
Central Annals of Psychiatry and Mental Health

Cite this article: Anderson G (2026) Borderline Personality: Roles of Melatonin, Oxytocin, Opioidergic System and Vagal Nerve in the Night-Time Dampening 
and Resetting of Mitochondria Underpin Ketamine Treatment Efficacy. Ann Psychiatry Ment Health 14(1): 1212.

*Corresponding author
George Anderson, CRC Scotland & London, UK

Submitted: 31 January 2026
Accepted: 03 March 2026
Published: 04 March 2026

ISSN: 2373-9312

Copyright
© 2026 Anderson G

 OPEN ACCESS 

Keywords
•	Borderline Personality
•	Astrocytes
•	Mitochondria
•	Depression
•	Melatonin
•	Humanin
•	Ketamine
•	Treatment
•	Preconditioning
•	Microglia

Abstract

Borderline personality disorder (BPD) is a distressing condition with a symptomatology that includes increased sensitivity to social rejection, self-injury and 
subjective feeling of dysphoria. People classed with BPD often meet criteria for Major depressive disorder (MDD). BPD is still conceptualized in psychological 
terms as is its treatment. This article looks to define BPD on the basis of pathophysiological processes that overlap with those of depression by highlighting 
the role of astrocyte mitochondria dysregulation, particularly at sites of increased blood-brain barrier (BBB) permeability. The efficacy of ketamine as a 
fast-acting antidepressant in the treatment of MDD and BPD gives some indication as to the core changes pertinent to BPD and MDD pathophysiology. 
Although classically conceptualized as a post-synaptic N-methyl-d-aspartate receptor (NMDAr), antagonist, recent work shows ketamine to have direct effects 
on mitochondrial function. Being amphiphilic, ketamine can readily cross the BBB with astrocytes being the first CNS cell encountered. It is proposed that 
ketamine acts on the astrocyte mitochondrial inner membrane NMDAr. As ketamine has a short half-life, low dose ketamine has transient stress effects on 
mitochondrial function that leads to a preconditioning type effect by increasing mitochondrial resilience to subsequent challenges/stressors. This involves the 
upregulation of mitochondrial melatonin and humanin in astrocytes, which re-establish astrocyte function and also act extracellularly to dampen inflammation 
and oxidative stress in microglia, neurons and white matter oligodendrocytes. Pathophysiological changes in BPD (and MDD) are derived from suboptimal 
astrocyte mitochondrial function at sites of increased BBB permeability, including the medial prefrontal cortex (mPFC). When mPFC astrocyte metabolic function 
is restored, the mPFC re-establishes negative feedback on amygdala activity.

Importantly, the heightened heterogeneity of BPD and MDD may be overcome by targeting this important common hub for the diverse pathophysiological 
processes underpinning biological heterogeneity. This has numerous future research and treatment implications.

Review Article

Borderline Personality: Roles 
of  Melatonin, Oxytocin, 
Opioidergic System and Vagal 
Nerve in the Night-Time 
Dampening and Resetting 
of  Mitochondria Underpin 
Ketamine Treatment Efficacy
George Anderson*
CRC Scotland & London, London UK

INTRODUCTION

Borderline personality disorder (BPD) is typically 
conceptualized as having its pathophysiological roots in 
early developmental processes, including prenatal, early 
postnatal and childhood stressors/trauma that change 
subsequent responses to subsequent stress [1,2]. BPD is 
typically defined as an increased sensitivity to perceived 
social rejection, whereafter dysphoria and self-injurious 
behaviors are more likely to develop. BPD also increases 
the likelihood of being classified with other poorly 
defined medical conditions, including Bipolar disorders 
[3], and addiction [4], but especially major depressive 

disorder (MDD). Addiction often emerges as a form of 
self-medication due to poorly targeted pharmaceutical 
treatments.

BPD pathoetiology and pathophysiology have 
been relatively little investigated, compared to other 
neuropsychiatric conditions with a similar prevalence, 
such as schizophrenia.

Consequently, BPD is psychologically defined and 
treated, usually with dialectical behavior therapy [5]. 
However, there are indicants of pathophysiological change 
in BPD, including suppressed serotonin and oxytocin 
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levels [6,7]. As oxytocin is a positive allosteric modulator 
of the mu-opioid receptor [8], and the kappa-opioid 
receptor [9], a growing body of data has emerged on the 
role of the opioidergic system in BPD, where a decreased 
β-endorphin activation of the mu-opioid receptor may be 
coupled to an increased dynorphin activation of the kappa-
opioid receptor [1]. BPD pathophysiology is consistent 
with increased dynorphin at the kappa-opioid receptor in 
the basolateral amygdala, leading to feelings of dysphoria 
[1]. Pro-inflammatory cytokines, especially IL-6 and tumor 
necrosis factor (TNF)-α, are markedly increased in BPD, 
coupled to raised levels of oxidative stress and decreased 
levels of brain-derived neurotrophic factor (BDNF) [10,11] 
indicative of a role for inflammatory and oxidative stress 
processes in BPD pathophysiology. This parallels similar 
changes in MDD [12].

