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ABSTRACT

Major depressive disorder (MDD) is a common health disorders characterized by anhedonia along 
with physical changes. MDD is a leading cause of disability worldwide. MDD treatment mainly 
focuses on improving the quality of life of the patients suffering from this disorder. Various modalities 
of treatment include initiating pharmacotherapy, focussed psychotherapy, or electroconvulsive 
therapies. The current treatment modalities focus on the monoamine hypothesis with a wide range 
of drugs available from tricyclic antidepressants (TCAs) to selective serotonin reuptake inhibitors 
(SSRIs). Despite therapy with the currently available drugs a substantial proportion of patients do 
not achieve full remission with full-dose titration and there is still persistence of treatment-resistant 
depression (TRD). The currently available antidepressants drugs are associated with frequent 
adverse effects with tolerance limiting their long-term adherence. Delivery of psychotherapy has 
its own set of limitation and one of them is in form of delivery of psychotherapy. As many patients 
despite optimal therapy of currently available antidepressant drugs one-third of the patients do not 
respond to the currently available forms of therapy. The understanding of the pathophysiology 
has increased our knowledge with role of neuroplasticity, disrupted signalling pathway, decreased 
neurotropic factor expressions and altered functional connectivity of neurocircuitry also playing its 
role apart from the neurotransmission theory of depression. Opening up avenues for treatment of 
currently unanswered area for depression which include lag in onset of effect, tolerance to therapy, 
treatment resistant depression and delay in achieving remission. The current review tries to highlight 
the various options for treatment of depression for effective treatment of depression.
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INTRODUCTION
Major Depressive Disorder (MDD) is one of the 
most common pervasive mental health disorders 
that contributes significantly to the global burden 
of diseases.1,2 MDD is characterized anhedonia 
along with physical changes such as weight 
loss, tiredness and loss of appetite as well as 
feeling of guilt with cognitive challenges, sleep 
abnormalities and lack of drive.3,4 As per the 
estimates of World Health Organization (WHO), 

it is the second-leading cause of disability 
worldwide across diverse demographics affecting 
322 million people.2,5-7 In the United States 
alone the lifetime prevalence of MDD is as high 
as 16.9%.8,9 Approximately 25 million people 
approximately are suffering from MDD in 
Europe, which accounts for about 3.5% of the total 
population.10 The estimated yearly prevalence of 
MDD in Spain is approximately 4% and is one 
of the most diagnosed psychiatric disorders in 
general population.10-12 It is associated with high 
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rate of suicidal behaviour and mortality and is 
projected to be the leading cause of disability by 
2030.13,14 It is one of the leading causes of people 
living with disability with a significant increase 
in rates during the last decade,15,16 contributing 
to 7.5% of all years lived with disease.6,7 As per 
WHO reports major depressive disorder is the 
leading cause of years lost due to disability (YLD) 
and ninth leading cause of functional disability-
adjusted life years (DALYs) in 2012.8 Major 
depressive disorder costs about £27.1 billion in 
United Kingdom and majorly being attributed 
to cost of lost productivity.17 The occurrence of 
MDD has increased with certain correlation with 
social development,18 with a greater number of 
patients being diagnosed at a younger age group 
and women being twice at risk as compared to 
men, likely due to development and increase 
life pressure.19 MDD is also shown to have 
seasonal variation with higher incidence being 
reported in autumn and winter.20 The diagnostic 
criteria for Major Depressive Disorder has been 
listed in DSM-5 (Diagnostic and Statistical 
Manual of Mental Disorders) and International 
Classification of Disease-10 (ICD-10); however, 
early detection and prevention is difficult mostly 
due to lack of characteristic symptoms and 
objective diagnosis.3,21-23 A patient experiencing 
altered mood, impaired daily activities and 
habits, weight changes, disturbance in sleep, 
loss of energy and lack of interest in pleasurable 
things for a period of more than 2 weeks along 
with social and occupational imbalance is 
suffering from MDD.24,25 The management of 
MDD mainly focuses on improving the quality of 
life of the patients suffering from this disorder.26 
While the diagnosis of major depressive disorder 
is complicated by comorbidity and heterogeneity, 
there are several treatment options including 
both pharmacological and psychological 
treatments.15,27

