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Abstract: 7,8-Dihydroxyflavone (7,8-DHF) is a kind of natural flavonoid with the potential to cross
the blood-brain barrier. 7,8-DHF effectively mimics the effect of brain-derived neurotrophic factor
(BDNF) in the brain to selectively activate tyrosine kinase receptor B (TrkB) and downstream sig-
naling pathways, thus playing a neuroprotective role. The preclinical effects of 7,8-DHF have been
widely investigated in neuropsychiatric disorders, including Alzheimer’s disease (AD), Parkinson’s
disease (PD), depression, and memory impairment. Besides the effect on TrkB, 7,8-DHF could also
function through fighting against oxidative stress, cooperating with estrogen receptors, or regulating
DOI: intestinal flora. This review focuses on the recent experimental studies on depression, neurodegen-
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1. INTRODUCTION

Flavonoids are a large class of plant secondary metabo-
lites, and they are also common polyphenols in the human
diet. Modern studies have shown that flavonoids have various
pharmacological activities, such as anti-tumor, anti-inflam-
matory, and antioxidant properties [1-4]. In recent years, there
have been increasing reports on the neuroprotective effects of
flavonoids in neuropsychiatric disorders. For example, bai-
calein, a flavonoid with neurobiological activity in Scutellaria
baicalensis Georgi, improves Parkinson’s disease (PD)-like
motor behaviors, reduces the loss of dopaminergic neurons,
and inhibits the increase of proinflammatory cytokines by
inhibiting NOD-like receptor family pyrin domain containing
3 (NLRP3)/caspase-1/Gasdermin D (GSDMD) pathway [5].
The release of harmful substances from activated astrocytes
can cause inflammation in neuropsychiatric disorders [6-8].
Flavonoids, apigenin and luteolin, prevent lipopolysaccharide
(LPS)-induced astrocyte activation and inhibit the production
of interleukin (IL)-31 and IL-33 through mitogen-activated
protein kinase (MAPK), signal transducer and activator of
transcription 3 (STAT3), and nuclear factor-kappa B (NF-kB)
signaling pathways to play a neuroprotective role [9]. Querce-
tin has a flavonoid structure, which alleviates the dyskinesia
of 6-hydroxydopamine (6-OHDA)-induced PD model rats,
reduces neuronal death, mitochondrial damage, and the
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accumulation of a-synuclein (ASN) [10]. Similarly, the neu-
roprotective effect of flavonoids in Astragalus membranaceus
on Parkinson’s disease (PD) and Alzheimer’s disease (AD)
and the beneficial effects of cocoa flavanols on cognitive func-
tion and neuroplasticity also show potential application pro-
spects [11-15]. Research results such as these have been con-
tinuously discovered, and the role of flavonoids in neuropsy-
chiatric disorders has attracted widespread attention from re-
searchers [16].

7,8-DHF is a natural compound found in Godmania aes-
culifolia, Tridax procumbens, and Primula halleri leaves
[17]. Tt is worth noting that 7,8-DHF is also found in the
whole plant of Lepisorus ussuriensis, traditional Chinese
medicine for heat-clearing and detoxification [18] (Fig. 1). In
2010, Jang et al. reported that 7,8-DHF could penetrate the
blood-brain barrier (BBB), simulate the BDNF effect, and
selectively activate TrkB receptors, which has a strong pro-
tective effect on neurons [19]. Since then, 7,8-DHF has at-
tracted wide attention as a high-affinity TrkB small molecule
agonist and has been extensively investigated in diseases
related to the BDNF-TrkB signaling pathway, including
schizophrenia [20], anxiety disorders [21], gastrointestinal
diseases [22], metabolic syndrome [23], cardiovascular dis-
eases [24], Huntington’s disease (HD) [25, 26], and Down
syndrome (DS) [27-29] (Fig. 2). Marco ef al. gave a compre-
hensive overview of the experimental evidence and potential
significance of 7,8-DHF in studying many diseases, which
will not be repeated in this review [30]. From the current
research situation, the study on the neuroprotective effect of
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Fig. (1). Chemical formula of 7,8-DHF, active site identification, and source plants. (7,8-DHF:7,8-Dihydroxyflavone). (4 higher resolu-
tion/colour version of this figure is available in the electronic copy of the article).
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Fig. (2). Effects of 7,8-DHF on neuropsychiatric disorders including depression, AD, PD, schizophrenia, anxiety disorder, and Huntington's
disease. Abbreviations: (7,8-DHF:7,8-Dihydroxyflavone, AD: Alzheimer's disease, PD: Parkinson's disease). (A higher resolution/colour

version of this figure is available in the electronic copy of the article).

7,8-DHF is more comprehensive than other effects. In view
of the excellent neuroprotection and the regulation of mental
function, can 7,8-DHF be used as a candidate drug for the
treatment of neuropsychiatric disorders? This review focuses
on the recent experimental studies on the role of 7,8-DHF in
depression, neurodegenerative diseases (Alzheimer's disease
and Parkinson's disease), and learning and memory func-
tions, summarizes the mechanisms of 7,8-DHF on neuropsy-
chiatric disorders, and puts forward the prospect of its trans-
formation from the perspective of structural modification and
preparation. It is expected to provide a reference for the fol-
low-up research and clinical drug development of 7,8-DHF
in neuropsychiatric disorders.

2. BDNF-TRKB SIGNALING PATHWAY AND NEU-
ROPSYCHIATRIC DISORDERS

2.1. BDNF-TrkB Signaling Pathway

BDNF was primarily isolated and purified from pig brain
by German neurobiologist Barde ef al. in 1982 [31]. It is one
of the most important neurotrophic factors, which forms a
family of exocrine proteins with neurotrophic factor, neu-
rotrophic factor-3, and neurotrophin-4/5 [32]. BDNF is wide-
ly present in the central and peripheral nervous systems of
the body, such as the hippocampus, amygdala, and cerebral
cortex. The structure of the human BDNF gene is relatively
complex, consisting of 11 exons, 9 of which contain func-
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tional promoters [33]. BDNF, like other members of the neu-
rotrophin family, is synthesized in the form of precursors.
After the transcription and translation of the BDNF coding
gene, the 32kDa BDNF precursor (proBDNF) is initially
synthesized, and then cleaved into mature BDNF of bioac-
tive 14 kDa under the cleavage enzymes such as furin and
proprotein convertase [34]. BDNF is released from the pre-
synaptic membrane in an activity-dependent manner and
binds to two receptors with completely different structures
on the target cell membrane [35]. One is low-affinity P75
neurotrophin receptor (P75NTR), and the other is high-
affinity TrkB, which activates downstream signaling path-
ways to promote axonal growth by maintaining neuronal
differentiation, development, growth, and survival [36]. It
also participates in the regulation of synaptic plasticity and
plays a key role in the development of the nervous system
[37].