A growing body of data across diverse medical 
conditions has highlighted the importance of alterations 
in night-time dampening and resetting by melatonin 
and cortisol, with variations in the melatonin/cortisol 
ratio at night changing how body cells and systems are 
reset in preparation for the coming day. This is pertinent 
in neurodegenerative conditions such as Alzheimer’s 
disease [13], and amyotrophic lateral sclerosis [14], as 
well as cancer [15,16], cardiovascular diseases [17], and 
neuropsychiatric disorders [18]. Typically, an increase in 
pro-inflammatory cytokines increases gut permeability 
and circulating lipopolysaccharide (LPS), with both LPS and 
pro-inflammatory cytokines decreasing pineal melatonin 
production, thereby contributing to a heightened influence 
of cortisol in dampening and resetting for the coming day 
[13]. Gut dysbiosis and increased gut permeability are 
evident in BPD and therefore closely intertwined with 
alterations in night-time dampening and resetting [1].

The relevance of alterations in night-time dampening 
and resetting is most clearly highlighted over the course of 
aging arising from the 10-fold decrease in pineal melatonin 
at night between the second and ninth decade of life [19]. 
Suppressed pineal melatonin in the first half of sleep over 
aging has significant consequences for the subsequent 
rise in cortisol in the second half of sleep, which typically 
peaks around wakening, namely the cortisol awakening 
response (CAR), which is an integral aspect of the circadian 
rhythm [20]. However, many other conditions and factors 
can suppress pineal melatonin, including type 2 diabetes 
mellitus (T2DM), obesity, pro-inflammatory cytokines, 
stress-induced cortisol and a leaky gut/LPS as well as factors 
influencing the availability of the tryptophan-melatonin 
pathway such as hyperglycemia induced methylglyoxal 
[21]. T2DM, obesity, pro-inflammatory cytokines, stress-
induced cortisol and increased gut permeability/dysbiosis 

are all increased in BPD [22-24], and may function as 
‘aging accelerators’ by suppressing pineal melatonin and 
therefore attenuating the resetting and optimization of 
mitochondria function during sleep [25]. Suboptimal 
mitochondrial function underpins the majority of raised 
oxidants that drive inflammatory processes, typically 
linked to increased NFκB, cyclooxygenase (COX)2 and 
induced nitric oxide synthase (iNOS) levels, as found in 
BPD [26], with raised NFκB showing a significant positive 
correlation with impulsivity scores in BPD. Overall, BPD 
pathophysiology may be intimately linked to processes 
underpinning ‘accelerated aging,’ including alterations 
in night-time dampening and resetting of mitochondrial 
function.

This article therefore provides a conceptualization of 
BPD that involves interactions of pineal melatonin and 
adrenal cortisol at night in the modulation and resetting 
of astrocyte mitochondrial function, with significant 
consequences for patterned inter-area communication 
across the brain. This has a number of consequences for 
other factors and systems that can achieve resolution of 
inflammation, oxidative stress and psychological stress, 
including oxytocin, the opioidergic system and vagal 
nerve activation. Given the strong overlaps of BPD with 
MDD and the fast-acting efficacy of low-dose ketamine in 
the management of MDD [27], and BPD [28], the effects 
of ketamine on astrocyte mitochondrial function are 
highlighted to provide a framework to understand core 
processes pertinent to BPD and its strong association with 
stress and MDD.

Next, night-time processes are briefly reviewed, including 
their potential relevance in BPD early developmental 
pathoetiology and ongoing pathophysiology.

NIGHT-TIME DAMPENING AND RESETTING

The pairing of melatonin in the first half of sleep with 
rising cortisol in the second half of sleep does not seem 
to be an evolution driven coincidence. Melatonin in the 
first half of sleep may dramatically influence the effects 
of rising cortisol in the second half of sleep. Melatonin, 
like gut microbiome derived butyrate, suppresses the 
glucocorticoid receptor (GR)-α nuclear translocation from 
its cytoplasmic complex with heat shock protein (hsp)90 
and p23 [29,30]. Melatonin also acts on the adrenal cortex 
to suppress cortisol production [31]. Most data on cortisol 
effects have investigated the cytoplasmic GR-α. However, 
the GR-α may also be expressed on the plasma membrane, 
mitochondrial membrane and mitochondrial matrix [32], 
with increased cortisol acting to induce the GR-β, allowing 
cortisol to have diverse effects.
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Whether the melatonin ‘prewash’ in the first half 
of sleep regulates GR subtypes and sites of localization 
is unknown and requires experimental investigation. 
However, although from data restricted to the cytoplasmic 
GR-α, it is clear that the dramatic loss of melatonin over 
aging and aging-accelerating conditions can change the 
consequences of the subsequent cortisol rise at night that 
peaks in the morning CAR.

Consequently, numerous diverse medical conditions 
are associated with accelerated aging [33-36], including 
BPD [37]. This is typically linked to decreased pineal 
melatonin and circadian dysregulation that is coupled to 
hypothalamic-pituitary-adrenal (HPA) axis dysregulation, 
as in BPD [38,39]. Aging-accelerating conditions are 
invariably linked to gut dysbiosis and increased gut 
permeability, which are mediated at least partly by the 
attenuation of melatonin’s maintenance of the gut barrier. 
This allows raised circulating LPS to suppress pineal 
melatonin production [40], whilst increasing adrenal cortex 
cortisol production, especially in the presence of obesity 
[41]. The suppression of pineal melatonin availability by 
aging accelerators therefore has a number of systemic and 
CNS consequences that contribute to alterations in diverse 
systemic processes, which ultimately act on mitochondrial 
function.

Alterations in night-time processes pertinent to BPD 
are shown in Figure 1.