Treatment with antidepressant drugs during the 
acute stage of the disease aims to help the patient 
achieve a remission state with gradual return to 
baseline level of functioning. Various modalities 
of treatment are given during the acute phase of the 
disease which include initiating pharmacotherapy, 
focussed psychotherapy, or electroconvulsive 
therapies (ECT).13 The conventional treatment 
of Major Depressive Disorder has largely 
been based on monoamine hypothesis. This 
hypothesis has implicated an imbalance in 

the neurotransmitters for the pathophysiology 
of depression. The neurotransmitter majorly 
implicated are noradrenaline, serotonin, and 
dopamine.28 This hypothesis has been the guiding 
principle for treatment of depression for the past 
several decades.  The treatment of MDD with the 
various classes of drugs available ranging from 
tricyclic antidepressants (TCAs) to selective 
serotonin reuptake inhibitors (SSRIs) there is 
still persistence of treatment-resistant depression 
(TRD). A substantial proportion of patients 
suffering from MDD cannot achieve full remission 
despite dose titration with the currently available 
therapy.1,29 The Sequenced Treatment to Relieve 
Depression (SART*D) study demonstrated that 
patients on first line antidepressant drugs achieved 
a remission rate of approximately 30%, the study 
further showed that the cumulative remission 
rate in patients receiving four step treatment 
was only 67%.30-32 The patient who experiences 
of recurrence of major depressive disorder often 
tend to come with complaints of fatigue, low 
mood, loss of interest in life, delayed thinking and 
fluctuation in mental state.31 The present therapy 
undermines the complexity of the disorder and 
hence there is need for newer strategies to treat 
depression.8 The current modalities of treatment 
of MDD have delayed onset of the therapeutic 
action posing a significant challenge in the 
treatment during the stage of acute illness. Apart 
from their slow response.8 The antidepressants 
drugs are associated with frequent adverse effects 
which include gastrointestinal disturbances, 
sexual dysfunctions, and tolerance limited their 
long-term adherence.25,32

Prescription of drugs used for major depressive 
disorder has increase to more than fivefold 
in United States alone since the introduction 
of SSRIs. The percent of adults in the United 
States between 2015 and 2018 on medication 
for depression have increased more than five 
folds to 13.2% compared to time between 1988 
and 1994.33,34 Drugs for depressive disorders 
are amongst the most prescribed medications in 
adults between 20 to 59 years of age in the United 
States.33,35 

Delivery of Psychotherapy has its own set of 
limitation and one of them is in form of delivery 
practices. The use of information technology 
can delve into the problem of delivery of 
psychotherapy in the form of internet-delivered 
psychological treatments. These treatments 
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have been found to work at par and sometimes 
as a replacement for face-to-face treatments.36 
Internet based psychotherapy – internet-delivered 
cognitive behavioural therapy (ICBT) has been 
in use for the past more than two decades and 
has yielded long-term effects as with cognitive 
behavioural therapy (CBT).37,38

As the clarity on pathophysiology further 
unfolds apart from the neurotransmission theory 
of depression, the role of disrupted signalling 
pathway and neuroplasticity also play their part in 
depression. In patients suffering from depression 
there has been role of reduced neurotropic factor 
expressions and altered functional connectivity 
of neurocircuitry,39 which could be potential new 
therapeutic target in the treatment of depression. 
Studies have found that the current treatment 
with antidepressant drugs might exert their 
effect by increasing neural plasticity.40,41 Long-
term administration of fluoxetine can enhance 
synaptic plasticity and increase postsynaptic 
spine density.8,41

NEWER THERAPEUTIC APPROACH IN 
DEPRESSIVE DISORDERS
Ketamine and Esketamine: Ketamine when given 
in sub-anaesthetic doses leads to rapid effect and 
has thus challenged the role of monoaminergic 
hypothesis of pathophysiology of depression.42 
The focus now shifts on the glutamatergic 
dysfunction as one of the pathophysiology 
of depression. One of the primary excitatory 
neurotransmitters, glutamate has a role in synaptic 
plasticity as well as learning and memory. 
Synaptic plasticity has been implicated to have an 
important role in normal emotional functioning 
and cognition43 through the N-methyl-D-aspartate 
(NMDA) and alpha amino-3-hydroxy-5-methyl-
4-isoxzole propionic acid (AMPA) receptors.1 
The NMDA is a heteromeric ionotropic receptor 
with binding sites for both glutamate and glycine 
(NR2 and NR1 subunits respectively) and being 
kept in inhibitory control by magnesium ion – 
ketamine binds to NR2 subunit non-selectively 
as an antagonist.24 Ketamine in sub-anaesthetic 
doses facilitates psychotherapeutic process 
and is involved in fear extinction, restructuring 
of traumatic memories and new memory 
formation.44,45

