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Abstract:

Depression, also known as depressive disorder, is a
common psychological disorder. The phosphatidylinositol
3 kinase (PI3K)/protein kinase B (AKT) signaling
pathway can affect neurophysiological processes directly
related to depression, such as synaptic transmission and
neuroinflammatory response, by regulating downstream
key molecules. This article explores the impact of the PI3K/
AKT pathway on depression. Through comprehensive
literature analysis, this article shows the main molecular
mechanisms of the PI3K/AKT signaling pathway and
emphasizes the regulatory role of this pathway in synaptic
plasticity, neuroinflammation, and dopamine expression,
which directly affect depression. By consulting the recent
progress in the development of medicines for depression
and figuring out the underlying mechanism, this article
concludes that medicines based on the PI3K/AKT pathway
have great potential. If the potential safety issues can be
addressed and the efficacy of the medicine treatment can be
further improved, depression patients worldwide could be
largely cured with medicines that modulate the PI3K/AKT
pathway.
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1. Introduction

ic factor (BDNF) is one of the key elements in the
pathogenesis of depression. It can modulate its own

Depression, also known as depressive disorder, is
a kind of common mental disorder. Its core feature
is that patients experience severe and persistent de-
pressive emotions, and severe patients may exhibit
self-harm, suicidal behavior, often accompanied
by delusions, hallucinations, and other psychiatric
symptoms. The causes of depression are complex
and involve multiple mechanisms, some of which are
not yet fully understood. Brain-derived neurotroph-

downstream signaling pathways to influence depres-
sion.

The phosphatidylinositol 3 kinase (PI3K)/protein
kinase B (AKT) signaling pathway is a downstream
pathway of the BDNF pathway, which plays a cru-
cial role in the life of cells. It can be activated by
a variety of factors, influencing cell proliferation,
differentiation, and apoptosis, and is deeply involved
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in cellular processes associated with depression. Mean-
while, experimental evidence suggests that this pathway is
closely related to the incidence of depression. Therefore,
exploring the role of the PI3K/AKT pathway is expected
to discover new targets for depression treatment.

This study focuses on the PI3K/AKT pathway and ex-
plores its mechanism of action and the key enzymes and
proteins involved. PI3K is activated by the receptor tyro-
sine kinase (Trk) produced by the BDNF upstream path-
way, which is converted to phosphatidylinositol 3,4,5-tri-
phosphate (PIP3) after a few reactions. PIP3 will then
recruit AKT onto the cell membrane and activate it. After
that, AKT can further drive downstream pathways by gen-
erating a second messenger. Key enzymes and proteins in
this pathway include PI3K, AKT, and their downstream
targets.

This paper uses the research methods of a literature re-
view. By synthesizing the results of multiple studies, re-
searchers can gain a general understanding of the role and
specific mechanism of the PI3K/AKT pathway in depres-
sion, whether clear or not.

The primary objective of this study is to uncover the spe-
cific roles of key proteins and enzymes in the PI3K/AKT
pathway in depression, therefore providing a basis for the
development of subtype-specific targeted medicines. This
allowed researchers to understand how each protein and
enzyme causes depression at a pathophysiological level.
For example, certain proteins may act as regulators, con-
trolling the activation or inactivation of pathways, while
enzymes may be responsible for catalyzing key biochem-
ical reactions that affect synaptic plasticity — all of which
are key factors in depression. Of course, there may be

some more complex mechanisms of interaction between
these enzymes and proteins, which call for further re-
search.

The development of targeted medicines using molecules
in the PI3K/AKT pathway as targets has a wide range of
prospects and is likely to become a hot topic in the near
future. As long as side effects can be overcome, medicines
that target this signaling pathway could become the first
choice for treating depression—either alone or in cocktail
therapy.

2. Depression

Depression is a common psychological disorder that can
be caused by a variety of factors, including genetic predis-
position, neurochemical imbalances, and environmental
stressors. It can lead to psychological distress, impaired
cognitive function, social withdrawal, an increased risk of
cardiovascular disease, and even suicide.