MITOCHONDRIA AND BLOOD-BRAIN BARRIER 
PERMEABILITY

Recent work indicates that night-time/sleep processes 
prioritize resetting mitochondrial function via increased 
mitochondrial fusion following daytime activities and 
various stressors that increase mitochondrial fission [25]. 
This is pertinent in CNS as well as in wider systemic cells 
and systems. Within the CNS, suppressed pineal melatonin 
leads to suboptimal glymphatic system function, which 
is the brain’s night-time debris collection system that 
is driven by melatonin increasing aquaporin (AQP)4 on 
astrocytic end-feet [42]. Decreased pineal melatonin is 
also associated with increased blood-brain barrier (BBB) 
permeability, which is evident in BPD and in conditions 
of emotional dysregulation [43] as well as in the highly 
comorbid MDD [44,45]. As noted, BPD pathophysiology is 
complicated by the very common co-occurrence of MDD 
(up to 80%) [44], where increased BBB permeability is 
evident [45].

However, the overlaps of BPD and MDD likely 
reflect significant pathophysiological overlaps linked to 
alterations in stress/cortisol responsivity and attenuated 
pineal melatonin production at night in both conditions. 
Decreased glymphatic system function and increased BBB 
permeability are both linked to decreased pineal melatonin 
and may be important aspects of BPD and MDD as well as 
to their comorbidity.

MDD is typically associated with increased BBB 
permeability in the medial prefrontal cortex (mPFC), 
hippocampus, amygdala, thalamus and white matter, 
which significantly correlate with depression severity 
[46]. Dysregulated astrocyte functioning at these sites is 
accompanied, if not driven, by suboptimal mitochondrial 
function, as indicated by clinical and preclinical data, 
especially in the mPFC, showing reduced astrocyte density, 
altered morphology/signaling, attenuated ATP release 
and dysregulated Ca2+signaling [47-49]. This is most 
clearly shown in corticosteroid induced stress models 
preclinically [47], highlighting the powerful role of stress 
and the early developmental alterations in the wider HPA 
axis in both MDD [50] and BPD [51].

The mediating effect of suboptimal mitochondrial 
function in mPFC astrocytes in driving stress-driven 
mood dysregulation is supported by data showing that 
both optogenetic and chemogenetic activation of mPFC 
astrocytes increases the social rank of subordinate 
rodents, improves mood and mPFC excitatory/inhibitory 
ratio, in part by enhancing levels of excitatory amino acid 
transporter (EAAT) levels and therefore glutamate uptake 

Figure 1 Night-time dampening and resetting. Shows pineal melatonin 
at night to be suppressed by a wide array of factors, including aging and 
aging accelerating conditions such as obesity, T2DM, leaky gut/LPS, and pro-
inflammatory cytokines. Methylglyoxal, IDO and TDO decrease tryptophan 
availability to initiate the tryptophan-melatonin pathway. This has consequences 
for CNS and systemic processes as sleep is a period where mitochondrial 
function is reset via melatonin driven mitochondrial fusion following daytime 
stressors that induce mitochondrial fission. Suboptimal mitochondrial function 
may be a core aspect of BPD. 

Abbreviations: IDO: indoleamine 2,3-dioxygenase; LPS: lipopolysaccharide; 
pSTAT3Ser727: phosphorylated Signal transducer and activator of transcription 
3; T2DM: type 2 diabetes mellitus; TDO: tryptophan 2,3-dioxygenase.
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[52]. Alterations in glutamatergic activity in the MDD PFC 
are therefore regulated, if not determined, by alterations 
to astrocyte metabolism.

Investigations as to sites of increased BBB permeability 
in BPD still await investigation. However, imaging studies 
show that emotion dysregulation, deficits in social 
cognition, and skewed self-referential processing are 
associated with mPFC functional and structural alterations 
[53]. As the PFC negatively feeds back on heightened 
amygdala activity during emotion processing [54], the 
dysregulated function of the mPFC in BPD and MDD 
can lead to prolonged and heightened amygdala driven 
emotional influence on thought and behavioral outputs. 
This is typically modelled as further increasing subjective 
stress, leading to a maintained cortisol-linked deficit in 
astrocyte mitochondrial function in the mPFC [54]. The 
fast-acting benefits of ketamine shine some light on the 
core changes that may be occurring.

KETAMINE AND MITOCHONDRIA

Recent work indicates that ketamine efficacy as a 
fast-acting antidepressant arises from direct effects on 
mitochondria [55], which subsequent work proposes to be 
mediated by ketamine effects in astrocyte mitochondria, 
including via the inner mitochondrial membrane N-methyl-
d-aspartate receptor (NMDAr) [56]. As ketamine has a 
very short half-life [57] and is amphiphilic and able to 
cross both the plasma membrane and mitochondria bilipid 
membranes into mitochondria, low dose ketamine induces 
a mild and transient stress in mitochondria that better 
optimizes subsequent mitochondrial function. Ketamine 
may therefore precondition mitochondria to enhance 
their subsequent tolerance to more severe stressors/
challenges [56]. Notably, mitochondrial dysfunction is 
also evident in BPD and correlates with acute clinical 
severity [58]. Ketamine also has utility in BPD, although 
typically administered to alleviate the depression that 
highly correlates with BPD symptomatology [28]. Sites 
of increased BBB permeability in MDD and BPD, such as 
cortisol/stress driven changes in the mPFC, allow ketamine 
to have heightened access at these sites.