TrkB, belonging to the Trk family of tyrosine kinase re-
ceptors, is a high-affinity specific receptor for BDNF and
one of the most widely distributed neurotrophic receptors in
the brain, which is highly enriched in the cerebral cortex,
hippocampus, striatum, and brainstem [38]. TrkB is com-
posed of a single transmembrane peptide chain. The extracel-
lular domain consists of two cysteine-rich domains, three
leucine-rich domains, and two immunoglobulin-like do-
mains. The intracellular domain contains the tyrosine kinase
domain, which is necessary for binding to BDNF with high
affinity [39, 40]. There are two TrkB subtypes in the mam-
malian central nervous system (CNS), including full-length
TrkB (TrkB-FL) and truncated TrkB (TrkB-T1). The trun-
cated TrkB receptors lack the tyrosine kinase domain of full-
length TrkB receptor cells [41, 42].

BDNF binds to TrkB receptors to form the BDNF-TrkB
signaling pathway, which is the most important signaling
pathway for BDNF to exert its biological function. When
BDNF specifically binds to the extracellular domain of
TrkB, it induces self-dimerization of TrkB, activates the ty-
rosine kinase region of the intracellular receptor, promotes
the phosphorylation of tyrosine residues of the TrkB recep-
tor, and then stimulates one or more downstream signaling
pathways, including phosphatase C-y (PLC-y), phosphatidyl-
inositol 3-kinase (PI3K), and MAPK cascades. These down-
stream signaling pathways play an important role in protect-
ing the CNS disorders by affecting neuronal proliferation,
differentiation and survival, synaptic plasticity, axon, and
dendritic growth (Fig. 3) [43-46].

2.2. BDNF and Neuropsychiatric Disorders

Neuropsychiatric disorders are a combination of neuro-
logical diseases and mental disorders, which refer to a series
of diseases that occur in the central or peripheral nervous
system and are characterized by sensory, cognitive, emotion-
al, behavioral, and psychological disorders, including PD,
AD, traumatic brain injury, depression, schizophrenia, efc.
[47-50]. The occurrence of neuropsychiatric disorders causes
great harm to human health, especially in the post-epidemic
era. The survey indicated that the probability of developing
neurological or mental disorders in the 236,000 patients di-
agnosed with COVID-19 within 6 months was as high as
33.62%, which affected the quality of life of the patients
after recovery [51]. However, the condition of neuropsychi-
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atric disorders is more complex, and there are many neural
networks involved, and the pathogenesis is not completely
clear. Modern studies have shown that neurotrophic factor
(NTF) plays a very important role in the occurrence, devel-
opment, and functional maintenance of the peripheral and
CNS. NTF can provide nutritional support for neurons and
key brain regions related to regulating emotional behaviors
in the CNS. Therefore, the occurrence of many neuropsychi-
atric disorders is closely related to the abnormal changes of
NTF [52-54].

2.2.1. BDNF is a Key Regulator of Depression

Depression is one of the most common psychiatric dis-
eases in clinics, with a high prevalence rate [55]. It is also
the primary cause of disability worldwide, which greatly
burdens medical treatment and the economy [55]. The main
characteristics of the patients are affective disorders, which
are characterized by persistent and significant low moods.
Depression has become an important factor affecting psy-
chosocial function and daily work and life. Although the
medical field has made great progress in the research on the
etiology and pathogenesis of depression, there is still no ide-
al mechanism that can fully clarify all problems of the path-
ogenesis of depression [56, 57]. In 1997, the NTF hypothesis
was proposed by Duman et al. as important pathogenesis of
depression, i.e., the occurrence and development of depres-
sion is the impairment of neuroplasticity caused by the lack
of BDNF and other neurotrophic factors [58]. Through a
clinical study on 50 major depressive disorder (MDD) pa-
tients (30 of whom had suicidal tendencies), Lee et al. found
that the expression level of BDNF in plasma of MDD pa-
tients was significantly lower than that of the healthy popula-
tion [59]. In MDD patients, the level of BDNF in suicidal
MDD patients was lower than that in non-suicidal MDD
patients, and the decrease of plasma BDNF level in MDD
patients was considered to be a pathogenic factor during the
onset of MDD [59]. Giovanni et al. conducted a clinical
study on 77 patients with depression and found that the se-
rum BDNF level of patients with depression was lower than
that of healthy people. After 2 weeks of treatment with
agomelatine, serum BDNF levels were increased, which was
associated with improved anhedonia in patients with depres-
sion [60]. Analysis of human postmortem samples showed
that the expression level of mature BDNF in the parietal cor-
tex of MDD patients was significantly lower than that of the
normal population, while the level of proBDNF was higher
than that of the normal population [61]. Animal experimental
studies on depression have also found that the BDNF level of
model animals is significantly lower than that of the control
group. After drug treatment, the BDNF level is recovered,
and the depression-like behavior is significantly improved. It
also indicates that many antidepressant drugs function by
mediating BDNF and regulating the downstream pathway
[62-66]. Similarly, it has also been reported that infusion of
BDNF into the hippocampus of a depressed animal model
also produces a long-lasting antidepressant effect [67]. A
study reported that heterotrimeric Gail and Gai3 proteins in
the hippocampus were required for the anti-depressant effect
of BDNF and the activation of downstream TrkB signal
transduction. When Gail and Goai3 were knocked out, the
endocytosis of TrkB on BDNF and the activation of down-
stream PI3K-protein kinase B (AKT)-mammalian target of
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Fig. (3). BDNF affects neuronal plasticity, survival, and nerve growth through PLC-y, PI3K, and MAPK signaling pathways. Abbreviations:
(BDNF: brain-derived neurotrophic factor, proBDNF: brain-derived neurotrophic factor precursor, PLC-y: phosphatase C-y, PI3K: phosphati-
dylinositol 3-kinase, MAPK: mitogen-activated protein kinase, AKT: protein kinase B, ERK: extracellular signal-regulated kinase, IP3: inosi-
tol 1,4,5-trisphosphate, TrkB-FL: full-length tyrosine kinase receptor B, TrkB-T1: truncated tyrosine kinase receptor B, P7SNTR: P75 neuro-
trophin receptor). (4 higher resolution/colour version of this figure is available in the electronic copy of the article).

rapamycin (mTOR) and extracellular signal-regulated kinase
(ERK)-MAPK signaling pathways were blocked. Therefore,
Gail and Gai3 proteins were down-regulated, reducing
BDNF signaling pathways in the depression model. Mean-
while, PI3K and MAPK pathways, the key pathways for
dendritic growth and development, were inhibited, leading to
dendritic atrophy and loss of dendritic spines in the hippo-
campal neurons [68]. BDNF has become a potential bi-
omarker for the diagnosis and key therapeutic target for de-
pression (Fig. 4).

