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EDITORIAL COMMENT

Biomolecular Research on Electroconvulsive Therapy 
for Mental Disorders: State of the Art and Future 
Directions

Electroconvulsive therapy (ECT) has been used in psychiatry since the 1930s and, with sub-
stantial changes leading to much more refined techniques, it remains an important therapeu-
tic option for severe mental disorders such as drug-resistant mood disorders, schizophrenia, 
and catatonia.1 The unique role of ECT in the management of treatment-refractory psychi-
atric conditions is attributable to its potential higher efficacy over standard psychopharma-
cological treatments.1 Although data on efficacy and tolerability would support a broader 
administration, ECT is still underused in clinical practice for several reasons, including stigma, 
lack of knowledge of modern ECT techniques, and concerns about its safety, primarily regard-
ing cognition.1 Cognitive side effects – firstly memory loss – have been associated with neu-
ronal damage, possibly related to alterations of several mechanisms including neurogenesis, 
glial activity, neurotransmission, neuroinflammation, and oxidative stress response.2 In view 
of this, research has attempted to elucidate the precise mechanisms of action of ECT, even 
though the molecular changes underlying its efficacy and possible negative outcomes 
remain largely unclear.

The review by Atagün and Canbek,3 which is published in this issue, analyzes the effects of 
ECT on markers of oxidative stress in both experimental models and humans with major 
mental disorders, showing mixed and contrasting evidence. Whilst highlighting the short-
comings of the existing literature and the need for more research, the authors concluded 
that current findings do not clearly suggest an association of ECT with long-term oxidative 
sequelae, with changes in oxidant-antioxidant balance that seem to be acute and transient, 
apparently not causing durable damage to the brain.3

Beyond oxidative stress, several other biomolecular mechanisms have been proposed as 
underlying the biological response to ECT and its implications in terms of both efficacy 
and adverse effects. Immune-inflammatory response, putatively involved in multiple psy-
chiatric disorders, may represent a key mediator of the effects of ECT. Indeed, whilst being 
transiently amplified following a lone ECT session (likely as part of an acute stress reaction), 
immune-inflammatory response seems to be down-regulated at the end of a full treatment 
course, as shown by relevant fluctuations in the concentrations of inflammation-related 
biomarkers such as tumor necrosis factor alpha.2 In this regard, it has been hypothesized 
that an inflammatory stimulation might reinforce neurotrophin expression, suggesting that 
a targeted potentiation, rather than suppression, of inflammatory mechanisms may be of 
therapeutic relevance.4 ECT may induce alterations in the synthesis of neurotrophins that 
are indicative of neuroprotection and neuroproliferation. Neurotrophic effects of ECT have 
actually been claimed, putatively linking changes in neurotrophin concentrations to the 
therapeutic effectiveness of ECT and also suggesting them as possible markers of response 
to treatment.5 On the other hand, it has been postulated that neurotrophins, such as vascular 
endothelial growth factor and brain-derived neurotrophic factor, might play a mediating role 
in several mechanisms determining hippocampal volume possibly involved in ECT-induced 
neurocognitive changes.6,7 Similarly, the kynurenine pathway, which has been suggested as 
a possible common link between immune-inflammatory response, oxidative stress, glutama-
tergic neurotransmission, and neuroplasticity in schizophrenia and mood disorders,8,9 may 
be involved in the response to ECT. Although neurotoxic metabolites of the pathway, such 
as quinolinic acid, have been associated with cognitive dysfunctions, it has been shown that 
a treatment with ECT might actually shift tryptophan catabolism towards compounds with 
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neuroprotective properties such as kynurenic acid while decreasing 
the production of neurotoxic molecules.10

Nonetheless, the evidence on ECT-induced biomolecular changes 
remains limited, considering that most of the available studies are 
affected by small sample sizes and methodological heterogene-
ity. Available literature in this field highlights the undeniable need 
for further research aimed at better elucidating the neurobiologi-
cal underpinnings of ECT. Progress in the knowledge of oxidative, 
immune-inflammatory, and neurotrophic response to ECT may not 
only pave the way for a deeper insight into the biomolecular mecha-
nisms of action of ECT but also help overcoming controversies, mis-
understandings, and stigmatization of this treatment.

References

1.	 Kellner  CH, Obbels  J, Sienaert  P. When to consider electroconvulsive 
therapy (ECT). Acta Psychiatr Scand. 2020;141(4):304-315. [CrossRef]

2.	 Guloksuz S, Rutten BP, Arts B, van Os J, Kenis G. The immune system and 
electroconvulsive therapy for depression. J ECT. 2014;30(2):132-137. 
[CrossRef]

3.	 Atagün Mİ, Canbek ÖA. A systematic review of the literature regarding 
the relationship between oxidative stress and electroconvulsive therapy. 
Alpha Psychiatry. 2021. [CrossRef]

4.	 van Buel EM, Patas K, Peters M, Bosker FJ, Eisel UL, Klein HC. Immune and 
neurotrophin stimulation by electroconvulsive therapy: is some inflam-
mation needed after all? Transl Psychiatry. 2015;5(7):e609. [CrossRef]

5.	 van Zutphen  EM, Rhebergen  D, van Exel  E, et al. Brain-derived neuro-
trophic factor as a possible predictor of electroconvulsive therapy out-
come. Transl Psychiatry. 2019;9(1):155. [CrossRef]

6.	 Argyelan M, Lencz T, Kang S, et al. ECT-induced cognitive side effects are 
associated with hippocampal enlargement. Transl Psychiatry. 
2021;11(1):516. [CrossRef]

7.	 Van Den Bossche  MJA, Emsell  L, Dols  A, et al. Hippocampal volume 
change following ECT is mediated by rs699947 in the promotor region 
of VEGF. Transl Psychiatry. 2019;9(1):191. [CrossRef]

8.	 Bartoli  F, Cioni  RM, Callovini  T, Cavaleri  D, Crocamo  C, Carrà  G. The 
kynurenine pathway in schizophrenia and other mental disorders: 
insight from meta-analyses on the peripheral blood levels of tryptophan 
and related metabolites. Schizophr Res. 2021;232:61-62. [CrossRef]. 

9.	 Bartoli F, Misiak B, Callovini T, et al. The kynurenine pathway in bipolar 
disorder: a meta-analysis on the peripheral blood levels of tryptophan 
and related metabolites. Mol Psychiatry. 2021;26(7):3419-3429. 
[CrossRef]

10.	 Guloksuz S, Arts B, Walter S, et al. The impact of electroconvulsive ther-
apy on the tryptophan-kynurenine metabolic pathway. Brain Behav 
Immun. 2015;48:48-52. [CrossRef]

https://doi.org/10.1111/acps.13134
https://doi.org/10.1097/YCT.0000000000000127
https://doi.org/10.5152/alphapsychiatry.2021.21584
https://doi.org/10.1038/tp.2015.100
https://doi.org/10.1038/s41398-019-0491-9
https://doi.org/10.1038/s41398-021-01641-y
https://doi.org/10.1038/s41398-019-0530-6
https://doi.org/10.1016/j.schres.2021.04.008
https://doi.org/10.1038/s41380-020-00913-1
https://doi.org/10.1016/j.bbi.2015.02.029