As astrocytic end-feet enwrap brain endothelial cells, 
astrocytes are highly likely to be the first cells that ketamine 
encounters as it crosses into the CNS. Although astrocytes 
do express a plasma membrane NMDAr, this tends to be 
peri-synaptically localized, suggesting that ketamine entry 
into astrocytes is likely to result in translocation into 
mitochondria. By acting on the astrocyte mitochondrial 
inner membrane NMDAr, an initial, transient ionic 
dysregulation in mitochondria leads to a preconditioning 
‘bounce back’ that optimize mitochondrial and astrocyte 

function, and therefore local neuronal regulation and 
the re-establishment of patterned inter-area neuronal 
communication. Astrocyte mitochondrial function may 
therefore be an important hub in both MDD and BPD, 
perhaps especially in the mPFC, but also in the amygdala, 
hippocampus, thalamus and white matter sites. These are 
the CNS sites upon which cortisol/stress and inflammation 
may act, which ketamine can reverse by preconditioning 
astrocyte mitochondria.

Although acting directly on mitochondria, the 
heightened ketamine effects at sites of increased BBB 
permeability to optimize astrocyte function, change the 
inter-area patterned neuronal activity in the CNS.

REFRAMING WIDER BORDERLINE PERSONALITY 
DISORDER PATHOPHYSIOLOGY

Decreased pineal melatonin at night not only deprives 
the body and brain of a powerful antioxidant, antioxidant 
inducer, anti-inflammatory and optimizer of mitochondrial 
function [59], but also limits the capacity of melatonin to 
suppress the GR-α nuclear translocation as well as the 
melatonin induction of paraventricular nucleus (PVN) 
oxytocin, thereby decreasing the stimulatory effects of 
melatonin and oxytocin on the vagal nerve. The vagal nerve 
is another important mediator of dampening and resetting, 
including at night. Vagal stimulation by melatonin and 
oxytocin is in contrast to heightened cortisol levels/effects 
that suppress vagal nerve activation [60,61].

It is the heightened stress/cortisol activation of 
the GR-α in the central amygdala (CEA) that increases 
corticotrophin releasing hormone (CRH), which drives 
the induction of dynorphin and kappa-opioid receptor 
activation in the basolateral amygdala (BLA) leading to a 
state of dysphoria [62]. Melatonin (and other PVN oxytocin 
inducers) upregulate oxytocin induction, which activates 
the astrocyte oxytocin receptor in the CEA, thereby 
preventing the cortisol/GR-α activation from upregulating 
the BLA CRH/dynorphin/kappa-opioid receptor/
dysphoria pathway. Dysregulated night-time processes 
may be intimately linked to classical BPD pathoetiology 
and pathophysiology, in the amygdala, mPFC and vagal 
nerve. This is parsimonious with the growing body of data 
on the role of circadian and developmental processes in 
BPD [38].

Suppressed pineal melatonin also increases gut 
dysbiosis and gut permeability, which are evident in BPD 
[23]. The suppression of the gut microbiome derived 
short-chain fatty acid, butyrate, in the course of gut 
dysbiosis, also disinhibits the GR-α nuclear translocation 
and therefore heightens cortisol and cortisol/stress effects 
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across CNS sites [63]. The suppression of butyrate and 
melatonin also has significant negative consequences 
for mitochondrial function [64]. Both melatonin and 
butyrate increase mitochondria-located sirtuin-3, which 
increased mitochondrial oxidative phosphorylation and 
decreases oxidant production by the electron transport 
chain [Ca65valiere et al., 2022]. Sirtuin-3 is also associated 
with slowing aging processes and increasing longevity, 
with its decrease in MDD [66], and possibly BPD, which 
still awaits investigation. The optimization of sirtuin-3 
and mitochondrial function by melatonin and butyrate 
are in contrast to cortisol effects at the GR-α, as shown in 
other cell types [67], with sirtuin-3 therefore providing 
a physiological substrate on which aging-accelerating 
conditions may act as well as giving a physiological 
substrate to the putative role of cortisol/stress in BPD 
pathophysiology via mitochondrial alterations [58]. 
The suppression of melatonin and oxytocin coupled to 
increased cortisol/stress effects powerfully interact with 
the function and efficacy of the vagal nerve in BPD [68].

The vagal nerve is the parasympathetic nervous 
system branch of the autonomic nervous system. When 
stimulated, e.g., by melatonin or oxytocin, the vagal nerve 
releases acetylcholine (ACh), which activates a number 
of acetylcholine receptors, although the dampening and 
inflammation resolution effects of the vagal nerve may 
be primarily mediated via alpha-7 nicotinic acetylcholine 
receptor (α7nAChR) activation. α7nAChR are upregulated 
by pineal melatonin, indicating that pineal melatonin 
may not only stimulate the vagal nerve, especially via 
oxytocin induction, but also upregulates the immune 
dampening, α7nAChR [69], upon which vagal ACh acts 
to resolve inflammation. α7nAChR activation increases 
specialized proresolving mediators (SPMs) that contribute 
to resolution by decreasing the pro-inflammatory NF-κB 
dimer, p65/p50, coupled to increasing the pro-resolution 
NF-κB dimer, c-Rel/p50, as shown in astrocytes [70]. This 
shift in NF-κB dimer composition leads to the disinhibition 
of the mitochondrial melatonergic pathway [71], allowing 
released melatonin to have autocrine and paracrine effects 
in the local microenvironment that resolves inflammation, 
optimizes mitochondrial function and reestablishes 
homeostatic interactions.