2.2.2. The Decrease in BDNF Contributes to the Develop-
ment of Neurodegenerative Diseases

Neurodegenerative diseases are a type of disease that af-
fects a wide range of populations all over the world, with
rising morbidity and mortality, especially in the elderly. AD
and PD are two well-known neurodegenerative diseases [69].
Patients with AD and PD have some common clinical mani-
festations, such as cognitive impairment, memory loss, and
dyskinesia [70, 71]. It has been found that the neuropatho-
logic changes of AD patients include atrophy of the hippo-
campus and basal ganglia, loss of synapses and neurons,
accumulation of amyloid protein, and neurofibrillary tangles
composed of hyperphosphorylated tau protein [72-74]. The
main pathological features of PD patients are progressive
loss of dopaminergic neurons in the compact part of Substan-
tia Nigra and Lewy's disease caused by abnormal aggrega-
tion of ASN [75]. Although the two have different patholog-
ical characteristics, a large number of studies have shown
that the expression level of BDNF in the brain of AD and PD
patients is negatively correlated with the severity of the dis-
ease [76, 77]. Clinical studies have found that the expression
level of serum BDNF of AD patients is significantly lower

than that of healthy people [76, 77]. After drug treatment, the
BDNF level has been reversed to a certain extent, and the
development of AD is delayed [76, 77]. At the same time,
Romain ef al. also found that the expression level of BDNF
decreased in the brain of AD patients, which was consistent
with the expression trend of serum BDNF [78]. Jiao et al.
reported that the level of BDNF in the brain of AD mice was
low [79]. Restoring the expression of BDNF in AD mice
blocked the loss of neurons, reduced synaptic degeneration
and neurogenic damage, and had a protective effect on amy-
loid-beta (Ap)-induced neurotoxicity [79]. A number of clin-
ical studies have detected the level of BDNF in the blood of
PD patients. The results showed that the level of BDNF in
the blood of PD patients was significantly lower than the
healthy group, which might be related to the degeneration of
dopaminergic neurons in patients [80-83]. Our team also
found a downward trend of BDNF expression in the animal
model of PD, which was consistent with the results of clini-
cal samples [84]. Xu et al. demonstrated that the expression
of BDNF decreased, and motor dysfunction occurred in
MPTP-induced PD model mice [85]. Lactoferrin (Lf) pre-
vented the loss of dopaminergic neurons and provided neu-
roprotection. Its mechanism was not only related to the regu-
lation of iron metabolism but also depended on the anti-
inflammatory, anti-oxidative, and BDNF activation effects of
Lf [85]. The above studies indicated that the normal and sta-
ble level of BDNF had a protective effect on neurons and
delayed the occurrence of neurodegenerative diseases.

2.2.3. BDNF Participates in the Improvement of Learning
and Memory

Due to the progressive loss of brain neurons and synaptic
deficits in neuropsychiatric disorders, the learning and
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Fig. (4). BDNF is correlated with the occurrence of depression and its antidepressant effects. Stress reduces synaptic plasticity, neuronal sur-
vival, and nerve growth through BDNF-TrkB and downstream signaling pathways, thereby affecting hippocampal function and inducing de-
pression. The antidepressant drugs restore hippocampal function by up-regulating the expression of impaired signaling pathways and produce
antidepressant effects. Abbreviations: (BDNF': brain-derived neurotrophic factor, TrkB: tyrosine kinase receptor B, PLC-y: phosphatase C-
y, PI3K: phosphatidylinositol 3-kinase, MAPK: mitogen-activated protein kinase, AKT: protein kinase B, ERK: extracellular signal-regulated
kinase, IP3: inositol 1,4,5-trisphosphate). (A higher resolution/colour version of this figure is available in the electronic copy of the article).

memory functions are seriously affected, including the for-
mation of new memory and the extinction of fear memory
[86]. A large number of experimental studies have shown
that the decline of learning and memory is related to synaptic
deficit and neuronal loss, and BDNF is a key neurotrophic
factor to maintain synaptic structure [87-89]. Therefore, the
key point to improving the impairment of learning and
memory caused by synaptic damage or neuronal loss lies in
promoting the expression of BDNF [87-89]. In our study, we
found that after 14 consecutive days of curculigoside (CUR)
treatment, the spatial memory was improved in the mice
model of learned helplessness (LH), and extinction of fear
memory was also accelerated by promoting the expression of
BDNF in the hippocampus through activating the AKT-
mTOR signaling pathway [90] (Fig. 5). Esmaeil et al. used
LPS to replicate the learning and memory impairment model
of adult male rats. After 3-week of Levisticum officinale ex-
tract (LOE) treatment, the dysfunction of learning and
memory was alleviated. Mechanically, LOE improved the
learning and memory likely through increasing the level of
BDNEF in the brain and promoting hippocampal neurogenesis
[91]. Saray et al. pointed out that insufficient secretion of
BDNF was associated with cognitive impairment in HD
mice. Supplementation of BDNF restored synaptic deficits
and reversed cognitive impairment in HD mice [92]. Rele-

vant experimental studies on improving the expression of
BDNF in the brain to recall the decreased learning and
memory ability have been reported successively [93, 94]. It
is also confirmed that BDNF has a protective effect on neu-
rons and has become an important target for the treatment of
memory impairment [95].

3. EFFECTS OF 7,8-DHF ON NEUROPSYCHIATRIC
DISORDERS AND THE MECHANISMS

Although BDNF has important therapeutic significance
for neuropsychiatric disorders, exogenous BDNF is partially
blocked by the BBB and is difficult to access the brain re-
gions, which limits the therapeutic potential of BDNF [96].
Therefore, looking for BDNF mimics that can penetrate the
BBB has become a key way to develop therapeutic drugs for
neuropsychiatric disorders. In 2010, a study published in
PNAS by Jang et al. showed that 7,8-DHF was a high-
affinity TrkB small molecule agonist. After intraperitoneal
injection, it could pass through the BBB and mimic BDNF to
selectively activate TrkB receptors in the brain. It had a
powerful protective effect on neurons [19].

3.1. 7,8-DHF and Depression

Based on the NTF hypothesis, the deficiency of BDNF
can lead to neuronal damage, and 7,8-DHF, as a mimic of
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Fig. (5). Curculigoside increases the level of BDNF, the level of p-AKT and p-mTOR in the hippocampus of the LH model, and improves the
spatial memory ability of the model, and accelerates the extinction of fear memory by activating the AKT-mTOR signaling pathway. Abbre-
viations: (BDNF: brain-derived neurotrophic factor, proBDNF: brain-derived neurotrophic factor precursor, TrkB: tyrosine kinase receptor
B, AKT: protein kinase B, mTOR: mammalian target of rapamycin, CUR: curculigoside, HIP: hippocampus, CREB: Cyclic AMP response-
element binding protein, LH: learned helplessness, ATP: adenosine triphosphate, ADP: adenosine diphosphate). (A higher resolution/colour

version of this figure is available in the electronic copy of the article).

