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HOW DOES ECT WORK? 

 Common, defensive answer: The mechanism of 
action of ECT is unknown, but a seizure is 
necessary for it to be therapeutic. 

 Comment: Would we say, “The mechanism of 
action of paroxetine is unknown, but serotonin 
reuptake inhibition is necessary for it to be 
therapeutic?” 

 People are used to receiving drugs, not electricity, 
as treatment. 



THE MECHANISM OF ACTION 
OF PAROXETINE 

 What is the mechanism of action of paroxetine? 

 SSRI, anticholinergic 

 Are synaptic explanations sufficient? 

 Is depression so simply understood? 

 What the drug does vs mechanism of action 

 There is a library of information about what ECT does 

 There are speculations about how ECT acts 



PURPOSE OF THIS 
PRESENTATION 

 To discuss ONLY histological explanations for the 
mechanism of action of ECT in depression and 
ECT-related amnesia. 

 This may represent a final common pathway. 

 There may be more than one final common pathway. 

 This can be communicated to professional 
colleagues, patients, and caregivers. 



LOBES OF THE BRAIN 

 Prefrontal 
cortex (PFC) 

 Dorsolateral 
PFC 

 Ventromedial 
PFC 

 Orbitofrontal 
PFC 



 



 



Hippocampus 

Amygdala 

Cingulate cortex 

AMYGDALA AND HIPPOCAMPUS 



SOME BASIC CONCEPTS 

 Hippocampus = dentate gyrus + Ammon's horn 
(CA4, CA3, CA2, CA1) + subiculum + 
presubiculum and parasubiculum. 

 Neurogenesis occurs in the subgranule layer of 
the dentate gyrus; the new cells migrate into the 
granule layer. 

 Granule cells of the DG send their axons (called 
"mossy fibers") to CA3.  



STRESS AND DEPRESSION 
(Andrade and Rao, Indian J Psychiatry 2010) 

 Stress and depression are associated with 
decreased neuroplasticity in the hippocampus and 
PFC, and increased neuroplasticity in the amygdala. 

 Preclinical and clinical evidence 

 Gross and microscopic evidence 

 Antidepressants reverse most of these changes. 

 Neurogenesis 

 Dendritic arborization, new synapse formation 

 Gliogenesis 

 Implications 



ECT AND NEUROPLASTICITY 
Hippocampus: 1 

 ECS induces nerve cell proliferation in the 
hippocampus. 

 The number of new neurons formed increases with 
an increase in the number of ECT. 

 The new neurons differentiate and survive for at 
least 3 months. 

 (Scott et al, Exp Neurol 2000; Madsen et al, Biol Psychiatry 2000; 
Hellsten et al, Eur J Neurosci 2002) 



ECT AND NEUROPLASTICITY 
Hippocampus: 2 

 Whereas glucocorticoids inhibit neurogenesis, ECS-
induced hippocampal neurogenesis occurs even 
after chronic treatment with cortisol. 
 

 This implies that ECT would stimulate hippocampal 
neurogenesis even in the presence of stress-
induced hypercortisolemia. 
 

 (Hellsten et al, Eur J Neurosci 2002) 



ECT AND NEUROPLASTICITY 
Hippocampus: 3 

 Whereas glucocorticoids also inhibit gliogenesis, 
ECS-induced hippocampal gliogenesis occurs even 
after chronic treatment with cortisol. 
 

 This implies that ECT would stimulate hippocampal 
gliogenesis even in the presence of stress-induced 
hypercortisolemia. 
 

 (Wennstrom et al, Biol Psychiatry 2002) 



ECT AND NEUROPLASTICITY 
Hippocampus: 4 

 ECS also stimulates vascular endothelial 
proliferation in the hippocampus. 

 This probably supports the new neurons and glia 
that are formed after ECS. 

 (Hellsten et al, Biol Psychiatry 2004; Newton et al, Eur J Neurosci 2006) 
 

 This endothelial response is due to the ECS itself, and not to 
the hypoxia associated with unmodified ECS (Hellsten et al, 

2005). 

 



ECT AND NEUROPLASTICITY 
Amygdala  

 Repeated ECS induces glial cell proliferation in the 
amygdala. 
 

 The proliferation remains evident 3 weeks later, 
when some of the new cells show differentiation 
into mature oligodendrocytes 
 

 (Wennstrom et al, Biol Psychiatry 2004) 



ECT AND NEUROPLASTICITY 
Prefrontal cortex and hypothalamus 

 Repeated ECS stimulates vascular and glial (but 
not neuronal) proliferation in the frontal cortex 
(Madsen et al, Neuropsychopharmacol 2005). 
 

 Repeated ECS-induced increase in neuronal 
activation and associated endothelial proliferation 
has also been recorded in the paraventricular 
nucleus, the supraoptic nucleus, and the 
ventromedial nucleus of the hypothalamus (Jansson 

et al, Biol Psychiatry 2006). 

 



AFTER 10 ONCE-DAILY ECT: 1 
(Chen et al, Eur Neuropsychopharmacol 2009) 

 ECT increased the volume of the granule cell layer 
and hilus of the dentate gyrus. 

 [No change in the volume of the pyramidal cell layer in CA1 
and CA2/CA3, or of the stratum radiatum in CA1.] 
 

 ECT increased the number of neurons in the 
granule cell layer. 

 [No change in the number of neurons in CA1 and CA2/CA3.] 



AFTER 10 ONCE-DAILY ECT: 2 
(Chen et al, Eur Neuropsychopharmacol 2009) 

 ECT increased the total number of synapses in CA1. 

 ECT increased the number and percentage of spine 
synapses in CA1. 

 [No change in the number of shaft synapses; decrease in 
the percentage of shaft synapses, indicating synaptic 
remodelling.] 