Most melatonin is produced in mitochondria, as 
indicated by the 98% production of melatonin in 
mitochondria in pinealocytes [72]. Alterations in local 
mitochondrial melatonin regulation may be significantly 
intertwined with the heightened inflammatory processes 
in BPD that negatively regulate mitochondrial function, 
as in many other medical conditions. Trans-auricular 
electroacupuncture stimulation of the vagal nerve to 

dampen gut inflammatory activity is entirely dependent 
upon the capacity of vagal nerve stimulation to increase 
local melatonin production, as shown preclinically [73], 
and clinically [74]. This would indicate the importance of 
factors acting to regulate the mitochondrial melatonergic 
pathway across diverse cell types in the course of distinct 
medical conditions, including BPD. Recent work indicates 
that it is the interactions of the classical intracellular 
signaling factors, signal transducer and activator of 
transcription 3 (STAT3) with NF-κB to either up- or 
down-regulate local melatonin production, with effects 
dependent upon the NF-κB dimer composition [71]. Figure 
2 shows how ketamine effects on mitochondria upregulate 
local melatonin, as shown in preclinical studies [75], and 
possibly pineal mitochondrial melatonin to regulate a 

Figure 2 Ketamine’s regulation of mood, stress and emotion via mitochondrial 
preconditioning that upregulates the mitochondrial melatonergic pathway. 
Ketamine increases pineal and/or systemic melatonin, possibly via 
mitochondrial modulation that alters STAT3 and NF-κB interactions to 
upregulate melatonin as the ‘bounce back’ of preconditioning (green shade). 
Ketamine induction of local (PVN), and possibly pineal melatonin upregulates 
PVN oxytocin that activates central amygdala (CEA) astrocyte oxytocin receptors 
to suppress the corticotrophin-releasing hormone (CRH)/dynorphin/kappa-
opioid receptor pathway (yellow shade) that is induced by cortisol acting on the 
GR-α in the CEA. Ketamine increases POMC [76], which like melatonin, increases 
β-endorphin [77] that activates the mu-opioid receptor to suppress deficits in 
the hippocampus (cognition), amygdala (affect) and VTA/N.Acc (motivational). 
Acute ketamine upregulation of PVN oxytocin is therefore intimately linked to 
alterations in wider inter-area connectivity across the brain that are associated 
with dysphoria/mood, cognition and motivation regulation. Suppression of 
pineal or PVN melatonin and/or PVN oxytocin can disinhibit the CRH induction 
of the HPA axis and GR-α activation in the CEA, contributing to wider cortisol/
stress dysregulation in mood disorders as in many other medical conditions 
(grey shade). Increased GR-αactivation, especially in presence of the raised 
pro-inflammatory cytokines evident in mood disorders and BPD, enhances 
local cellular cortisol production by 11β-HSD1 that contributes to wider 
pathophysiological alterations. Consequently, the adjunctive use of melatonin 
and/or oxytocin can alleviate ketamine side-effects when acute ketamine is 
unable to upregulate pineal or PVN melatonin or oxytocin. Factors inhibiting 
local tryptophan-melatonin pathway induction, including methylglyoxal 
(orange shade), have consequences for ketamine effects in the PVN as well as 
for the capacity of vagal activation to achieve inflammation resolution. 

Abbreviations: 11β-HSD1, 11β-hydroxysteroiddehydrogenase 1; α7nAChR: alpha 
7 nicotinic acetylcholine receptor; CEA: central amygdala; CRH, corticotrophin 
releasing hormone; GR: glucocorticoid receptor; HPA: hypothalamic-pituitary-
adrenal; N.Acc, nucleus accumbens; NF-κB: nuclear factor kappa-light-chain-
enhancer of activated B cells; POMC: pro-opiomelanocortin; PVN, hypothalamic 
paraventricular nucleus; SPMs: specialized proresolving mediators; STAT3: 
signal transducer and activator of transcription 3; VTA, ventral tegmental area.
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plethora of physiological factors and processes linked to 
BPD.

Preclinical data in chronic unpredictably stressed 
rodents shows ketamine to increase oxytocin and oxytocin 
receptors [78]. Oxytocin has clinical benefits in MDD [79], 
and BPD [53,80], which may be at least partly mediated 
via oxytocin stimulating the vagal nerve [81], leading to 
Ch/α7nAChR/SPMs/STAT3/NF-κB/melatonin pathway 
in immune cells [82], including enteric glial cells [83]. 
Enteric glial cell α7nAChR/SPMs pathway [84], changes 
the composition of the NF-κB dimer [85], from a pro-
inflammatory NF-κB p65/p50 dimer to a NF-κB c-Rel/
p50 dimer [86], and thereby increases the likelihood 
of melatonin efflux in the course of local inflammation 
resolution in the gut. Alterations in the gut are important 
aspects of BPD [23], and MDD pathophysiology [87], as well 
as many other medical conditions, including Parkinson’s 
disease where increased enteric glial cell reactivity and 
suppressed capacity to induce the melatonergic pathway 
are crucial to Parkinson’s disease pathoetiology [88]. 
Consequently, a suppressed capacity of enteric glial 
cells to upregulate the melatonergic pathway stymies 
the beneficial effects of vagal activation by ketamine, 
melatonin and oxytocin in gut regulation and therefore can 
have significant implications for CNS processes via the gut 
as well as directly.

ROLE OF IL-6/JAK/STAT3 PATHWAY IN 
BORDERLINE PERSONALITY

As BPD is still predominantly conceptualized in 
psychological terms, the investigation of physiological 
processes has been relatively sparse, with no studies 
directly investigating the Janus kinase (JAK)/STAT3 
pathway. However, interleukin (IL)-6 is a major inducer 
of the JAK/STAT3 pathway, with IL-6 being markedly 
increased in BPD [10], as in many other medical conditions. 
STAT3 is activated by phosphorylation. However, the site 
of STAT3 phosphorylation is of considerable importance, 
providing very distinct canonical (nuclear translocation), 
vs non-canonical (mitochondria translocating), and 
pSTAT3 activation consequences.