BDNF, can simulate the protective effect of BDNF on neu-
rons and is an effective anti-depressant. Yukihiko et al. rep-
licated the LH depression model in rats and injected single
microinjection of the TrkB agonist 7,8-DHF into the lower
edge of the medial prefrontal cortex (mPFC), dentate gyrus
(DG), and hippocampal CA3 area of bilateral brain regions.
The results showed that the depression-like behaviors of the
LH model were improved by 7,8-DHF. This was consistent
with the increase of TrkB phosphorylation in the brain by
antidepressants (such as fluoxetine). It is suggested that 7,8-
DHF may exert antidepressant effects by activating TrkB in
the mPFC, hippocampal DG, and CA3 region [97]. Similar-
ly, we also showed that 7,8-DHF could improve the depres-
sion-like behaviors of LH model mice. This effect might be
generated through the activation of the AKT-mTOR signal-
ing pathway and the downstream of TrkB [90]. Zhang et al.
pointed out that LPS induced inflammation in mice, leading
to obvious depression-like behaviors and reducing the ex-
pression of BDNF in hippocampus CA3, DG, and PFC,
thereby resulting in abnormal BDNF-TrkB signaling path-
way. Intraperitoneal injection of 7,8-DHF reduced the de-
pression-like behaviors in mice, and at the same time, atten-
uated the decrease of p-TrkB level. It suggested that the anti-
depressant effect of 7,8-DHF might be related to the im-
provement of the abnormality of dendritic spines in the hip-
pocampus and PFC and the regulation of BDNF expression
in the related brain regions [98]. Zhang ef al. investigated the
antidepressant effects of 7,8-DHF in mice with chronic mild
stress (CMS) model [99]. The experimental results showed
that after 28 days of 7,8-DHF treatment, CMS-induced
down-regulation of TrkB phosphorylation and associated

synaptic proteins (PSD95 and synaptophysin), as well as
BDNF in the PFC, were restored, reversing the depression-
like behaviors of model mice. It is suggested that the antide-
pressant-like mechanism of 7,8-DHF may be through the
activation of the BDNF-TrkB signaling pathway and the
promotion of downstream synaptic protein expression [99].
Yao et al. found that the BDNF-TrkB was decreased in the
CA3, DG, and PFC regions of nuclear factor erythroid 2-
related factor 2 (Nrf2) knockout mice, which may mediate
the depression-like behaviors, and a single intraperitoneal
injection of 7,8-DHF could produce an antidepressant effect
[100]. The mechanism may be that 7,8-DHF can stimulate
TrkB in those regions and enhance the BDNF-TrkB signal-
ing pathway [100]. Nashwa et al. combined 7,8-DHF with
fluoxetine in the treatment of depression induced by chronic
unpredictable mild stress (CUMS) in the perimenopausal
period. The combination of the two can improve the depres-
sion-like behaviors of the model animals in the test of sugar
water preference and forced swimming and regulate the
PI3BK/AKT/mTOR/p-ERK1/2 signaling pathway [101]. In
addition, 7,8-DHF showed a good antagonistic effect on de-
pression-like behavior in both the social defeat stress model
and postoperative depression model [102, 103]. However,
increased BDNF-TrkB signaling pathway in the nucleus ac-
cumbens shell was also found in the depression model in-
duced by methamphetamine administration. Like paroxetine,
7,8-DHF did not show antidepressant effects in the initial
depressive symptoms [104]. Thus, 7,8-DHF is only effective
in treating depression-like behaviors associated with the re-
duction of the BDNF-TrkB signaling pathway.
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Fig. (6). 7,8-DHF crosses the blood-brain barrier, restores the abnormal BDNF-TrkB signaling pathway in the PFC and hippocampus, acti-
vates the downstream AKT-mTOR and MAPK-ERK pathway, and increases the expression of synaptic proteins (PSD95 and synaptophysin),
thus exerting anti-depressive effects. Abbreviations: (HIP: hippocampus, PFC: prefrontal cortex, BDNF: brain-derived neurotrophic factor,
TrkB: tyrosine kinase receptor B, AKT: protein kinase B, mTOR: mammalian target of rapamycin, MAPK: mitogen-activated protein kinase,
ERK: extracellular signal-regulated kinase, 7,8-DHF:7,8-Dihydroxyflavone, PSD95: postsynaptic density 95). (A higher resolution/colour

version of this figure is available in the electronic copy of the article).

7,8-DHF could improve depression-like behaviors in dif-
ferent animal models. These experimental results not only
confirm the correlation between the occurrence of depression
and BDNF but also explain the mechanism of 7,8-DHF as
TrkB agonist in the intervention of depression. The PFC and
hippocampus are brain regions related to the occurrence of
depression. When depression occurs, the expression level of
BDNF in the brain region is low, and the TrkB receptor and
downstream AKT-mTOR, MAPK-ERK, and other signaling
pathways cannot be effectively activated, affecting the sur-
vival and plasticity of neurons, and thus inducing depression-
like behaviors [87, 105]. After crossing the BBB, 7,8-DHF
binds to TrkB receptors in the PFC and hippocampus, simu-
lating BDNF to activate TrkB receptors and increasing the
phosphorylation level of TrkB. At the same time, it can re-
verse the decreased expression of BDNF in the prefrontal
cortex and hippocampus, and then regulate the BDNF-TrkB
and downstream AKT-mTOR and ERK signaling pathways,
promote the increase of synaptic protein expression levels,
thus protecting neurons, enhancing synaptic plasticity, im-
proving the depression-like behaviors of model animals, and
playing an effective antidepressant role (Fig. 6).

3.2. 7,8-DHF and Neurodegenerative Diseases

A typical pathological change of neurodegenerative dis-
eases is the progressive loss of neurons and synaptic deficit.

