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ABSTRACT

Background: Neurotrophins have been
implicated in multiple psychiatric disorders.
Nerve Growth Factor (NGF) is one of the
major neurotrophins that has attracted
much research interest. Therefore, we
undertook, to the best of our knowledge,
the first scoping review encompassing all
major psychiatric disorders and their rela-
tion to NGF. This review aimed to identify
the current position of NGF in psychiatric
research and to outline present gaps in
knowledge, which can be answered with

a more detailed systematic review in the
future.

Methods: Suitable studies were identified
using PubMed. A total of 20 studies were
included in the review: two on bipolar
affective disorder (BPAD), three on schizo-
phrenia, seven on depression, and eight on
alcohol use disorder.

Results: NGF levels are definitively reduced
in BPAD and depression, while NGF levels
in schizophrenia decreased further after
treatment than in the drug-naive state. The
effect of treatment on NGF levels in depres-
sion varied based on treatment modalities
and severity of depression. In patients with
depression, raised NGF was a predictor

of conversion to bipolar disorder (BD).

NGF levels were raised in acute alcohol

intoxication and withdrawal but normalized
slowly as abstinence was maintained. NGF
may play a protective role in preventing the
toxic ill effect of acute alcohol intoxication
on the central nervous system.

Conclusion: Based on current knowledge,
NGF levels may be a useful biomarker of a
chronic mental stress condition. However,
further research is needed before it can
be used to identify a specific psychiatric
illness or predict treatment response.

Keywords: Addiction, alcohol, bipolar
disorder, depression, nerve growth factor,
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eurotrophins are critically involved
I \ I in neuronal and synaptic plasticity
and regulation of brain develop-
ment. They play key roles in differentiation
and survival of neurons, as well as cell death
associated with inflammation, ischemia,
and seizure.»> Nerve Growth Factor (NGF)
was the first neurotrophin discovered in
1951 by R. Levi-Montalcini and is one of the
best-characterized members of the group.
Alterations in circulating NGF levels have
been described in many neuropsychiatric
disorders, including Alzheimer’s Disease,
schizophrenia, schizophreniform disorder,
and psychological stress conditions.’*
Animal model studies have shown that
NGF and other neurotrophins may be

implicated in the light-dependent reg-
ulation of suprachiasmatic pacemaker
and other functions implicated in the
acquisition of long-term memory during
sleep.®® Hippocampal formation and the
frontal cortex have the highest expression
and protein levels of NGF and Brain-
Derived Neurotrophic Factor (BDNF) in
CNS, and both are implicated in neuronal
growth, development, and plasticity.o*°
Specific alterations in the neuronal cytoar-
chitecture in those two regions have been
implicated in schizophrenia,™* which
suggests that neurotrophins might have
a role in schizophrenia. Adequate neuro-
trophic support is essential for normal
brain development, suggesting that a
deficitin neurotrophinsin cortical neurons
is an important factor in the pathophysiol-
ogy of schizophrenia.»*

A growing body of evidence indicates
that impaired neuroplasticity’s and
immunologic processes*® may underlie
the pathology of Bipolar Affective Dis-
order (BPAD), which points towards a
role of neurotrophins in its pathophysi-
ology. Despite evidence suggesting that
neurotrophin levels are altered in BPAD,
it remains unclear whether they can be
considered a biomarker of the illness.

The neurotrophic factor hypothesis
of depression postulates that the depres-
sive state is associated with decreased

'Dept. of Psychiatry, Central Institute of Psychiatry, Ranchi, Jharkhand, India.

HOW TO CITE THIS ARTICLE: Jaiswal A, Shreekantiah U and Goyal N. Nerve Growth Factor in Psychiatric Disorders: A Scoping Review.

Indian J Psychol Med. 2023;45(6):555-564-.

Address for correspondence: Alankrit Jaiswal, Room no. 46, Al Razi PG Hostel,
Central Institute of Psychiatry, Ranchi, Jharkhand 834006, India.
E-mails: alankritjaiswal@yahoo.co.in; alankritjaiswal217@gmail.com

Submitted: og Oct.2022
Accepted: 17 Feb.2023
Published Online: 20 Apr. 2023

©@®S

S Sage

Copyright © The Author(s) 2023

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative
Commons Attribution- NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/)
which permits non-Commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.

com/en-us/nam/open-access-at-sage).

