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Abstract
The article discusses evolving pharmacological strategies for addressing 
the neuroinflammation in depression, highlighting its role in major depres-
sive disorder. Neuroinflammation is linked to neurotransmitter imbalances, 
hypothalamic-pituitary-adrenal axis dysregulation and impaired neurogen-
esis. Key treatments explored include anti-inflammatory agents such as 
N-acetylcysteine, toll-like receptor (TLR) inhibitors and cytokine blockers 
like anti-interleukin-6 and tumour necrosis factor alpha (TNF-α) agents. 
Glutamate modulation, antioxidants and omega-3 fatty acids are also ex-
amined for their therapeutic efficacy. The article emphasises the need for 
combination therapies and novel approaches like ketamine and microbi-
ome-targeted treatments to combat inflammation-related depression. De-
spite significant progress, further research is needed to fully understand 
the mechanisms and optimise therapeutic strategies.

Key words: Neuroinflammatory diseases; Depression; Depressive dis-
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Introduction

Depression is characterised by a persistent sense 
of emptiness, melancholy, or an inability to ex-
perience pleasure, often without an apparent 
cause.1 According to the World Health Organiza-
tion (WHO) estimates, depression affects one in 
five women and twelve men worldwide, making 
it the second most common condition in terms 
of morbidity by the next ten years. Not only can 
adults experience depression, but two percent of 
school-age children and five percent of teenagers 
do as well, with the majority of cases being unre-
ported.2

Prevalence and impact on health
Major depression was identified by the WHO in 

2008 as the third most common cause of disease 
burden worldwide and by 2030, it was expected 
to overtake all other causes. Given its wide range 
of manifestations, erratic course and prognosis 
and inconsistent response to treatment, it can be 
difficult for medical practitioners to recognise, 
diagnose and treat in practice. Over 264 million 
individuals of all ages have been impacted by the 
approximately 50 % rise in incident occurrences 
that has occurred globally over the past 30 years. 
As stated by the American Psychological Associ-
ation (2000), Gotlib et al, Solomon et al and other 
groups, recurrences throughout the life course 
following an initial depressive episode are es-
pecially problematic, with estimates ranging as 
high as 75–90 %.3
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Role of neuroinflammation in
depression 
Neuroinflammation plays a significant role in 
major depressive disorder (MDD) by interacting 
with the dysregulation of the hypothalamus-pi-
tuitary-adrenal (HPA) axis, serotonin depletion 
and disruption in adult-generated neuron growth 
in the hippocampus dentate gyrus.4 Studies show 
that anxiety and depression are linked to func-
tional brain networks, particularly involving the 
medial prefrontal cortex (mPFC) and hypercon-
nectivity between default network seeds and 
hippocampus areas. Peripheral cytokine levels 
are correlated with brain function, wellbeing 
and cognition, affecting neurons, microglia and 
astrocytes. Therapeutic cytokines and autoim-
mune diseases may contribute to depression.5 
Higher levels of interleukin 6 (IL-6) in childhood 
increase the risk of depression later in life and 
post-mortem analysis shows microglial activa-
tion and neuroinflammation in depression pa-
tients’ brains. This research has led to the inves-
tigation of using non-steroidal anti-inflammatory 
drugs for treating severe depression.6

Biomarkers involved in depression 
Biomarkers are essential tools for predicting re-
sponses to interventions in psychiatric disorders, 
with potential markers including those related 
to inflammation, neuroendocrine, neurotrophic, 

neurotransmitter and metabolic systems. How-
ever, inconsistency in findings across these sys-
tems highlights the need for a comprehensive 
understanding through an “omics” approach. 
Neuroimaging and protein assays offer valuable 
insights, while technologies like metabolomics 
and transcriptomics continue to expand marker 
identification capabilities. Biomarkers associat-
ed with psychiatric disorders include changes in 
brain anatomy, circadian disruptions, hormonal 
imbalances, neurotransmitter alterations and 
genetic variations.7 Inflammation, in particular, 
has been linked to MDD, with clinical research 
showing higher levels of inflammatory markers 
in MDD patients. Inhibition of pro-inflammatory 
cytokines has been found to enhance the effects 
of antidepressant medication, suggesting the im-
portance of considering inflammatory pathways 
in treatment strategies. Further focused research 
is necessary to establish the clinical utility of 
these biomarkers (Figure 1).8