Therefore, delaying the progressive loss of neurons in the
brain and repairing the damaged synapses is an important
idea for the treatment of neurodegenerative diseases [106].
Scopolamine (Sco) can induce learning and memory im-
pairment and hippocampal synaptic deficit in rats, increase
the accumulation of AP40 and APB42 amyloid protein in the
hippocampus, decrease antioxidant capacity and inhibit AKT
and ERK pathways. Chen ef al. used Sco to replicate the AD
model in rats and deliver 7,8-DHF for 4 weeks. The experi-
mental results showed that 7,8-DHF could alleviate or re-
verse the above effects induced by Sco [107]. It is suggested
that 7,8-DHF protected neurons by activating the TrkB sig-
naling pathway [107]. Gao et al. investigated the effect of
7,8-DHF on memory function, synaptic structure, and synap-
tic protein expression in Tg2576 AD mice. The results
showed that after treatment with 7,8-DHF for 4 weeks, the
spatial memory impairment of Tg2576 AD mice was recov-
ered, the number, density, and length of dendrites in the hip-
pocampal neurons were increased, synaptic plasticity was
restored, and hippocampal glutamate receptor subunit
1(GluAl), glutamate receptor subunit 2 (GluA2), and their
phosphorylation levels were increased to regulate AMPAR.
7,8-DHF also increased the phosphorylation level of TrkB in
hippocampus and then activated the phosphorylation of
downstream Calcium/calmodulin-dependent protein kinase 11
(CaMKII), cyclic AMP response-element binding protein
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Fig. (7). 7,8-DHF can increase the levels of GluA1, GluA2 and their phosphorylation in the hippocampus to regulate AMPAR, increase the
phosphorylation level of TrkB, and then activate the phosphorylation of downstream TrkB signaling molecules CaMKII, CREB, AKT, and
ERK1/2 proteins, which can restore the synaptic plasticity of neurons in model animals. Abbreviations: (77kB: tyrosine kinase receptor B,
7,8-DHEF':7,8-Dihydroxyflavone, AKT: protein kinase B, ERK: extracellular signal-regulated kinase, CREB: Cyclic AMP response element-
binding protein, CaMKII: Calcium/calmodulin-dependent protein kinase II, AMPAR: AMPA receptor, GluAl: glutamate receptor subunit 1,
GluA2: glutamate receptor subunit 2). (A higher resolution/colour version of this figure is available in the electronic copy of the article).

(CREB), AKT, and ERK1/2 [108] (Fig. 7). Nicholas et al.
also found similar results in the study on the effect of 7,8-
DHF on AD animal model. Their study suggested that 7,8-
DHF could improve the spatial learning of animal model
through TrkB signaling pathway [109, 110]. Remarkably, the
dysregulation of intestinal flora in 5XFAD mice was found to
be related to the C/EBPB/AEP pathway in the intestine and
amyloid protein in the brain. R13, the prodrug molecule of
7,8-DHF, could act as probiotics to inhibit the C/EBPB/AEP
pathway and reduce intestinal oxidative stress and brain am-
yloid protein accumulation. The therapeutic effect of R13 on
AD was achieved through the direct activation of the TrkB
receptor and the beneficial regulation of intestinal flora
[111]. He et al. used the MPP"-induced PD monkey model
and gave long-term oral treatment for 7 months. The results
showed that 7,8-DHF had no toxic reaction and could reduce
the loss of dopaminergic neurons in the midbrain of monkeys
(a non-human primate), showing a powerful neurotrophic
effect [112]. Several studies have replicated PD animal mod-
els through MPTP or rotenone to investigate the therapeutic
effect of 7,8-DHF on PD-like behaviors. Behavioral data
showed that 7,8-DHF could effectively alleviate the motor
dysfunction of the PD animal model. Western blot and im-
munohistochemical staining analysis indicated that 7,8-DHF
could block the loss of dopaminergic neurons in the striatum
of the PD animal model. It is considered that this effect
might be related to the activation of TrkB and its signaling
cascade by 7,8-DHF [113-117].

The above studies indicate that the mechanism of 7,8-
DHF in AD may be through the activation of the BDNF-
TrkB signaling pathway in the hippocampus and the down-
stream expression of AKT, ERK, and CaMKII and their pro-
tein phosphorylation levels, which further activate the signal-
ing molecule CREB and increase GluAl, GluA2, and their
protein phosphorylation levels, thereby regulating AMPAR,
promoting the growth and proliferation of neuronal den-
drites, enhancing neuronal synaptic plasticity, and improving
AD-induced memory dysfunction and neuronal damage. In
addition, 7,8-DHF has the effect of antioxidation [118],
which can also protect the hippocampus from oxidative
stress damage and protect neurons. In addition to the afore-
mentioned enhancement of neuronal synaptic plasticity, 7,8-
DHF can also regulate the growth and survival of dopamin-
ergic neurons in the striatum, maintain the morphological
structure of neurons, prevent the progressive loss of dopa-
minergic neurons, and play a protective role by activating
BDNF-TrkB and downstream signaling pathways, thus alle-
viating the motor dysfunction of PD.

3.3. 7,8-DHF and Learning and Memory

The damage and pathological changes of neurons can af-
fect learning and memory, leading to reduced cognitive func-
tion [119-121]. As mentioned earlier, BDNF is closely relat-
ed to learning and memory, and 7,8-DHF, as a mimic of
BDNF, has also been extensively studied in learning and
memory. Bollen et al. investigated the role of 7,8-DHF per-
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formed in the process of memory consolidation in Wistar
rats, wild type, and APPswe/PS1dE9 (AD model) mice. The
object recognition test demonstrated that the rats injected
with different doses of 7,8-DHF immediately or three hours
after learning could enhance both the early and late stages of
learning and memory, and it also showed an effect on the
consolidation of learning and memory at lower doses. In the
object localization experiment, 7,8-DHF also showed a simi-
lar improvement in spatial memory function in WT and
APPswe/PS1dE9 mice [122]. Surya et al. used alcohol and a
high-fat diet to induce memory dysfunction in rats. A 4-week
of treatment with 7,8-DHF could alleviate the memory im-
pairment of modeled rats. 7,8-DHF down-regulated NF-«kB,
inducible nitric oxide synthase (iNOS), and caspase-3, and
up-regulated the expression of Nrf2, heme oxygenase-1(HO-
1), and BDNF in the hippocampus. It is believed that 7,8-
DHF exerts anti-oxidation, anti-inflammatory, and anti-
apoptotic effects by activating the BDNF-TrkB pathway,
thereby improving memory dysfunction induced by alcohol
and a high-fat diet [123]. Yang et al. also conducted a similar
study after inducing cognitive impairment in apolipoprotein
E-knockout (ApoE-KO) mice with a high cholesterol diet,
and the experimental results were consistent [124]. Zeng et
al. evaluated the effect of 7,8-DHF on age-related memory
impairment. Studies have shown that administration of 7,8-
DHF for 4 consecutive weeks can compensate for the deficits
in the fear memory in aged rats, reverse the synaptic deficits
in the hippocampus, amygdala, and PFC, and activate the
phosphorylation of TrkB and the downstream cascade pro-
teins ERK, CREB, CaMKII, and glutamate receptor subunit
1(GluR1) in those regions. It is suggested that the mecha-
nism of 7,8-DHF blocking fear memory and preventing the
decline of amygdala synaptic transmission is through en-
hancing the expression of TrkB and downstream protein
phosphorylation [125]. Yang et al. induced cognitive dys-
function in mice by irradiating the brain. After a 3-week
treatment with 7,8-DHF, irradiation-induced impairment of
spatial memory, episodic memory, and working memory in
mice was reversed. It is believed that the mechanism of posi-
tive therapeutic effect of 7,8-DHF may be that the TrkB and
downstream ERK and AKT signaling pathways in the hippo-
campus are activated, and the survival rate of newborn neu-
rons after radiation is improved, and the expression of
postsynaptic density 95 (PSD95), N-methyl-D-aspartate re-
ceptor subunit 2B (GluN2B), and synaptophysin increases,
which protects synaptic structural integrity [126]. In addi-
tion, 7,8-DHF also showed an ideal therapeutic effect on the
symptoms of reduced learning and memory in different ani-
mal models, such as BDNF gene knockout mice, aging mice,
propofol-induced cognitive impairment, FMRI knockout
mice, hydraulic shock injury rats, etc. [119, 127-131]