Current treatment modalities for depression include phar-
macological treatment, psychotherapy, and neuromodula-
tion. However, existing treatments still have limitations.
Traditional antidepressants usually take 4-6 weeks to
work, and the efficacy is affected by genetic polymor-
phisms that determine medicine metabolism [1].

3. BDNF

BDNEF is a core member of the neurotrophic factor family
and is widespread in the central nervous system (CNS).
BDNF reduces neuronal cell apoptosis, promotes synaptic
regeneration, and improves cognitive function.
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Fig. 1 BDNF gene and stimulated intracellular signaling cascades after activation of TrkB (A)
Mouse and rat BDNF genes (B) Intracellular signaling after TrkB activation [2]

As shown in figure 1, by binding to the TrkB, BDNF in-
duces TrkB dimerization and, at the same time, activates
the intrinsic tyrosine kinase, which in turn phosphorylates
and activates downstream signaling pathways.

The hippocampus is a central region of the brain. It is
responsible for learning and memory. BDNF can act as
a regulator to regulate the synaptic plasticity of neural
synapses in the hippocampus through its downstream
pathways. BDNF improves synaptic transmission efficien-
cy by enhancing presynaptic membrane neurotransmitter
release and postsynaptic membrane receptor sensitivity
[3]. At the same time, BDNF also regulates the activity of
dopaminergic and serotonergic neurons, affecting mood
and reward systems. Neuroinflammation is an important

pathological mechanism of neurodegenerative diseases,
and BDNF can exert a neuroprotective effect by inhibiting
microglial activation and reducing the release of pro-in-
flammatory factors.

4. PI3K/AKT pathway

4.1 PI3K and AKT

The PI3K family is lipid kinases that phosphorylate the
hydroxyl group of phosphatidylinositol to produce a sec-
ond messenger, such as PIP3. AKT is a serine/threonine
kinase. It is the main downstream effector of PI3K. Acti-
vated AKT phosphorylates over 100 substrates to regulate
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the cell life cycle.

4.2 PI3K/AKT pathway
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Fig. 2 Upstream activation of the PI3K/Akt signaling pathway [4]
The PI3K/AKT pathway constitutes a key signaling net-  AKT is phosphorylated at the Thr308 and Ser473 sites for
work that controls cellular homeostasis. It can be seen  full activation [5]. Activated AKT inhibits apoptosis by
in figure 2, PI3K stimulated by growth factors generates  inhibiting pro-apoptotic proteins and promotes cell cycle
PIP3, which recruits AKT to the cell membrane through  progression through mTORC1-mediated protein synthesis.
its pleckstrin homology (PH) domain. Membrane-bound
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Fig. 3 Activation of the mTOR pathway [6]

As shown in figure 3, activated AKT inhibits its function
by phosphorylating the tuberous sclerosis complex (TSC)
1/TSC2 complex, activating Rheb in the form of GTP
binding, which originally inhibited Rheb, therefore acti-
vating mTORC1. The mTORCI1 complex is a key integra-
tor in central nervous system development.

The mTORCI1 works in two ways. On the one hand, it
phosphorylates eukaryotic translation initiation factor
4E-binding protein (4E-BP) and dissociates 4E-BP from
eukaryotic initiation factor 4E (eIF4E). After the disso-
ciation, elF4E can form a translation initiation complex
to initiate the translation of mRNA. On the other hand, it
phosphorylates ribosomal protein S6 kinase (S6K), which
in turn phosphorylates eukaryotic elongation factor-2 ki-
nase (eEF2K) and inhibits the activity of eEF2K. Inhibited
eEF2K will relieve its inhibition of eEF2 and promote the
elongation of the polypeptide chain.

Translation products can be divided into three categories.
The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor (AMPAR) subunit will be inserted into the
postsynaptic membrane to enhance synaptic excitatory
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transmission. At the same time, the translation will pro-
duce more BDNF, forming a positive feedback loop.
Reduced levels of mTOR phosphorylation regulated by
the PI3K/AKT signaling pathway affect the activation of
p70S6K, further resulting in reduced transcription of sev-
eral synaptic proteins [7].