 Note: Excitatory synapses are mostly formed on dendritic 
spines; and spine synapses are architecturally more efficient 
than shaft synapses. 



AFTER 10 ONCE-DAILY ECT: 3 
(Chen et al, Eur Neuropsychopharmacol 2009) 

 Both perforated and nonperforated spine synapses 
were increased in CA1. 

 Note: Perforated synapses show greater synaptic efficiency; 
and they may split into two or more nonperforated 
synapses. 
 

 ECT increased synaptic height in CA1. 

 Note: Increased synaptic height may improve the efficiency 
of synaptic remodelling. 



 



 



 



 



ECT, Hippocampus, and 
Amygdala 

 Adult, male, Wistar rats 

 6 once-daily sham, 10 mC, or 40/60 mC ECS  

 Animals sacrificed 1 month after the last ECS 

 Hippocampus studied: 
 Pyramidal neurons in CA1: Light microscopy at 10x 

 BrdU staining in subgranular zone of DG: Light 
microscopy at 40x 

 Basolateral amygdala studied 
 Apical dendrite and nodes: Light microscopy at 40x 

 Synapses: Electron microscopy @ 11,000x and 30,000x 



 Pyramidal neurons 
showing dendritic 
arborization. 
 

 6 once-daily sham 
ECS 

 

 10x magnification 



 Pyramidal neurons 
showing dendritic 
arborization. 

 

 6 once-daily 10 mC 
ECT 

 

 10x magnification 



 Pyramidal neurons 
showing dendritic 
arborization. 
 

 6 once-daily 40 mC 
ECS 

 

 10x magnification 



 BrdU stained new 
cells formed in the 
subgranular zone of 
the dentate gyrus. 
 

 6 once-daily sham 
ECS 

 

 40x magnification 



 BrdU stained new 
cells formed in the 
subgranular zone of 
the dentate gyrus. 
 

 6 once-daily 10 mC 
ECS 

 

 40x magnification 



 BrdU stained new 
cells formed in the 
subgranular zone of 
the dentate gyrus. 
 

 6 once-daily 40 mC 
ECS 

 

 40x magnification 



HIPPOCAMPAL CHANGES AFTER 6 ONCE-
DAILY SHAM, 10 mC or 40 mC ECS 

 ECS is associated with dose-dependent: 

 Increase in dendritic arborization 

 Increase in new cell formation 

 [Differentiation of these new cells not studied] 

 Implications 

 Favors adaptative learning, coping? 

 Impairs memory by disturbing existing networks? 

 Mossy fibre sprouting may have the same effect 

 (Lamont et al, Br Res 2001; Akers et al, Science 2014) 



AMYGDALA CHANGES AFTER 6 
ECS: Sham, 10 mC, 60 mC 



AMYGDALA CHANGES AFTER 6 
ECS: Control, 10 mC, 60 mC 

 Squares/rectangles: Excitatory synapses  

 Circles: Inhibitory synapses 
 

 [Differentiation based on shape – circular vs 
elliptical or flattened] 



Sham ECS 

 



10 mC ECS 

 



60 mC ECS 

 



AMYGDALA CHANGES AFTER 6 
ECS: Control, 10 mC, 60 mC 

 Apical dendritic arborization: 60 mC <(10 mC=sham) 

 Dendritic nodes: Ditto 

 ECS: fewer excitatory, more inhibitory synapses. 

 Interpretation 

 High dose ECT may correct the aberrant amygdalar 
neuroplasticity that mediates fearful affect in depression 
and PTSD, thereby explaining the efficacy of this 
treatment in these disorders. 

 High dose ECT may obliterate the fearful affect 
associated with a stressor without affecting memory of 
the stressor. 



THE BOTTOMLINE 

 There is no convincing evidence that ECT induces 
structural brain damage. 
 

 There is strong evidence that ECT, as clinically 
practiced, is associated with wide margins of 
safety in matters such as stimulus parameters and 
seizure duration. 



THE BOTTOMLINE 

 There is strong evidence that ECT may be the 
most potent inducer of neuroplasticity in the brain, 
reversing the impaired neuroplasticity associated 
with stress, hypercortisolemia, and depression in 
critically important brain territories. 



OTHER ACTIONS AND 
MECHANISMS 

 A very large body of literature documents 
neurotransmitter, neurohormonal, ion channel,  
electrophysiological, neuroplastic, and other 
actions of ECT. 

 Assembling the jigsaw remains a challenge, much 
as it does for drug therapy. 

 Nevertheless, hypotheses have been constructed, 
e.g. for antidepressant, anticonvulsant, and 
amnestic effects. 



ANTICONVULSANT ACTION OF 
ECT 

 Six and 9 (but not 3) ECS increase Kv 7.2 and Kv 
11.1 mRNA in the piriform cortex. 

 Kv 7.2 mRNA is increased in the hippocampus, as 
well. 

 The increase persists for 7 but not 28 days. 

 These potassium channels stabilize membrane 
potential, regulate neuronal excitability, and may 
mediate the anticonvulsant action of ECT. 

 Hjaresen et al, Br Stim 2012 
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NIMHANS RESEARCH: 1 

 DA autoreceptors and postsynaptic receptors 

 Alpha-2 noradrenergic receptors 

 Time-dependent, dose-dependent, rate-of-
administration, duration-of-administration, and 
maintenance treatment issues 

 Antihypertensive and blood-brain barrier breach 
mechanisms of anterograde and retrograde 
amnesia 



NIMHANS RESEARCH: 2 

 Noradrenergic, nitric oxide, glucocorticoid, and 
glutamateric mechanisms of amnesia. 
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ENFIN… 

THANK 
YOU! 