Mechanism involved neuroinflammation 
in depression  
MDD aetiology involves the innate immune sys-
tem determining the involvement of Th1 or Th2 
cells and affecting the adaptive immune re-
sponse. Macrophages initiate a Th1 response 
with proinflammatory cytokines during infec-
tions or tissue damage. Toll-like receptors (TLRs) 
in macrophages have not been definitively linked 

Figure 1: Possible depression 
biomarkers: biological systems, 
levels and sources
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Pharmacological targets
for neuroinflammation in
depression: emerging strategies

(A) Anti- inflammatory agents
1. N- acetylcysteine (NAC) 
Due to its anti-inflammatory characteristics, NAC 
may play a therapeutic function in mental health 
issues. Research has shown that individuals with 
depression have dysregulated inflammatory path-
ways, which may impact neurotransmitter pro-
duction and exacerbate the disorder’s pathology.10 
NAC treatment shows promising results in alle-
viating symptoms of MDD by targeting various 
underlying mechanisms such as dysregulation 
of neurotransmitters, oxidative stress and in-

Figure 2: Representation of 
toll-like receptor 4 (TLR4) in-
hibitors mechanism 

to MDD. Depressive symptoms can be triggered 
by lipopolysaccharides and endotoxins activat-
ing the peripheral immune system. Chronic phys-
ical ailments can lead to chronic inflammation 
and MDD through persistent microglia activa-
tion. Cytokines can cross the blood-brain barrier 
(BBB) actively or through leaky regions, poten-
tially worsening MDD if the BBB is damaged. This 
information sheds light on the complex relation-
ship between the immune system and MDD.9

flammation. Compared to traditional antidepres-
sants, NAC is associated with fewer side effects 
and better treatment adherence. Common minor 
side effects of oral NAC include gastrointestinal 
discomfort and musculoskeletal issues, but they 
are generally less severe than those of prescrip-
tion antidepressants.11

2. TLR4 inhibitors  
TLR4 is a crucial part of the immune system, rec-
ognising pathogens and initiating inflammatory 
responses. In the hippocampus, it binds to high 
mobility group box 1 protein (HMGB1), leading to 
neuroinflammation and depression symptoms.12 
E5564 and TAK-242 target TLR4 signalling to 
reduce inflammation and alleviate depressive 
symptoms. Asperosaponin VI extracted from Ra-
dix Dipsaci in traditional Chinese medicine ame-
liorates LPS-induced depression-like behaviour 
in rats by inhibiting the TLR4/NFκB signalling 
pathway. Flavonoids like apigenin and hesperidin 
also show antidepressant benefits through block-
ing TLR signalling (Figure 2).13

(B) Cytokine inhibitors
1. Anti-TNF-α agent
New approach studies link between inflammation 
and depression through medication suppressing 
TNF-α.14 Etanercept cannot cross the blood-brain 
barrier, so peripheral injection only reduces pe-
ripheral TNF levels. Central TNF expression is 
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indirectly affected. TNF itself can enter the brain 
through a receptor-mediated process, leading to 
increased central inflammation by stimulating 
microglial cell.15

2. Anti-IL-6 agents 
In patients with MDD, inflammatory markers like 
IL-6 are elevated. Differences in cell type expres-
sion of IL-6 receptor and gp130 signal transducer 
contribute to complex inflammatory signalling 
pathways.16 Recent research suggests that indi-
viduals with MDD may benefit from using cyto-
kine antagonists like tocilizumab to inhibit in-
flammatory signalling pathways.17

3. Anti-IL-1β agents  
One important cytokine implicated with depres-
sion in the elderly is IL-1β, which is controlled by 
the P2X7 receptor, a purinergic ATP-gated cation 
channel of the P2X family.18 Blocking IL-1β shows 
promise in treating mood disorders like depres-
sion and reducing inflammation in autoimmune 
diseases. Canakinumab, an anti-IL-1β antibody, is 
FDA-approved to treat conditions like TNF recep-
tor-associated periodic syndrome and systemic ju-
venile idiopathic arthritis by neutralising IL-1β.19

4. Anti-IL-17 agents  
Astrocytes, neurons and microglia in the central 
nervous system produce IL-17 during disease. 
It can cause inflammation and damage but also 
stimulate neurite outgrowth and enhance synap-
tic function.20 Secukinumab (Cosentyx), an IL-17A 
antibody, is used for psoriasis and ankylosing 
spondylitis but may help treat inflammation-re-
lated depression. Brodalumab (Siliq), an IL-17 re-
ceptor antagonist, approved for psoriasis, might 
also address mood disorders linked to inflamma-
tion. Ixekizumab (Taltz), another IL-17A inhibitor, 
shows potential for similar uses, though research 
is limited.21

