gender- specific differences in BDNF levels (Chan and Ye, 2017;
Oh et al., 2016), we limited our study to young male participants. Thus,
further research need to test our findings in women and older persons. In
the present study serum BDNF levels were measured, which is a common
highly reproducible method for BDNF quantification. It must be
considered that serum BDNF do not directly reflect BDNF regulation in
the hippocampus, because BDNF in the serum primarily originates from
peripheral sources like platelets (Klein et al., 2011). Furthermore, fac-
tors such as stress and physical activity can influence serum BDNF levels,
challenging their interpretation in relation to hippocampal BDNF
regulation (Filimonova et al., 2023; Puhlmann et al., 2021). Serum
cortisol analyses were performed with the precise and reliable ELISA
procedure. However, it must be taken into account that cortisol con-
centrations were determined using single analyses and not, as recom-
mended, using duplicate analyses, which may affect the measurement
accuracy and reliability.

In conclusion, the present study showed that acute psychosocial
stress increases serum BDNF and cortisol. The rise in cortisol appears to
regulate the decline in BDNF post-stress. Chronic stress could lead to
significant changes in BDNF in the circulation and presumably also in
the brain. These finding suggest a potential link between reduced neu-
rogenesis and an increased risk of neurodegenerative conditions in
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persons experiencing chronic stress. Future research could explore this
connection further, with a focus on developing interventions that may
counteract the negative effect of chronic stress on BDNF, potentially
offering long-term benefits for brain health and overall well-being.
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