The hippocampus is particularly important for the func-
tion of learning and memory. The physiological integrity and
survival status of hippocampal neurons determine the
strength of cognitive function [132]. In summary, 7,8-DHF
can improve learning and memory disorders. The mechanism
may be that 7,8-DHF maintains the structural integrity and
information transmission function of synapses by activating
the BDNF-TrkB signaling pathway and the phosphorylation
levels of downstream ERK, AKT, CaMKII, and CREB cas-
cades and increasing the expression of hippocampal synaptic
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proteins (such as PSD95, GluN2B, and synaptophysin) [125,
126]. In addition, 7,8-DHF has the potential to enhance the
antioxidant capacity of the hippocampus and down-regulate
the expression of inflammatory factors, delay the apoptosis
of hippocampal neurons and increase the survival rate of
newborn neurons [123]. In conclusion, the improvement of
learning and memory function by 7,8-DHF is the combined
effect of protecting synaptic structural integrity, anti-
oxidation, anti-inflammatory, and anti-neuronal apoptosis

(Fig. 8).
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Fig. (8). The mechanism of 7,8-DHF improving learning and
memory may be through activating BDNF-TrkB and downstream
signaling pathways such as ERK, AKT, CaMKII, and CREB in
specific brain regions, increasing the expression of synaptic pro-
teins in the hippocampus, maintaining normal synaptic structure
and function, delaying neuronal apoptosis and improving the sur-
vival rate of newborn neurons. Meanwhile, 7,8-DHF has anti-
neuroinflammation properties and increases hippocampal antioxi-
dant capacity. Abbreviations: (7,8-DHF:7,8-Dihydroxyflavone,
BDNF: brain-derived neurotrophic factor, TrkB: tyrosine kinase
receptor B, AKT: protein kinase B, CREB: Cyclic AMP response-
element binding protein, ERK: extracellular signal-regulated ki-
nase, CaMKII: Calcium/calmodulin-dependent protein kinase II).
(A higher resolution/colour version of this figure is available in the
electronic copy of the article).

4. STRUCTURAL MODIFICATION AND DRUG DE-
LIVERY SYSTEM

Permeability of BBB determines the biological activity of
exogenous supplement, and 7,8-DHF simulates BDNF to
specifically bind to TrkB receptor, activating BDNF-TrkB
signaling pathway and regulating the corresponding physio-
logical functions [133-135]. As a natural product, the study
on the structure-activity relationship of 7,8-DHF shows that
the phenolic hydroxyl group at the C8 position of 7,8-DHF is
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Fig. (9). The low bioavailability of 7,8-DHF could be overcome by modifying the structure of 7,8-DHF through prodrug strategy, glycation,
derivative compounds, and molecular docking methods and preparing 7,8-DHF nano-preparations. (DHF-Z-S: 7,8-DHF loaded zein-
sophorolipid nanoparticles, zein/LF-DHF: 7,8-DHF loaded zein/lactoferrin composite nanoparticles). (A higher resolution/colour version of

this figure is available in the electronic copy of the article).

necessary for the binding of 7,8-DHF to TrkB receptor [19,
136]. However, compounds containing phenolic hydroxyl
groups will undergo oxidation, glucuronidation, sulfation, or
methylation in the liver, their chemical structure will be
changed, and they are easy to be removed from the body’s
circulatory system, resulting in low oral bioavailability and
brain exposure [137, 138]. In order to overcome the pharma-
cokinetic defects of phenolic hydroxyl groups and improve
the oral bioavailability and brain exposure of 7,8-DHF,
structural modification and preparation design of 7,8-DHF
are necessary for preclinical studies (Fig. 9).

4.1. Prodrug Strategy of 7,8-DHF

Prodrug refers to the loading of new chemical groups into
the original parent drug to form a new compound, and the
new compound can release the original parent drug after
biotransformation, thereby exerting the drug effect. There-
fore, the prodrug strategy is an effective drug design method
[139, 140]. Chen et al. adopted a prodrug strategy to improve
the oral bioavailability and brain exposure of 7,8-DHF. By
modifying phenolic hydroxyl groups to synthesize esters or
carbamates, stable compounds were obtained, and the best
prodrug compound R13 was selected by the pharmacokinetic
method in vitro. The follow-up experimental results further
indicated that prodrug R13 could release 7,8-DHF continu-
ously in vivo. R13 activates p-TrkB level and downstream

AKT and ERK/MAPK signaling pathways and prevents syn-
aptic dysfunction and cognitive impairment in SxXFAD mice.
Compared with 4.6% oral bioavailability of 7,8-DHF, R13
can reach b10.5%. This study demonstrated that R13 could
increase oral bioavailability and brain exposure and is safe,
non-toxic, and has more lasting pharmacological activity
[141].

4.2. Synthesis of 7,8-DHF Derivatives

In the past two decades, about 1/3 of the drugs approved
by the Food and Drug Administration (FDA) are derived
from natural products or their derivatives [142]. Synthesizing
natural product derivatives is also a way to develop innova-
tive drugs. Liu ef al. synthesized 4’-Dimethylamino-7,8-
dihydroxyflavone (4’-DMA-7,8-DHF), a derivative of 7,8-
DHF that has stronger TrkB activation activity than 7,8-
DHF, and could activate TrkB receptor and downstream
AKT signaling, thus exerting antidepressant effects. Howev-
er, the addition of dimethylamino group at 4’ positions on
the B ring of 7,8-DHF will accelerate the excretion of 4’-
DMA-7,8-DHF and reduce its oral availability [138]. As 7,8-
DHF can specifically bind to the extracellular domain (ECD)
of TrkB receptor, Chen ef al. used pharmacochemical meth-
od to synthesize a 7,8-DHF derivative, a compound called
CF;CN, which can bind closely to the LCM/CC2 motif of
TrkB ECD. Compared with the lead compound, the oral bio-
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availability and in vivo half-life of CF;CN are optimized. In
addition, CF;CN can activate TrkB and downstream signal-
ing pathways in the brain of 5XFAD mice, inhibit delta-
secretase through the AKT phosphorylation pathway, and
have a dose-dependent reduction effect on AP42. It also im-
proves the learning and memory dysfunction of SXFAD mice
[143]. Ramesh ef al. obtained glycoside derivatives by in
vitro glycosylation method to couple 7,8-DHF with glucose,
including 7-O-B-D-glucoxy-8-hydroxyflavone, 7-hydroxy-8-
O-B-D-glucoxyflavone, and 7,8-di-O-B-D-glucoxyflavone.
The obtained derivatives were used as ligands to dock with
BACE]L. The docking results show that 7,8-DHF glycoside
derivatives may be effective inhibitors of BACEI and can be
used in the treatment of neurodegenerative diseases such as
AD [144].