(C) Glutamate modulation 
The potential of modulating glutamate to treat 
depression, especially in cases of treatment re-
sistance, is supported by research on N-meth-
yl-D-aspartate (NMDA)-receptor antagonists and 
gamma-aminobutyric acid (GABA) function. The 
imbalance between excitatory and inhibitory 
neurotransmitters due to stress and depression 
further suggests a role for glutamatergic dys-
function in depression.22 If an adult has been di-
agnosed with MDD, did not improve after taking 

at least two antidepressants and is experiencing 
a moderate to severe major depressive episode, 
esketamine nasal spray is advised.23

1. Emerging pharmacological treatments 
for glutamate modulation

Anti-inflammatory agents, including neuropep-
tide Y and drugs like minocycline and celecoxib, 
have shown promise in treating MDD and other 
psychiatric conditions by regulating inflamma-
tion. AGN-241751, a new NMDA receptor positive 
allosteric modulator, is being studied as a poten-
tial antidepressant, but more research is needed 
to understand its mechanism of action.24

Dextromethorphan-bupropion (Auvelity®): Ap-
proved in 2022, this oral combination targets 
NMDA receptors and modulates glutamate sig-
nalling. 

Rapastinel (GLYX-13): An investigational drug 
that functions as a partial agonist at the NMDA 
receptor’s glycine site, showing rapid antidepres-
sant effects in clinical trials.2

Apimostinel (NRX-1074): Another NMDA recep-
tor modulator, similar to rapastinel, currently 
under investigation for its rapid antidepressant 
effects. 

Esmethadone (REL-1017): This drug is an NMDA 
receptor antagonist being studied for its poten-
tial rapid antidepressant effects.25

Basimglurant: a metabotropic glutamate recep-
tor 5 (mGluR5) antagonists, which has shown 
promise in early clinical trial for depression.26

2. N-acetylcysteine (NAC)  
NAC, derived from cysteine, acts as an antioxi-
dant and precursor to glutathione in cells. It can 
penetrate the blood-brain barrier, increasing 
brain GSH levels and impacting brain function.27 
It can restore mitochondrial function, important 
for mood disorders. The specific pathways for its 
therapeutic effects are still unclear (Figure 3).28

(D) Omega-3 fatty acids 
Research suggests that omega-3 fatty acids, par-
ticularly eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA), can help alleviate symp-
toms of depression. However, they have not been 
proven to be a standalone treatment for MDD. 

Kumari et al. Scr Med. 2025 Sep-Oct;56(5):1017-27.
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Figure 3: Mechanism of action 
of N-acetylcysteine 

Lower dietary intake of omega-3 fish oil has been 
linked to increased depressive symptoms, while 
studies have shown that individuals with depres-
sion often have reduced levels of essential fatty 
acids in their blood.29

The biological mechanisms behind the antide-
pressant effects of omega-3 polyunsaturated fat-
ty acids (PUFAs) remain largely unexplored, sev-
eral potential explanations are outlined:

a) Neurotransmitter regulations: Long-term 
deficiency in omega-3 fatty acids can lead to 
changes in serotonin and dopamine receptors 
in the brain, potentially contributing to de-
pression. Omega-3 PUFAs have been shown 
to increase levels of somatotrophin and CSF 
5-HIAA, which may help alleviate symptoms of 
depression. 

b) Anti-inflammation and anti-oxidation ef-
fects: The study discusses the role of inflam-
mation in depression and the potential bene-
fits of omega-3 PUFAs in treating depression 
and other illnesses linked to inflammation. 
The experiment shows omega-3 PUFAs may 
decrease inflammation in overweight, inactive 
middle-aged and older individuals. 

c) Neuroplasticity effects: Chronic antide-
pressant treatments boost adult hippocampal 

neurogenesis, improving neuroplasticity and 
brain function. EPA supplementation can raise 
N-acetyl aspartate levels in the cortex, aiding 
in neuronal integrity. Omega-3 PUFAs stimu-
late hippocampal neurogenesis and influence 
neurotrophins, potentially promoting antide-
pressant effects. A diet rich in EPA and DHA 
also offers protection against medical condi-
tions linked to antioxidant pathway defects.30