Canonical pSTAT3 phosphorylation, activation and 
nuclear translocation follows phosphorylation of STAT3 
on a specific tyrosine residue (Y705), pSTAT3Tyr705. The 
non-canonical pSTAT3 follows Serine727 phosphorylation 
and leads to the translocation of pSTAT3Ser727 to 
mitochondria, including within the mitochondrial matrix 
and to mitochondria associated membranes (MAMs) 
that interface the mitochondrial membrane with the 
endoplasmic reticulum membrane. MAMs are powerful 

determinants of mitochondrial Ca2+ and therefore of core 
changes in mitochondrial function, including apoptosis 
[89]. pSTAT3Ser727 is chaperoned by 14-3-3 proteins 
to mitochondria/MAMs, with pSTAT3Ser727 interacting 
with a number of mitochondrial factors, including the 
mitochondrial ionic regulators, Leucine zipper EF-hand 
containing transmembrane protein 1 (LETM1) and its 
parent protein LETM1 domain-containing protein 1 
(LETMD1). LETM1 and LETMD1 regulate mitochondrial 
ionic fluxes, including Ca2+ and K+, whilst both also possess 
a 14-3-3 like motif [90]. In some cells, pSTAT3Ser727 
forms a positive feedback loop with LETMD1 [91]. The 
interactions of pSTAT3Ser727 with 14-3-3 and the 14-3-3 
like motif of LETM1 and LETMD1 may be important in how 
pSTAT3Ser727 regulates AANAT availability to initiate the 
mitochondrial melatonergic pathway, given that 14-3-3 is 
necessary for the stabilization of AANAT, in the presence 
of acetyl-coenzyme A (acetyl-CoA) [92].

As well as regulating the mitochondrial melatonergic 
pathway, pSTAT3Ser727 can also increase the 
mitochondrial translocation, and therefore caspase-
mediated activation, of the NLRP3 inflammasome to 
increase the pro-inflammatory cytokines, IL-1β and IL-
18, as shown in other cell types [93]. The mitochondrial 
translocation of pSTAT3Ser727 can also increases the 
translocation of the pro-inflammatory NF-κB dimer 
component, p65, with p65 and mitochondrial NF-κB 
modulating mitochondrial transcription and function 
[93] (Figure 3). Whether the IL-6 elevation in BPD that 
correlates with reported childhood trauma experiences 
[10], also increases the pSTAT3Ser727 mitochondrial 
translocation will be important to determine, including 
in the pSTAT3 regulation of pineal AANAT/melatonin 
pathway, and whether this is mediated by altering 14-3-
3 availability for AANAT stabilization. Local melatonergic 
pathway regulation is relevant across body cells and 
systems, such as the gut, where the vagal capacity to 
achieve inflammation resolution is dependent upon local 
melatonin upregulation and efflux [74] (Figure 3).

As melatonin is derived from the tryptophan-
serotonin-N-acetylserotonin (NAS)-melatonin pathway, 
factors acting to suppress tryptophan or serotonin will 
also have suppressive effects on the availability of the 
mitochondrial melatonergic pathway. The increase in IL-
6, as with other pro-inflammatory cytokines, IL-1β and 
tumor necrosis factor (TNF)a and especially interferon 
gamma (IFNg), upregulate indoleamine 2,3-dioxygenase 
(IDO) to convert tryptophan to kynurenine, thereby 
not only decreasing tryptophan availability but also 
activating the aryl hydrocarbon receptor (AhR), which can 
hydroxylate melatonin and ‘backward’ convert melatonin 



Ann Psychiatry Ment Health 14(1): 1212 (2026) 7/13

Central

Anderson G (2026)

to its predecessor, NAS, via AhR induction of cytochrome 
P450 (CYP)1B1 and CYP1A2 [94]. The rise in pro-
inflammatory cytokines in BPD may therefore attenuate 
the availability of the tryptophan-melatonin pathway. 
Likewise, melatonin suppression, by disinhibiting the 
wider cortisol system, increases GR-α activation to 
induce tryptophan 2,3-dioxygenase (TDO) to further 
decrease the melatonergic pathway. The decrease in the 
night-time melatonin/cortisol ratio and their relative 
effects may therefore be contributing to alterations in 
the capacity of cells, microenvironments and systems to 
achieve resolution by attenuating the availability of the 
mitochondrial melatonergic pathway.

Metabolic dysfunction and hyperglycemia are common 
in BPD, contributed to by heightened impulsivity, 
addiction and eating disorders [95]. Many of the 
detrimental effects of hyperglycemia are mediated via 
methylglyoxal upregulation, which is typically attributed 

to methylglyoxal acting as a precursor for advanced 
glycation end products (AGEs) that activate the receptor 
for AGEs (RAGE) [96]. However, methylglyoxal also has 
protein-protein interactions with tryptophan, thereby 
suppressing tryptophan availability [21]. This allows 
raised levels of methylglyoxal, including in astrocytes 
from hypertension [97], as well as in gut dysbiosis [21], 
to contribute to suboptimal mitochondrial function and 
the capacity to achieve resolution from inflammatory/
oxidative processes. This is at least partly mediated via 
the suppression of tryptophan for the initiation of the 
melatonergic pathway. Interestingly, hypertension is 
increased in BPD [98], suggesting a suppressed capacity 
to induce the mitochondrial melatonergic pathway in 
hypertension associated BPD, as indicated by preclinical 
data [21].