4.3. Molecular Design and Docking

In drug design, computer simulation can reduce the num-
ber of target compounds to be screened and accelerate the
process of drug design. Molecular docking is a structure-
based drug design method, which monitors the interaction
between small-molecule ligands and biological macromole-
cule receptors to predict the binding pattern and affinity, and
plays an important role in the development of natural drugs
[145, 146]. Thangavel et al. connected 7,8-DHF with 9-
Fluorenylmethoxycarbonyl (Fmoc) by molecular design and
obtained 40 kinds of 7,8-DHF amino acid esters and 7,8-
DHF carbamate derivatives. The obtained 7,8-DHF deriva-
tive was used as a potential lead therapeutic drug for PD to
dock with ASN. 8q (7,8-DHF carbamate derivative) showed
the highest docking fraction, indicating that this molecule
had the strongest binding force to ASN. At the same time,
the pharmacokinetics and toxicity of 8q, 8s, 8p, 8c, 8n, and
8h were predicted by molecular dynamics. It is found that the
8q molecule has better pharmacological activity than L-
DOPA, suggesting that the 8q molecule may be a potential
drug to inhibit ASN aggregation, but the conclusion of simu-
lation needs to be verified by further experiments [147]. It is
undeniable that computer-aided molecular design and mo-
lecular docking technology simplify the tedious screening
process of 7,8-DHF drugs and provide effective help for fol-
low-up pharmacological experiments.

4.4.7,8-DHF Delivery System

Due to the low oral bioavailability of 7,8-DHF, the ma-
jority of experimental animal studies on 7,8-DHF were con-
ducted by intraperitoneal injection. Taking into account the
long clinical treatment cycle for AD, depression, and other
neuropsychiatric disorders, oral medication is undoubtedly
the best way of administration for the treatment of chronic
diseases. Different oral formulation technologies have a cer-
tain impact on the bioavailability of drugs, and appropriate
formulation technologies can maximize the therapeutic ef-
fects of drug molecules. Reasonable oral preparation design
can provide a great convenience for future clinical research
on 7,8-DHF. Chen et al. studied the oral drug delivery sys-
tem of 7,8-DHF. 7,8-DHF loaded zein-sophorolipid nanopar-
ticles (DHF-Z-S) were obtained by the anti-solvent coprecip-
itation (ASCP) method [148], and 7,8-DHF loaded ze-
in/lactoferrin composite nanoparticles (zein/LF-DHF) were
obtained by the anti-solvent precipitation (ASP) method
[149]. The results demonstrated that the storage stability and
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in vitro bioavailability of the two nanoparticles were much
improved. This may be an effective way to improve the oral
bioavailability of 7,8-DHF, but the pharmacokinetic parame-
ters in vivo need to be further investigated. With the devel-
opment of pharmaceutical technology, new oral drug deliv-
ery technologies continue to emerge. Drug delivery technol-
ogies such as nanocrystals [150], lipid-based formulations
[151], and supersaturated solid dispersions [152] have been
applied in drug research and development, gradually solving
the problems of poor oral absorption and low bioavailability
of insoluble small molecular drugs. These new technologies
may be of great help in the design of oral formulations of
7,8-DHF.

5. DEVELOPMENT POTENTIAL AND CHALLENG-
ES COEXIST

Since 7,8-DHF was found to have TrkB agonistic activity
in 2010, the research literature related to the TrkB signaling
pathway has extensively increased, especially in the treat-
ment of neuroprotection and neuropsychiatric disorders
[153]. As 7,8-DHF has a definite neuronal protective effect,
studies on 7,8-DHF are no longer limited to common neuro-
psychiatric disorders such as depression, AD, and PD, and
even appear in the studies on schizophrenia, HD, and DS.
For example, early intervention by 7,8-DHF may reduce the
risk of schizophrenia in the juvenile offspring of poly(I: C)-
treated mice [20, 154-156] and also cognitive and synaptic
plasticity deficits in a rat model of schizophrenia [157]. In
addition, several studies are conducted on the effect of 7,8-
DHF on fear memory extinction. Due to the difficulty of
fear, memory extinction is a typical feature of post-traumatic
stress disorder (PTSD); however, currently, there is a lack of
effective treatment drugs for PTSD [158-160]. Studies have
shown that 7,8-DHF can improve the fear memory deficit or
accelerate the extinction of fear memory, which indicates
that 7,8-DHF is likely to be a candidate drug for the treat-
ment of PTSD [161-165].

The reasons why 7,8-DHF has attracted attention in the
study of neuropsychiatric disorders are as follows: (1) it spe-
cifically binds to TrkB receptors and activates TrkB and
downstream signaling pathways; (2) Exogenous administra-
tion of 7,8-DHF could reach the brain through the BBB and
produce the effect of simulating BDNF, which made up for
the poor pharmacokinetics of exogenous supply of BDNF;
(3) It has the advantages of non-toxicity or low toxicity and
high potency; (4) It has an ameliorative effect on a variety of
neuropsychiatric disorders. This suggests that 7,8-DHF has
great potential in neuroprotective and psychoactive drug
development. However, by summarizing relevant experi-
mental studies, it is found that the development of 7,8-DHF
still has some limitations, which may hinder the progress of
7,8-DHF toward clinical drug development.