(E) Anti-oxidants  
1. L-theanine  
L-theanine and magnesium play important roles 
in improving sleep quality through their effects 
on neurotransmitters. Research suggests that 
L- theanine can increase relaxation by boosting 
GABA situations and dopamine and serotonin ex-
pression in the brain. also, L- theanine has neuro-
protective parcels. A new compound, magnesium 
L-theanine, has the potential to enhance sleep 
regulation by combining the benefits of magne-
sium and L-theanine, although more research is 
needed to fully understand its effects on sleep 
and brain activity.31

2. B vitamins 
B vitamins play a key role in regulating immune 
functions and are essential for brain health and 
mood. Scarcities in B12 and folate have been 
linked to an increased threat of depression. Fur-

Kumari et al. Scr Med. 2025 Sep-Oct;56(5):1017-27.
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ther research is needed to understand how B vi-
tamin supplementation can prevent depressive 
symptoms.32

3. Vitamin D  
Calcitriol, also known as neurosteroid hormone, 
has immunomodulatory and neurotrophic prop-
erties. It activates gene expression of tyrosine hy-
droxylase, involved in synthesising neurotrans-
mitters like serotonin and dopamine. Vitamin D 
helps regulate calcium and GABA levels, affecting 
depression onset. It modifies the HPA axis and 
protects dopamine-releasing neurons when plas-
ma levels surpass a threshold.33

4. Polyphenols  
Recent research has highlighted the antidepres-
sant properties of plant polyphenols, including 
tea polyphenols and apigenin flavonoids. These 
compounds interact with neurotransmitter path-
ways such as NMDA and GABA to produce sed-
ative and neuroprotective effects. Icariin also 
shows promise in impacting the serotonergic 
system to alleviate depression. Additionally, red 
ginseng saponins, lemon essential oil, pectin and 
other substances have been linked to reducing 
depression through their effects on the brain’s 
neurotransmitter systems. Lemon essential oil, 
for example, modulates dopamine and serotonin 
levels in specific brain regions to produce antide-
pressant-like effects.34

5. Polysaccharides 
Factory polysaccharides can alter neurotransmit-
ters in the brain, modulate synaptic transmission 
and reduce damage to neurons. They increase 
situations of serotonin (5-HT), dopamine (DA) 
and noradrenaline (NE), with antidepressant 
goods. Polysaccharides can help hyperactivity 
in the HPA axis, lowering corticotropin-releasing 
hormone (CRH), adrenocorticotropic hormone 
(ACTH) and cortisol situations. They also reduce 
hippocampal neuronal damage. For illustration, 
Polygonatum Sibiricum polysaccharide (PSP) 
and Lycium barbarum polysaccharide (LBP) have 
shown promising results in regulating HPA axis 
exertion and dwindling depressive actions.35

6. Astaxanthin 
Astaxanthin, an antioxidant and carotenoid 
pigment found in various organisms, has an-
ti-inflammatory and neuroprotective proper-
ties. Recent studies suggest it may be beneficial 
in treating pain by targeting the p38 pathway. 

Earlier research shows it reduces inflammation 
through the Nrf2/HO-1 and MAPK pathways and 
may alleviate fibromyalgia symptoms by block-
ing NLRP3.36

8. Resveratrol  
Research indicates that resveratrol can increase 
ATP levels in the hippocampus, boost mitochon-
drial DNA and enhance SIRT1 and PGC-1α expres-
sion, while lowering Na⁺-K⁺-ATPase and pyruvate 
levels. It also raises dopamine and serotonin lev-
els in the prefrontal cortex and boosts NPY ex-
pression, suggesting it could be effective in treat-
ing depression.37

(F) Hormonal modulation
1. Thyroid hormone 
Research suggests a connection between thyroid 
function and bipolar disorder, particularly rapid 
cycling bipolar disorder, indicating that thyroid 
hormones may influence affective illness.38 Sub-
clinical hypothyroidism, with high thyroid-stim-
ulating hormone (TSH) levels but normal T3 and 
T4 levels, is common in treatment-resistant de-
pression. Research is looking into using T3, T4, 
thyrotropin-releasing hormone (TRH) and TSH as 
potential treatments for severe depression, with 
T3 showing promise in accelerating response to 
antidepressants. T4 has shown some success in 
rapid-cycling bipolar disorder, but its effective-
ness in treating depression is still uncertain. Ear-
ly studies suggest combining T3 with TCAs may 
lead to quicker antidepressant response. Limited 
evidence exists for using T4 as an augmentation 
agent in MDD.39