Any change wither in the expression of function 
of NMDA or AMPA receptor could potentially 

contribute to depressive symptoms.1 Another 
factor implicated to be reason for depressive 
symptoms is decreased levels of neurotrophic 
factors like BDNF (Brain-derived Neurotrophic 
factor) and glutamate is linked to expression of 
neurotrophic factors supporting growth, survival, 
and function of neurons.46 Glutamate causes 
modulation glutamatergic system via antagonism 
at NDMA receptor and activation at AMPA 
receptor thereby relieving depressive symptoms 
quickly.47 Ketamine when used to treat depression 
is delivered over a period of 30-40 minutes 
with monitoring of blood pressure, heart rate 
and temperature monitoring through either the 
intravenous, intramuscular or intranasal route in 
a dose range of 0.5 mg/kg to 1 mg/kg along with 
conventional treatment.1,48 Ketamine when given 
by the intravenous route reduces the suicidal 
ideation in patient with depression for up to five 
days after a single dose [6, 49]. In comparison to 
treatment with midazolam, ketamine had better 
glutamate receptor modulator with effects seen at 
24 hours and lasting up to 14 days.49-51

Several studies have showed that treatment 
of patients with an intravenous infusion of 
ketamine have demonstrated effectiveness in 
improvement in symptoms, even in patients 
who are resistant to standard treatment.1,52 

Another study a meta-analysis of either use of 
ketamine/esketamine showed an improved rate 
of response, higher remissions and decrease in 
the severity of depressive symptoms as compared 
to placebo. The number of adverse events were 
like placebo.53 Another systematic review 
demonstrated ketamine to have rapid onset of 
action in extremes of age groups (<18 years and 
>60 years).54 Another meta-analysis of involving 
1877 patients showed that racemic ketamine 
demonstrated greater overall response and 
remission rates with lower dropouts.55 A double-
blind withdrawal study on treatment resistant 
depressive (TRD) showed that continuous 
treatment of esketamine nasal spray along with 
conventional antidepressants was superior 
to placebo and delayed relapse in patients.56 

Intranasal esketamine has been approved by US-
FDA in 2019 for patients with treatment resistant 
depression.57 Common side effects of ketamine in 
the treatment of depression include dissociation, 
hallucinations, confusion, elevation of blood 
pressure and heart rate, nausea, vomiting, and 
dizziness.1,6,58 Use of esketamine has its own set 
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of adverse effects with patients reporting with 
urinary pain, hyperhidrosis, suicidal ideation 
and dissociation limiting its clinical applications 
in treatment resistant depressive patients.59-61 
One of the major clinical limitations for the 
administration of ketamine to patients suffering 
from treatment resistant depression is the short 
duration of action and frequent administration by 
an interventionist.24,62

Nitrous Oxide: Like Ketamine, Nitrous oxide 
(N2O) is also an NMDAR antagonist which has 
shown to restore synaptic plasticity and activate 
the neuronal nitric oxide synthase  Nitrous 
oxide has shown to decrease the depressive like 
behaviour in mice has shown to have increase 
expression of BNDF with a high response rate 
in treatment resistant depressive patients though 
its adverse effect and inconvenient mode of 
administration limits its widespread use . Another 
NMDAR antagonist Memantine has shown 
effect with combination therapy specifically in 
elderly population. Many drugs acting on the 
NMDAR pathway have shown to be effective 
in antidepressant therapy namely Riluzole, 
Amantadine, Lanicemine and MK-801.1,6,24

Anti-inflammatory Drugs: Studies have also 
demonstrated that an imbalance in the immune 
system especially the response to inflammation 
could have a plausible role in depression. Patients 
with depressive symptoms have invariably had an 
increased levels of cytokines like interleukin-6 
(IL-6), tumour necrosis factor-alpha (TNF-α) and 
C- reactive protein (CRP). The raised level of these 
cytokines could possibly disrupt the process of 
neuroregulation and trigger neuroinflammation.63 
As inflammation is presumed to play a role, study 
done on the use of anti-inflammatory drugs in 
major depressive disorder have shown to reduce 
symptoms better as compared to placebo. Further 
analysis has shown that anti-inflammatory drugs 
have produced a greater response rate as compared 
to placebo with a better remission rate, moreover 
sub-group analysis have shown to be effective as 
either monotherapy or adjuvant to other drugs.  A 
wide variety of drugs have shown to be effective 
for their effects including NSAIDs (non-steroidal 
anti-inflammatory drugs), statins, minocycline’s 
and omega-3 fatty acids.64