5.1. The Mechanism of 7,8-DHF Needs Further Study

The mechanism of 7,8-DHF on neuropsychiatric disor-
ders is mainly focused on the role of TrkB agonists, while as
flavonoids, 7,8-DHF has antioxidant [166] and anti-inflam-
matory properties of flavonoids [167]. Modern studies have
shown that the excessive free radicals produced by oxidative
stress and the weakened ability to scavenge free radicals are
closely related to the occurrence of AD [168-170]. Ansab et
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al. found that 7,8-DHF played a neuroprotective effect on
cognitive function in sporadic Alzheimer's disease (SAD) rat
model by improving oxidative stress, mitochondrial dysfunc-
tion, and insulin resistance [171]. Based on the results of in
vivo and in vitro studies, Sahabuddin et al. demonstrated that
7,8-DHF could reverse the neuronal death induced by 3-
nitropropionic acid (3-NP), improve the integrity of neuronal
mitochondria, and promote neuronal survival [172]. Li et al.
found that R13, the prodrug of 7,8-DHF, also had a similar
effect, promoting mitochondrial biosynthesis and improving
mitochondrial dysfunction by activating AMP-activated pro-
tein kinase (AMPK)/ Peroxisome proliferator-activated re-
ceptor gamma coactivator 1-alpha (PGC-1a)/ Nuclear respir-
atory factor 1(NRF1)/Transcription factor A, mitochondrial
(TFAM) signaling pathway [173]. Fang et al. pointed out
that 7,8-DHF can attenuate oxidative stress injury of the op-
tic nerve and retinal ganglion cells induced by chronic inter-
mittent hypoxia, and its mechanism may be through the acti-
vation of the BDNF/TrkB signaling pathway [174]. DHF-
BAHPC, a flavonoid derivative synthesized by Thangavel et
al., has strong antioxidant activity and can scavenge free
radicals 1, 1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-
azinobis (3 -ethylbenzothiazoline-6-sulfonic acid) diammo-
nium salt (ABTS), ferric reducing antioxidant power
(FRAP), and H,O; in zebrafish [175]. Glutamate is an im-
portant excitatory neurotransmitter in CNS, but excessive
glutamate can lead to neuronal dysfunction and degenera-
tion, which is associated with the occurrence of neurodegen-
erative diseases, such as PD and AD [176-178]. Chen et al.
demonstrated that 7,8-DHF can play a neuroprotective role
against glutamate-induced toxicity in HT-22 cells through its
antioxidant activity, despite the absence of TrkB receptors in
HT-22 cells [179]. According to those studies, we speculate
that there is a strong correlation between the neuroprotective
effects of 7,8-DHF, the effects of antioxidant stress, the im-
provement of mitochondrial disorders, and the activation of
TrkB receptors. Unfortunately, the available evidence is in-
sufficient to reveal this association. In addition, Zhao et al.
found that 7,8-DHF-induced estrogen receptor o (ERa) and
TrkB activation in female mice are interdependent, and they
have a synergistic effect on the activation of energy metabo-
lism-related pathways, including ERK, AKT, and uncoupling
protein 1 (UCP1), which provides a mechanism for 7,8-DHF
to alleviate metabolic syndrome in female mice [180]. In the
sex-dependent study, Priyanka et al. pointed out that 7,8-
DHF showed potential harmful effects on the metabolic ef-
fects of male mice fed with a high-fat diet, while beneficial
effects on the metabolism in females, suggesting that the
change of intestinal flora is the key to produce sex-dependent
effects [181]. Therefore, the neuroprotective effect of 7,8-
DHEF and its therapeutic effect on neuropsychiatric disorders
might also be related to the activation of ERa and the regula-
tion of intestinal flora.

5.2. Insufficient Clinical Research

There is a lack in the clinical trial regarding 7,8-DHF and
its derivative. It has been mentioned in the literature that
R13, a prodrug molecule 7,8-DHF, has entered phase 1 clini-
cal indications for treating AD [111]. In view of the powerful
therapeutic potential of 7,8-DHF in animal models, it is rea-
sonable to believe that 7,8-DHF or its derivatives have a
bright future in clinical applications. So far, in addition to
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rodents, 7,8-DHF has been tested from the perspective of
pharmacokinetic [182] and PD model studies in monkeys
[112], showing no obvious toxic effects and high drug safe-
ty. 7,8-DHF is beneficial for the improvement of neuropsy-
chiatric disorders in the laboratory, but how to transform 7,8-
DHF in neuropsychiatric disorders treatment is still a diffi-
cult challenge. As mentioned above, we believe that studies
on 7,8-DHF in depression, AD, and PD have more experi-
mental data reported than other neuropsychiatric disorders.
Therefore, considering the above three diseases as the break-
through point, we should supplement and improve the rele-
vant pharmaceutical preclinical research data, promote the
clinical research on the effect of 7,8-DHF on depression,
AD, and PD, and carry out the clinical research on other neu-
ropsychiatric disorders accordingly. Metformin was devel-
oped from the first-line treatment of type 2 diabetes [183] to
a multipotent drug with anti-tumor [184], depression [185,
186], and cardiovascular protection [187]. We can learn from
this drug development paradigm, refer to the clinical re-
search ideas of R13 in the treatment of AD, and speed up the
pace of clinical research on depression and PD.

6. FUTURE RESEARCH DIRECTIONS OF 7,8-DHF

Based on the current research status of 7,8-DHF, we be-
lieve that the next research direction of 7,8-DHF should be
carried out from the following aspects to improve the surviv-
al rate of 7,8-DHF in future clinical trials. First, the chemical
structure of 7,8-DHF needs to be optimized. Optimization of
the chemical structure of drugs is still one of the main meth-
ods in the research and development of natural drugs, which
can not only solve the problems of half-life and solubility of
metabolic stability of drugs but also improve the bioavaila-
bility of drugs [188]. Although the chemical structure modi-
fication of 7,8-DHF has also been studied experimentally,
there are few reports on drug-like molecules. Second, oral
preparations of 7,8-DHF should be largely carried out. /n
vitro study has characterized the transepithelial transport
mechanism of 7,8-DHF in human intestinal Caco-2 cells
[189]. In addition to nanoparticles, various pharmaceutical
technologies, such as lipid preparations, have been applied to
improve gastrointestinal absorption of 7,8-DHF and reduce
the first-pass effect in the liver to improve the probability of
more targeted drugs reaching the brain and improve oral
bioavailability and brain exposure. Finally, supplemental
preclinical studies on the optimal treatment timing of 7,8-
DHEF are conducive to obtaining the optimal clinical effect of
treating the disease. The time window for the treatment of
chronic neuropsychiatric disorders has a great influence on
the prognosis, and it is generally believed that early interven-
tion has a positive effect on the treatment of diseases [190-
192]. Studies have shown that 7,8-DHF has a good interven-
tion effect on the early stage of AD animal models [193].
The therapeutic effects of 7,8-DHF on Ts65Dn mice were
different in different periods, which showed that the short-
term treatment was insufficient to produce long-term effects
in the neonatal period, and the dose of recovery of memory
function in the adolescent period was insufficient to improve
the symptoms of memory deficiency in the adult period
[194]. Therefore, the research on the optimal treatment tim-
ing of 7,8-DHF has a positive significance for the develop-
ment of the drug.
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CONCLUSION

In conclusion, 7,8-DHF can simulate BDNF to activate
BDNF-TrkB and downstream signaling pathways, thereby
playing a role in neuronal protection, neuronal regeneration,
and synaptic plasticity regulation. Based on the medicinal
potential and value of 7,8-DHF, it is likely to be successfully
developed as a natural drug for the treatment of neuropsychi-
atric disorders and widely used in clinical practice in the
future. However, prior to this, pharmaceutical research on
7,8-DHEF still needs to be further systematically discussed.
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