2. Cortisol modulation (HPA axis)
The pathophysiology of major depression was ini-
tially associated with the hyperactivity of the HPA 
axis and impaired sensitivity to negative feed-
back regulation. However, recent research sug-
gests a more complex relationship, with chronic 
hypersecretion from CRH neurons leading to ab-
errant glucocorticoid receptor (GR) signalling in 
MDD. Subclinical hypothyroidism, characterized 
by high TSH levels but normal T3 and T4 levels, 
is common in treatment-resistant depression. 
T3 has shown promise in accelerating response 
to antidepressants, while T4’s effectiveness in 
treating depression is still uncertain. Combining 
T3 with TCAs may lead to quicker antidepressant 
response, but limited evidence supports using T4 
as an augmentation agent in MDD. Antidepres-
sants like selective serotonin reuptake inhibitors 

Kumari et al. Scr Med. 2025 Sep-Oct;56(5):1017-27.
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Other potential compounds

Lysergic acid diethylamide (LSD) 
LSD, a highly addictive psychedelic, has poten-

Figure 4: Pathways that facili-
tate communication in both di-
rections between the brain and 
the gut bacteria

(SSRIs) and serotonin-norepinephrine reuptake 
inhibitors (SNRIs) can increase cortisol levels, 
while mirtazapine may decrease cortisol levels 
by inhibiting CRH release. Cortisol levels tend to 
normalize with long-term antidepressant treat-
ment, but their decrease doesn’t always correlate 
with therapeutic response.40

3. Microbiome based therapies 
Chronic stress in adults has been found to signifi-
cantly impact the composition of the gut micro-
biota. Individuals exposed to prolonged psycho-
social stress show a decrease in Bacteroides spp 
and an increase in Clostridium spp levels in the 
caecum. This stress also leads to higher levels of 
CCL2 and IL-6 in the blood, signalling immune ac-
tivation. Certain bacterial genera, such as Dorea 
spp, Pseudobutyri vibrio spp and Coprococcus spp, 
have been linked to these stress-induced changes. 
Additionally, chronic stress can lead to a leaky in-
testinal barrier, increasing levels of immunomod-
ulatory bacterial components in the bloodstream. 
Probiotics have been shown to counteract these 
effects, particularly by preventing HPA axis acti-
vation and inhibiting barrier leakiness. Research 
supports the importance of the gut-brain axis in 
regulating the stress response.41 Recent research 
has emphasised the importance of gut micro-
biota in the management of MDD. Investigating 
the impact of alterations in gut microbiota on 
the gut-brain axis can provide valuable insights 
into the efficacy of SSRIs in treating depression. 

Serotonin, influenced by gut microbiota, plays a 
crucial role in the onset and management of de-
pression. 

4. Lactobacillus benefits to the digestive tract
Manipulating gut flora can be an effective treat-
ment for depression, as Lactobacillus bacteria 
found in the gut microbiota have been found to 
positively impact MDD patients by influencing 
serotonin synthesis and reducing inflammation. 
Research on the synergistic effects of probiotics 
and SSRIs could lead to improved treatment plans 
for MDD (Figure 4).

5. The gut-brain axis
The vagal nerve connects the brain to the diges-
tive system, impacting mood, serotonin levels and 
brain-derived neurotrophic factor (BDNF) levels 
in the hippocampus. Disruptions in vagal nerve 
communication can affect BDNF levels, which are 
crucial for neuron development. Gut bacteria may 
also play a role in controlling BDNF levels. Further 
research on this topic is needed to understand its 
impact on brain function and cognition.42

Kumari et al. Scr Med. 2025 Sep-Oct;56(5):1017-27.
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tial medical benefits. High dosages of psychedel-
ic drugs like psilocybin or LSD could be used to 
treat anxiety and mood disorders. Regular use of 
low doses of LSD may improve mood, wellbeing 
and cognitive function. However, the long-term 
benefits of low-dose LSD are not yet fully under-
stood. LSD is globally prohibited and its addictive 
nature is debated. Some countries allow its me-
dicinal use and for scientific research. The prima-
ry medium of LSD involves the activation of ante-
rior cortical glutamate transmission through the 
stimulation of 5- HT2A receptors. LSD binds more 
strongly to 5-HT2A receptors compared to other 
hallucinogens and also affects 5-HT1 receptors, 
potentially enhancing the effects of other drugs. 
Further research is needed to understand the 
specific effects of LSD on humans compared to 
other hallucinogens.43

3,4-methylenedioxymethamphetamine
(MDMA)  
MDMA functions differently from traditional 
antidepressants by primarily acting as a mono-
amine release and reuptake inhibitor. It increases 
serotonin levels at the synaptic cleft, with lesser 
effects on norepinephrine and dopamine. MD-
MA-assisted therapy is being explored as a new 
approach in treating mental illnesses, including 
depression.44