ACCESS THIS ARTICLE ONLINE
Website: journals.sagepub.com/home/szj
DOI: 10.11777/02537176231162518

Indian Journal of Psychological Medicine | Volume 45 | Issue 6 | November 2023 555



Jaiswal et al.

neuroplasticity, neuronal atrophy, and aber-
rant neurogenesis in brain areas associated
with memory and mood.”*# This theory is
corroborated by findings that levels of some
neurotrophins, notably BDNF, are lower
in acute depressive episodes and tend to
increase after treatment.” It is hypothesized
that a reduction in neurotrophins in depres-
sion impairs the neural networks’ pruning
and negatively impacts the structural and
functional processes, particularly involving
the limbic system.> Maximum research
concerning neurotrophins in depression has
been done involving BDNFE. However, recent
studies have been focusing on NGF too.
Animal model studies have demonstrated
decreasing NGF levels in various mice
models, including models of anxiety vulner-
ability, stress-induced illness, and learned
helplessness. Further, as NGF [along with
Neurotrophin-3 (NT-3) and Neurotrophin-4
(NT-4)] binds to both TrK and p75 neurotro-
phin receptors, which also binds to BDNE,
it also may play a role in the neurotrophic
hypothesis.>® Despite the recent surge in
interest in the role of NGF in depression, the
research is still not conclusive.

To the best of our knowledge, no pre-
vious reviews have examined the role of
NGF in major psychiatric disorders. This
review aims to identify the position of
NGF in psychiatric research at present
and to outline present gaps in knowl-
edge that can be answered with a more
detailed systematic review in the future.

Materials and Methods

The scoping review was conducted

according to the PRISMA-ScR
guidelines.
Search Strategy

A search was conducted on the PubMed
database, without any year limitation.
The initial search was conducted in July
2021 and updated in September 2022.
The review aimed to study the role of
NGF in schizophrenia, BPAD, depres-
sion, obsessive-compulsive disorder,
schizoaffective disorder, and alcohol
use disorders. Searches were conducted
separately for studies on NGF in differ-
ent diseases using the MeSH terms:
Nerve Growth Factor AND depression;
NGF AND depression; Nerve Growth
Factor AND Major Depressive Disorder;
Nerve Growth Factor AND MDD (Major
Depressive Disorder); NGF AND MDD;

Nerve Growth Factor AND bipolar
disorder; NGF AND bipolar disorder;
NGF AND BPAD; Nerve Growth Factor
AND BPAD; Nerve Growth Factor AND
mania; NGF AND mania; Nerve Growth
Factor AND schizophrenia; NGF AND
schizophrenia; Nerve Growth Factor
AND alcohol; NGF AND alcohol; Nerve
Growth Factor AND schizoaffective dis-
order; NGF AND schizoaffective disorder;
Nerve Growth Factor AND obsessive com-
pulsive disorder; Nerve Growth Factor
AND OCD; NGF AND OCD.

Screening and Selection
Criteria

The first author conducted the screening.
After conducting an initial search, the
studies were filtered to include case reports,
classical articles, clinical conference papers,
clinical studies/trials, controlled clinical
trials, multicenter studies, observational
studies, and Randomized Controlled Trial
(RCT). Books, previous reviews, animal
model studies, and studies that did

FIGURE 1.

not measure NGF levels were excluded.
Only studies that were reported in the
English language were included. A total
of 23 studies were found to be eligible
for the review. Finally, 20 studies were
included in the review after removing
those for which full text could not be
accessed or those found to not pertain
to the subject matter after reading the
full text (Figure 1). The final decision on
which studies to include was made by all
three authors. The selected studies are
detailed in Table1.

Results
NGF and Schizophrenia

Three studies about schizophrenia were
included in the review. The first study
had six groups (schizophrenia patients
without cannabis use, with cannabis
abuse, with multiple substance use, and
their respective healthy controls). No
significant differences in the serum NGF
concentrations were found between the
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book or documents,
government publications or
previous literature reviews
(n=775)

Reports excluded:
Non-English language
Articles (n = 11)

Animal Model Studies
(n=26)

Studies not measuring
NGF levels (n =17)
Studies on non-psychiatric
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TABLE 1.
Details of Studies Selected for Review.

