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DESCRIPTION
MDD (Major depressive disorder) related cognitive impairment
is a leading cause of functional decline and morbidity worldwide. Furthermore, evidence suggests a strong link between depression and BDNF (brain-derived neurotrophic factor), a novel
pro-cognitive and neuroprotective molecule. Several clinical and
pre-clinical studies have shown that Repetitive transcranial magnetic stimulation (rTMS) significantly induces the expression of
the hippocampal BDNF that plays a critical role in MDD. Despite
these positive findings, there is still no proven non-invasive approach to evaluate the BDNF related synaptic effects of rTMS in
humans.
We summarized the underlying mechanisms of the neuroprotective and pro-cognitive effect of BDNF, which is induced by a region-specific rTMS approach. We have also evaluated the role of
Magnetic Resonance Spectroscopy in monitoring the BDNF related synaptic and metabolic responses after rTMS application in
MDD patients with cognitive dysfunction.
In our review, we have provided strong evidence that hippocampal BDNF could be a key molecule in mediating the neuroprotective and pro-cognitive effects of rTMS, while Magnetic Resonance
Spectroscopy might play a crucial role in monitoring the BDNF
related metabolic changes after rTMS application in MDD patients. Further specific designed studies are needed to enlighten
us on the time-dependent pro-cognitive correlates of the rtMS
application.

Major depressive disorder as a cognitive impairment
Depression is a frequent mood disorder characterized by significant dysfunction of neuroplasticity and oxidative balance (Yuluğ
B, et al., 2010; Corlier J, et al., 2020; Caglayan B, et al., 2019). This
is suggested by several observations that depression leads to decreased volume of the hippocampus, which is a critical region
responsible for core memory formation. Thus, rapidly increasing
data shows that depression is commonly associated with cognitive
dysfunction that significantly reduces the quality of life. Brain-derived neurotrophic factor (BDNF) is a well-known neuroprotective molecule that also exerts some pro-cognitive effects, making
it a well-candidate for depression-related cognitive dysfunction
(Yuluğ B, et al., 2010; Burak Y, et al., 2016). Thus, there is rapidly
increasing evidence showing that altered BDNF levels are associated with depression pathogenesis. Furthermore, decreased
BDNF expression in the hippocampal region has been shown to
play a critical role in cognitive impairment in MDD (Corlier J, et
al., 2020; Yuluğ B, et al., 2009). Since the hippocampus seems the
most significant region responsible for the memory impairment,
it is of critical importance to induce the BDNF and evaluate the
BDNF related hippocampal alterations with non-invasive neuroimaging methods.
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rTMS as a BDNF inducer in MDD and related cognitive impairment
There have been several extensive sample studies showing that
antidepressant treatment provided no improvement in multiple
domains of cognitive function in MDD (Shilyansky C, et al.,
2016). Furthermore, even some studies suggested that antidepressant medication might have detrimental effects on cognition
(Sneed JR, et al., 2010; Nagane A, et al., 2014). Considering all of
these findings, it is not unreasonable to assume an unmet need for
efficacious pro-cognitive treatment alternatives in MDD related
cognitive impairment. Repetitive transcranial magnetic stimulation (rTMS) is a feasible non-invasive brain-stimulation method
shown to be effective on various neurodegenerative diseases and
related symptoms (Yuluğ B, et al., 2010; Lapchak PA and Zhang
JH, 2017). However, despite its beneficial clinical effects, it is still
unclear how rTMS acts at the molecular level. Studies have suggested that rTMS might alter the electrophysiological correlations
such as Long-Term Potentiation (LTP) or long-term depression
leading to critical alterations in hippocampal synaptic connectivity (Yuluğ B, et al., 2010; Yulug B, et al., 2018). Animal studies
indicated that rTMS treatment-related cognitive improvements
were strongly associated with BDNF expression at mRNA and
protein levels (Yulug B, et al., 2016; Luftu H, et al., 2016). These
results are also consistent with studies showing that BDNF has
significant pro-cognitive effects (Yuluğ B, et al., 2009).
Beyond that, several studies in humans suggested that rTMS application leads to an antidepressant effect and increases cognitive
functions by improving the regional cerebral blood flow, glucose
metabolism, and electrophysiological responses (Yulug B, et al.,
2018; Yuluğ B, et al., 2009). However, it is worth mentioning that
most rTMS methods chosen for MDD treatment were applied to
the left Dorsolateral Prefrontal Cortex (DLPFC), which is easy to
stimulate. These studies finally have shown that DLPFC targeted
rTMS was a safe and efficacious treatment for depression (George
MS, et al., 2010; Carpenter LL, et al., 2012).
In contrast, there is relatively preliminary data showing that rTMS
could also improve cognitive functions in MDD (Kuroda Y, et al.,
2006; Fitzgerald PB, et al., 2009; Wajdik C, et al., 2014; Höppner J,
et al., 2003; O'Connor MG, et al., 2005; O'Connor MG, et al., 2016;
Moser DJ, et al., 2002; Salagre E, et al., 2017), that could be related
to the fact that hippocampus, a critical region responsible for core
memory formation, cannot be altered via superficial stimulation
approaches. In this respect, since the hippocampus is difficult to
stimulate with conventional rTMS methods due to its deep location, current regimens focusing on superficial brain regions
showing high connectivity with the hippocampus (Wang JX, et
al., 2014) confirmed that the stimulation of the hippocampus was
associated with significant improvement in memory functions.
However, although these studies revealed that inducing deeper located brain regions resulted in acute pro-cognitive effects; future
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studies involving MDD patients with cognitive pathology are needed.
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Magnetic resonance spectroscopy as a non-invasive imaging tool for
hippocampal metabolic alterations
The Magnetic Resonance (MR) metabolites NAA/Cr, NAA/Cho, and
Cho/Cr provide powerful information. Several studies have shown that
Magnetic Resonance spectroscopy is sensitive during neurodegenerative
diseases characterized by altered synaptogenesis and BDNF levels. For instance, decreased NAA during the progressive neurodegenerative phase
reflecting altered neuronal metabolism. Since NAA (N-Acetyl Aspartate) is
a well-known neuronal survival marker reflecting an intact mitochondrial
oxidative phosphorylation (Jenkins BG, et al., 2000) and synaptic integrity
(Maier M, et al., 1995), detecting the effect of BDNF on the synaptogenesis
in humans through measuring N-Acetyl Aspartate (NAA) levels by Magnetic Resonance Spectroscopy (MRS) (Jenkins BG, et al., 2000; Maier M,
et al., 1995) might be a novel approach for evaluating the rTMS-induced
hippocampal effects in MDD. Furthermore, while the only possibility to
detect the acute neuroprotective response after rTMS application is an invasive histopathological examination, Magnetic Resonance Spectroscopy
(MRS) may provide critical information regarding the pro-cognitive and
neuroprotective effects of rTMS on the hippocampus. To the best of our
knowledge, there is still no neuroimaging method that could detect the
BDNF response in the brain parenchyma (i.e., BDNF labelled imaging)
after rTMS application.
CONCLUSION
Beyond suggesting the pivotal role of BDNF in MDD and related cognitive impairment, our study indicates that BDNF may also be a potential
non-invasive treatment option in MDD. However, different hippocampal
oriented rTMS treatment protocols combined with MRS studies are crucial to understanding the underlying metabolic correlates of the pro-cognitive, antidepressant and neuroprotective effect of rTMS in MDD.
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