Neuropeptide Y: Neuropeptide Y has been 
seen to be reduced in patients with major 
depressive disorder and when neuropeptide Y 
was administered with other antidepressants 

demonstrated significant effect within 24 hours of 
administration, but the effect was not persistent.6

GABA Inhibitors: Gamma-aminobutyric acid 
(GABA) is an inhibitory neurotransmitter acting 
via metabotropic and ionotropic receptors and 
an alteration in the GABAergic system could 
possibly cause an imbalance in excitation/
inhibition thereby leading to depression.65-68 Pre-
clinical studies have predicted that drugs acting 
on the metabotropic GABAergic receptors have 
antidepressant activity which includes muscimol, 
valproic acid diazepam, oxcarbazepine and 
carbamazepine. GABAergic system plays a 
role in the serotonergic system, glutamate 
changes and the excitatory-inhibitory balance of 
cortex contributing to antidepressant action of 
ketamine.24 Metabotropic receptors seem to be 
involved in affective disorders with dysregulated 
GABAergic pathway leading to decrease in 
GABA synthesizing neurons in the orbitofrontal 
complex.69 This decrease is also seen in patients 
suffering from postpartum depression and 
treatment resistant depression.70,71 Brexanolone is 
an allosteric modulation at the GABAA receptor 
which have potential to be used as a therapeutic 
option for major depressive disorder. Brexanolone 
resembles allopregnanolone which tends to 
increase the GABA mediated signalling through 
positive allosteric modulation.72 Brexanolone 
was approved by FDA for postpartum depression 
in March 2019, provided at healthcare facilities 
with intravenous administration monitoring and 
adherences to REMS.73 A study has demonstrated 
that brexanolone when given in women with 
postpartum depression showed greater response, 
and higher remission rates as compared to 
placebo. On infusion of brexanolone the response 
commenced within 24 hours with a peak at 36 
hours and was present for 7 days. The adverse 
effect profile and tolerance to brexanolone were 
like placebo.74

Opioids Receptors: The various opioid receptors 
the – delta (DOR), kappa (KOR), and mu (MOR) 
are responsible for regulation of reward process, 
mood and stress response which is mediated 
by GPCR. Buprenorphine a partial agonist-
antagonist had been approved for the treatment of 
withdrawal symptoms due to opioid dependence 
and as an analgesic for moderate-to-severe 
pain.75,76 Buprenorphine has been found effective 
in improving symptoms in treatment resistant 
depression with improved mood and reduced 
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suicidal behaviour and anxiety without any serious 
adverse effect.77,78 Nalmefene another agonist-
antagonist on opioid receptor tends to decrease 
hyperactivity in HPA axis and increases BNDF 
expression thereby preventing inflammation-
induced depressive-like behaviors in rodents.79 
Tianeptine possess antidepressant action and is an 
opioid receptor agonist with minimal effect on sleep, 
memory or cognitive function.80 Evidence suggests 
that there is reduced inflammatory markers in 
hippocampus and prefrontal cortex and decreased 
depressive-like behaviour in rodents.81 Reports 
suggest that the efficacy of tianeptine is increased 
when used in combination with other drugs, 
combining with cannabinoids has shown reduced 
depressive-like behaviour in mice.82 Targeting the 
opioid receptor as it plays a role in stress, mood, 
reward as well as cellular inflammations could 
play futuristic role in treatment, but the liability 
of abuse potential and tolerance remains the major 
challenge in its usage.83-85

Psychedelics: Psychedelics like lysergic acid 
diethylamide (LSD), 3,4-methylenedioxy-N-
methylamphetamine (MDMA) and psilocybin are 
known to exert their effect through the serotonin 
receptors (5-HT2A) and can have a potential role 
in treatment of depressive disorders. Psychedelics 
modulate the serotonin receptors which could 
possibly lead to varied neural connectivity 
pattern, greater neuroplasticity and change in 
default mode network (DMN) activity.86 In a 
systematic review and meta-analysis, the use of 
psychedelics with psychological support showed 
a reduction in symptoms at variable times from as 
early as 1-day to 1-week to 3-5 weeks but there 
were several limitations in these studies which 
included poor study design, small sample size 
hence the generalizability is difficult to predict.87 
Though psychedelics are well-tolerated, there 
are always possibility of dependence potential, 
exacerbation of pre-existing mental disorders and 
acute psychological distress always are potential 
alarms hence there is need for rigorous screening 
protocol with supportive therapeutic setting.88