Therapeutic process in MDMA involves an eight- 
hour remedy session, during which individual-
ities wear an eye mask and headphones while 
lying down. A therapist provides support as the 
individual experiences a range of emotions, from 
euphoria to anxiety. MDMA is used to help ac-
cess difficult emotions and memories, enhancing 
communication and promoting discovery of un-
expressed thoughts and feelings. The therapist 
helps the individual integrate their experience 
and develop coping strategies. Further research 
is needed to understand the full potential of this 
therapy.45

N,N-dimethyltryptamine (DMT)  
This study examines the impact of DMT on neuro-
plasticity, suggesting that DMT could aid in creat-
ing new neural connections, improving learning 
and memory and assisting in brain injury recov-
ery. DMT and psilocybin partake a common medi-
um of action on 5- HT2A receptors.46

Combination therapies 
Combination therapies with multiple antidepres-
sants are effective for treating acute depres-
sion. Bupropion (Auvelity) is now FDA-approved 
for severe depressive disorder in adults. A new 
fast-acting oral therapy option is the dextro-
methorphan-bupropion combination pill, but the 
short half-life of dextromethorphan limits its 
effectiveness. Bupropion competitively inhibits 
metabolism, extending dextromethorphan’s half-
life for sustained action on NMDA receptors.47

Current approaches to treating MDD 
and associated challenges
Treatment for MDD typically involves a combina-
tion of psychological therapies and pharmacolog-
ical interventions. SSRIs and monoamine oxidase 
inhibitors are commonly used antidepressants, 
with remission rates ranging from 36 % to 67 
%. However, some patients do not respond well 
to medication and experience adverse effects. 
Non-pharmacological options like cognitive be-
havioural therapy (CBT), exercise, yoga and 
acupuncture have shown promise in reducing 
depressive symptoms by improving emotional 
regulation, reducing oxidative stress and regu-
lating neurotransmitters.48

Future directions for monoamine
systems research  
Future research in depression will examine the 
role of monoamines within a genetic-neurochem-
ical-environmental framework. Interactions be-
tween serotonin, dopamine and norepinephrine 
are crucial in depressive pathology, involving 
brain regions like the hippocampus. Gene-envi-
ronment studies will explore genetic variations 
in susceptibility to depression. Research will also 
look into developing “triple” reuptake inhibitors 
targeting all three monoamines, as well as inves-
tigating interactions with other neurochemical 
systems through functional imaging and genet-
ic investigations, leading to more personalised 
therapeutic approaches for depression.49

Approved and investigational drugs  
The examination of authorised medications 
shows the rise of pharmacological groups like 
NMDA antagonists and GABA modulators. Brex-
anolone and zuranolone are FDA-approved 
GABA modulators for postpartum depression 
treatment, while esketamine and dextrometho-

Kumari et al. Scr Med. 2025 Sep-Oct;56(5):1017-27.
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Evolving approaches in pharmacological meth-
ods to address neuroinflammation in depres-
sion show an increasing comprehension of 
intricate pathogenesis of MDD. Neuroinflam-
mation is important in depression as it inter-
acts with key neurobiological systems such as 
depletion of neurotransmitters, dysregulation 
of HPA axis and variations in neurogenesis. The 
advancement of anti-inflammatory drugs, such 
as NAC, blockers of cytokines and regulators of 
immune pathways like TLR4 and IL6, shows 
potential in treating depression. Furthermore, 
the potential for alleviating depressive symp-
toms has been demonstrated through various 
mechanisms, including glutamate modulation 
and the utilisation of antioxidants, omega-3 
fatty acids and polyphenols.

The therapy options for MDD are constant-
ly changing along with the development of 
new drugs such as ketamine, esketamine and 
MDMA, providing quick relief for symptoms, 
especially for those who do not respond well to 
other treatments. Additionally, the connection 
between the gut - brain, as well as therapies fo-
cused on the microbiome, show the promise of 
addressing inflammation and gut issues relat-
ed to stress.

In general, although these new methods show 
promise for better management of depression, 
especially for cases that are resistant to treat-
ment, more research is necessary to fully un-
derstand how they work and enhance their use 

Conclusion

This study was a secondary analysis based on 
the currently existing data and did not directly 
involve with human participants or experimental 
animals. Therefore, the ethics approval was not 
required in this paper. 
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