INTEGRATING BORDERLINE PERSONALITY 
PATHOPHYSIOLOGY

BPD pathophysiology strongly overlaps with that of 
MDD, including via the presence of early developmental 
stressors, circadian and gut microbiome alterations, 
suppressed tryptophan, serotonin and oxytocin, increased 
BBB permeability and alterations in mitochondrial function. 
Low dose ketamine efficacy as a fast-acting antidepressant, 
with utility in BPD, suggests ketamine impacts on core 
processes driving a depressed phenomenological state. 
As supported by previous literature [99], astrocyte 
mitochondria may be a core driver of MDD and BPD 
pathophysiology. This has ready logic in so much as 
astrocytes have a microchip-like multi-tasking capacity 
in contrast to the electric cable like qualities of neurons. 
The capacity of stress to drive alterations in astrocyte 
function/morphology and regulation of neurons to initiate 
MDD and emotional dysregulation that can be rectified by 
chemogenetic and photogenetic optimization of astrocyte 
function is strongly supportive of a crucial role for the 
suppression of astrocyte metabolism in depression and 
mood dysregulation. This may be especially relevant in 
the mPFC and its interface with the amygdala via the 
paracapsular cells of the intercalated masses [100].

Importantly, ketamine effects are not restricted to 
the mPFC but will be relatively enhanced at sites of BBB 
permeability, including the mPFC but also in the amygdala, 
hippocampus, thalamus, and white matter [46]. Although 
classically conceptualized as a post-synaptic NMDAr 
antagonist or negative allosteric modulator, ketamine 
effects arise primarily from modulating mitochondrial 
function [55]. As indicated above, this is likely to be 
primarily in astrocytes, suggesting that the suppression 
of astrocyte mitochondrial function may be a core aspect 
of MDD and BPD. The capacity of ketamine to increase 

Figure 3 Ketamine preconditioning modulates core mitochondrial 
processes. Shows ketamine to act on the mitochondrial inner membrane 
NMDAr, with consequence for patterned gene expression in both mitochondria 
and the nucleus, including STAT3 interactions with NF-κB. In most cells, 
pSTAT3Tyr705 interacts with NF-κB p65/50 to induce inflammation and 
suppress cell melatonin production. Ketamine preconditioning is proposed 
to induce a pSTAT3Tyr705 interaction with NF-κB c-Rel/50, which dampens 
inflammatory activity and increases 14-3-3 stabilized AANAT to initiate the 
melatonergic pathway.

Whether this is regulated by the nuclear induction of kinases to regulate 
pSTAT3Ser727 phosphorylation and activation requires future investigation. 
pSTAT3Ser727 can also translocate to MAMs to decrease endoplasmic 
reticulum Ca2+ influx as well as increasing LETMD1/LETM1 to regulate Ca2+ 

and K+. Whether such alterations in ionic regulation are aspects of ketamine’s 
proposed preconditioning effects awaits investigation. pSTAT3Ser727 can 
also increase the NLRP3 inflammasome, NF-κB and p65 translocation to 
mitochondria to regulate mitochondrial gene expression. Whether such 
pro-inflammatory/pro-apoptotic changes occur only to the toxic effects of 
high dose ketamine seems likely but requires future investigation. Ketamine 
effects on the mitochondrial melatonergic pathway may be a core aspect of 
its clinical utility in BPD and MDD. 

Abbreviations: AANAT: aralkylamine N-acetyltransferase; JAK: Janus 
kinase; LETM1: Leucine Zipper EF-hand containing Transmembrane 
protein 1; MAMs: mitochondria-associated membranes; NF-κB: nuclear 
factor kappa-light-chain-enhancer of activated B cells; NLRP3: nucleotide-
binding domain, leucine-rich–containing family, pyrin domain–containing-3; 
NMDAr: N-methyl-d-aspartate receptor; STAT3: signal transducer and 
activator of transcription 3.
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local melatonin production in preclinical studies [75], 
suggests that ketamine will act to upregulate the astrocyte 
mitochondrial melatonergic pathway. It is proposed above 
that this may be mediated via ketamine inhibiting the 
NMDAr on the astrocyte inner mitochondrial membrane 
where it may gain entry by virtue of its amphiphilic 
nature and/or via organic cation transporter (OCT)3 that 
is expressed in astrocytes [101]. Mitochondrial NMDAr 
inhibition is challenging to mitochondria allowing the 
transient, short-life existence of ketamine to induce a 
‘preconditioning’ type effect to enhance mitochondrial 
function, possibly involving alterations in other 
mitochondrial ionic regulators.

Part of the preconditioning effect involves changes in the 
interactions of nuclear and mitochondrial pSTAT3 with NF-
κB composition to upregulate the astrocyte melatonergic 
pathway that contributes local inflammation resolution in 
astrocytes and cells of their local microenvironment.