PPAR Agonist: Peroxisome Proliferator-Activated 
Receptors have their implications on glucose 
regulation, inflammation, energy homeostasis 
and metabolism of lipids. The three subtypes of 
PPAR – alpha, beta/ delta and gamma (α, β/δ, and 
γ) are decreased in depressive behaviors, could 
potentially be one of the targets for management 
of depression.89 Further evidence suggest shows 

that there is reduced neurogenesis, behavioural 
changes and neuronal differentiation are seen in 
knockdown mice in the PPAR-γ in hippocampus.90 
Role of PPAR gains further importance as few 
antidepressant drugs like venlafaxine are activated 
for their action in depression.91 Combination of 
simvastatin with PPAR-γ agonist – Pioglitazone/ 
Rosiglitazone has demonstrated anti-inflammatory 
effect with reduced levels of expression of TNF-α, 
IL-6, and IL-1β, and in astrocytic activation in 
hippocampus as well as improved behaviour in rat 
model of depression.92

Traditional Plants: Ayahuasca, a traditional plant 
medicine, is in use as a part of the indigenous 
cultures for centuries in Amazon rainforest 
contains alkaloid dimethyltryptamine (DMT) 
which possess hallucinogenic properties.  DMT 
is a serotonin receptor agonist and possess 
sigma-1 receptor agonist activity which acts on 
the neurotransmission of dopamine.93 Studies 
have shown that patients of major depressive 
disorder treated with ayahuasca showed 
significant antidepressant effect which increased 
from day 1 to day 7 as compared to placebo with 
vomiting being the most common adverse effect 
experienced by patients.94

Microbiota: The gut microbiota has the potential to 
influence mental health via the gut-brain axis with 
prebiotics and probiotics are helpful in alleviating 
the symptoms of depression.95 Probiotics strains 
like Lactobacillus and Bifidobacterium when 
administered can alter the gut microbiome, 
impacting the mental health. Probiotics are 
believed to have neuroprotective effect and anti-
inflammatory action with potential to alleviate 
symptoms of depression. Probiotics play a role in 
metabolism and synthesis of serotonin and GABA 
thereby having potential to impact mood.95 The 
non-digestible fibre in prebiotics like lactulose 
and galactose derivatives tend to selectively 
stimulate growth of gut bacteria that increases 
microbial diversity leading to production of 
short chain fatty acids (SCFAs). SCFAs have a 
neuroinflammatory and mood modulatory role.95 
A study revealing the gut microbiota showed that 
patients with altered gut clostridial population 
was associated with depression and reduced 
Bacteroides was associated with anxiety.96 
Another study revealed that participants receiving 
probiotics (Bifidobacterium) had significant 
increase in BNDF along with lower stress scores 
and greater mental flexibility.97
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CONCLUSION
As our understanding to the pathophysiology of 
depression has greatly increased so also have the 
newer modalities of treatment of depression which 
have shown significant evidence of improvement 
for patients suffering from depression. To 
conclude many treatment modalities have shown 
considerably proof of evidence for treatment of 
depression with drugs varying from ketamine and 
esketamine which act on the glutamate pathway.  
Ketamine in sub-anaesthetic doses facilitates 
psychotherapeutic process and leads to fear 
extinction, restructuring of traumatic memories 
and new memory formation.  Treatment with 
an intravenous infusion of ketamine have 
demonstrated effectiveness in improvement 
in symptoms with major limitations being the 
administration of ketamine. Nitrous Oxide acting 
via NMDAR pathway increases expression of 
BNDF with a high response rate in treatment 

resistant depression.  A wide variety of anti-
inflammatory drugs have shown to be effective.  
Brexanolone, an allosteric modulator at the 
GABAA receptor which have potential to be 
used as a therapeutic option for major depressive 
disorder. PPAR Agonist could potentially be 
benefit for treatment of depression and so also is 
the role of gut microbiota. Though preliminary 
evidence suggests the benefits of most of these 
drugs but still long-term studies are required for 
more conclusive evidences. 
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