However, animal models mimicking depression have
shown that the effect of mTOR phosphorylation levels on
depression is not monotonous. Recipients of dexametha-
sone (DEXA; 20 mg/kg) for 21 days showed depressive
behavior while mTOR activity in their brains increased.
In contrast, mice that were given higher or lower doses of
DEXA did not exhibit these behaviors [8]. This unexpect-
ed result suggests that there may be some complex and
still unknown mechanisms by which mTOR phosphoryla-
tion levels affect depression.

4.4 Inhibits inflammation

Dysregulation of the immune system, especially the in-
flammatory response, can lead to the onset of depression.
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The reason for this is that inflammation can lead to neu-
ronal damage, glial damage, and reduced secretion of the
monoamine transmitter serotonin (5-HT), which in turn
leads to damage to neural connections in abnormal con-
nections in brain regions.

The PI3K/AKT pathway could regulate microglial polar-
ization, which in turn regulates neuroinflammation levels.
It transforms microglia between the pro-inflammatory
phenotype and the anti-inflammatory one, thereby inhibit-
ing the inflammatory response that contributes to depres-
sion [9].

4.5 Maintains dopamine expression

Dopamine is responsible for transmitting information
about excitement and happiness, and plays an important
role in mood regulation. Patients with depression often
have abnormalities in the function of their dopamine sys-
tem, such as problems in the synthesis, release, or receptor
binding of dopamine.

The PI3K/AKT pathway inhibits CREB phosphorylation
and tissues enter the nucleus, thereby inhibiting CREB
binding to CRE sites in the TH promoter region. In this
case, TH transcription will be inhibited, weakening the
TH inhibition of dopamine synthesis [10].

5. Strategies for the treatment of de-
pression using the PI3K/AKT pathway

The PI3K/AKT pathway is able to synergize with other
signaling pathways, such as the ERK/MAPK pathway,
to modulate antidepressant responses. In the case of ket-
amine, it is an antidepressant that inhibits NMDA recep-
tors and activates PI3K/AKT and ERK pathways in the
lateral hypothalamic nucleus (LHb) to exert its long-last-
ing effects. This dual activation inhibits overactive neuro-
nal burst firing — a hallmark of depression by promoting
neurotrophic signaling and inhibiting pro-inflammatory
cytokines. Specifically, ketamine promotes phosphoryla-
tion of AKT and ERK, which in turn upregulates the ex-
pression of BDNF and promotes CREB phosphorylation,
thereby restoring synaptic plasticity [11]. However, this
therapy has not yet become widespread because of ket-
amine’s psychoactive side effects, such as dissociative and
psychotomimetic effects, memory and cognitive impair-
ment, and abuse [12]. Even with these deficiencies, future
researchers can minimize side effects while improving
efficacy by adjusting medicine dosages, selecting softer
binding medicines, and even developing new medicines
that target downstream effectors of the facilitating path-
way.

6. Conclusion

This study demonstrates the effects of the PI3K/AKT
pathway on depression. The PI3K/AKT pathway influenc-
es depression by affecting multiple mechanistic profiles
such as synaptic plasticity, neuroinflammatory response,
and dopamine expression. After understanding these
mechanisms, medicine developers can conduct experi-
ments to explore the effects of various medicines on the
expression level, phosphorylation activity, and functional
status of core molecules in key links of this pathway to
screen highly effective antidepressants. Future research
should focus on explaining the ununderstood mechanisms
of Miqian, exploring synergies with other previously
thought unrelated pathways, and identifying the metrics
needed for personalized treatment. In addition, universal
approaches such as optimizing medicine delivery systems
and exploring combination therapies of multiple medi-
cines can also effectively improve efficacy. If these prob-
lems are addressed, the PI3K/AKT pathway will realize
its potential and become a key focus in the treatment of
depression. The quality of life of existing depressed pa-
tients will be effectively improved, cured patients will be
able to achieve clinical cure and significantly reduce the
risk of recurrence, and those potential patients will be able
to better prevent the deterioration of their condition.
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