The putative preconditioning effects of ketamine 
by shifting mitochondria from a challenged to more 
resilient state are highly compatible with an increase in 
the mitochondria-derived peptide, humanin. Humanin 
is produced in mitochondria, predominantly within 
astrocytes in the CNS [102], and has intracellular and 
intercellular effects. Intracellular effects include the 
suppression of the pro-apoptotic bcl2 proteins, Bax and Bid 
[103,104]. Intercellular effects of humanin are mediated 
via at least three different plasma membrane receptors 
[105], including on microglia where humanin shifts 
microglia from an M1-like pro-inflammatory phenotype 
to a more quiescent M2-like phenotype, including via 
mitochondrial transfer from astrocytes [106]. As this 
shift in phenotypes in microglia [107], and macrophages 
[108], requires the upregulation, release and autocrine 
effects of melatonin, humanin effects are likely to include 
mitochondrial melatonergic pathway upregulation. The 
effects of astrocyte released humanin and melatonin 
also prevent demyelination and increase remyelination 
in white matter, damage to which has been proposed to 
initiate MDD [109] (Figure 4).

Given the close association of BPD with MDD, the 
above provides a framework in which to investigate BPD 
pathophysiology, with ketamine effects indicating that 
the pharmaceutical development of a similar amphiphilic 
regulator of astrocyte mitochondria may over-ride the 
heterogenous diversity of MDD and BPD presentations 
by focussing on the core end-point hub on to which these 
heterogenous physiologies converge.

The above has a number of future research and 
treatment implications, some of which are listed below.

FUTURE RESEARCH IMPLICATIONS

-	 Is the patterning of increased BBB permeability in 
MDD (mPFC, hippocampus, amygdala, thalamus, 
white matter) emulated in BPD 

-	 Are the changes at sites of increased BBB 
permeability in BPD linked to stress-driven 
suboptimal astrocyte mitochondrial function, as 
shown in MDD and preclinical models [47-49] 

-	 Does ketamine have any efficacy in BPD when 
criteria for comorbid MDD are not met Is efficacy 
mediated via preconditioning type effects in 
astrocyte mitochondria 

-	 Does ketamine increase melatonin production in 
astrocytes, as well as other CNS and systemic cells 
and/or increase astrocyte humanin Antidepressant 
efficacy in MDD requires increased humanin release 
[110], indicating likely relevance in BPD.

-	 Is the glymphatic system suppressed in BPD If 
so, would the glymphatic system be increased by 
melatonin treatment 

TREATMENT IMPLICATIONS

-	 Given the typically suppressed pineal melatonin 
release in MDD and the capacity of melatonin 
[111], and oxytocin [112] to enhance ketamine’s 

Figure 4 Ketamine’s effects highlight core changes in B D and MDD 
pathophysiology. Ketamine transiently inhibits the inner mitochondrial 
membrane NMDAr to change ionic regulation that preconditions astrocyte 
mitochondria to increase ATP, melatonin, humanin and lactate. Ketamine 
effects may be particularly evident at sites of increased BBB permeability, 
such as the mPFC, hippocampus and amygdala. At these sites ketamine’s 
induction of astrocyte melatonin and humanin efflux shifts the microglia 
phenotype, increases remyelination and re-establishes the BBB as well 
as providing neurons with lactate and re-establishing neurotransmitter 
regulation. This combination of effects decreases BPD and MDD 
symptomatology. 

Abbreviations: ATP: adenosine triphosphate; BBB: blood-brain barrier; BPD: 
borderline personality disorder; MDD: major depressive disorder; NMDAr: 
N-methyl-d-aspartate receptor.



Ann Psychiatry Ment Health 14(1): 1212 (2026) 9/13

Central

Anderson G (2026)

antidepressant efficacy and decrease side effects, 
the adjunctive use of melatonin and/or oxytocin 
would seem likely to better optimize treatment and 
increase its clinical utilization by suppressing side-
effects.

-	 Would the adjunctive use of melatonin with 
ketamine attenuate ketamine’s suppression of 
natural killer (NK) cell levels and cytotoxicity [113] 
This will be important to determine given the 
increased risk of cancer and severe viral infection 
in MDD patients [114,115] and decreased longevity 
in BPD [116], which are linked to decreased NK cell 
cytotoxicity [117].

-	 Novel antidepressants that mimic ketamine by 
inhibiting the astrocyte Kir4.1 channel have 
recently been shown in preclinical studies to have 
rapid antidepressant onset effects [118].

-	 By reframing ketamine effects via astrocyte 
mitochondria, this should sharpen the focus of 
pharmaceutical companies to produce a ‘ketamine-
like novel antidepressant,’ without side-effects, 
with utility in BPD.

-	 Ultra-low-dose buprenorphine shows efficacy 
in BPD symptom management [1,119], which 
emphasizes the relevance of opioidergic system 
modulation by ketamine and melatonin, as shown 
in Figure 2.

CONCLUSION

The mitochondrial melatonergic pathway and its 
regulation by night-time processes of dampening and 
resetting provides a physiological perspective of BPD 
etiology and ongoing pathophysiology. As with many other 
conditions linked to an early developmental etiology, such 
as schizophrenia and autism, the role of the mitochondrial 
melatonergic pathway may be intimately linked to 
alterations in the development of the gut and its regulation 
of the amygdala with consequences for alterations in stress 
and sensory processing driven by the early developmental 
effects of the amygdala on inter-area connectivity and 
coordination of brain regions [100, 120]. The interactions 
of pineal melatonin with the hypothalamus, via pineal 
melatonin passing through the pineal recess into the third 
ventricle, where it stays at a 4-fold higher concentration, 
vs circulatory levels, would indicate a role for night-time 
melatonin in the modulation of the core functions driven 
by hypothalamic nuclei, including via oxytocin regulation. 
The above provides a framework for investigating the 
physiological changes occurring in BPD and therefore for 
more targeted treatment.
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