Title

‘ Aim

‘ Methodology

Result

Schizophrenia

1.

Adequate antipsychotic
treatment normalizes
serum NGF
concentrations in
schizophrenia with and
without cannabis or
additional substance
abuse.

1. Investigate whether
previously untreated
schizophrenic
patients would
still have elevated
NGF levels even
after antipsychotic
treatment

2. If NGF levels still
differed between
schizophrenia
with previous
cannabis abuse and
schizophrenia without
cannabis or other
substance abuse

Serum NGF measured in 114 treated schizophrenic
patients (schizophrenia alone, n = 66; schizophrenia
plus cannabis abuse, n = 42; schizophrenia plus
multiple substance abuse, n = 6) and the control groups
(healthy controls, n = 51; cannabis contrals, n = 24;
multiple substance controls, n = 6). These results

were confirmed by an additional prospective study

in 28 patients suffering from schizophrenia (S) or
schizophrenia with cannabis abuse (SC).

1. No statistically significant
differences in serum NGF
concentrations between the
6 groups after antipsychotic
treatment

2. All subjects had decreased
NGF concentrations than in
drug naive state.

after treatment.

2. Ultradian variation of Investigate whether In a sample of 33 subjects (10 male schizophrenics and | 1. Significant differences
nerve growth factor there is a natural 23 healthy subjects) an enzyme-linked immunosorbent between NGF plasma levels
plasma levels in healthy | diurnal fluctuation assay (ELISA) assay was used to study the ultradian at different hours in healthy
and schizophrenic during daytime in NGF cycle in blood samples at g:00, 13:00, and 20:00 h. subjects
subjects. healthy individuals and 2. Higher NGF levels in females

schizophrenia subjects at13:00 and 20:00 h

with a normal light/ 3. Significant differences in NGF

dark cycle. levels between schizophrenia
and healthy patients.

3. Effect of lurasidone Evaluate effect A randomized, open-label, active-controlled, parallel 1. No significant differences at
vs olanzapine on of lurasidone on design clinical trial. After randomization baseline baseline in NGF levels
neurotrophic biomarkers | neurotrophins evaluations of serum BONF, NGF, NT3, PANSS scoring, | 2. Increase in NGF levels
in unmedicated in comparison and Social and Occupational Functioning Assessment significant in both groups
schizophrenia: A to olanzapine in Scale (SOFAS) scoring of 101 unmedicated
randomized controlled schizophrenia schizophrenia patients were done. Patients were
trial. patients. reassessed after 6 weeks of monotherapy with

olanzapine or lurasidone.

BPAD

4. Serum level of nerve To identify biomarkers A longitudinal study including women diagnosed Increased NGF levels in patients
growth factor is a associated with MDD with MDD and aged 18 to 60 years. The follow-up was who converted to BPAD vs those
potential biomarker and conversion from 3 years. Blood collection was just performed in the who achieved remission.
of conversion to BD in MDD to BD in an first phase. Serum IL-6, TNF-o,, BDNF, glial cell-derived
women with MDD. outpatient sample neurotrophic factor, and NGF levels were measured

using a commercial immunoassay kit.

5. Impaired NGF To evaluate the plasma Forty-nine BD type-l individuals (30 in maniaand1gin | 1. Lower plasma NGF levels in
homeostasis in patients levels of NGF in BD euthymia) and 36 healthy controls were assessed by BPAD patients vs controls
with BD. patients in comparison Mini-plus, Young mania and HDRSs. NGF levels were 2. Positive correlation between

with controls. detected by ELISA. NGF plasma concentration
and disease length
3. Negative correlation between
NGF levels and mania
severity.
Depression
6. Plasma biomarkersina To identify potential 236 patients assessed at 3 timepoints during a10-week | 1. No biological blood marker

placebo-controlled trial
comparing tDCS and
escitalopram efficacy in
major depression.

tDCS blood biomarkers
of depression.

treatment course, plasma levels of NGF, BONF, GDNF,
IL-18, IL-6, IL-8, IL-10, IL-12p70, IL-18, IL-33, TNF-0, and
its soluble receptors sTNFr1 and sTNFr2. General linear
models and mixed models analyses of variance were
used to respectively assess whether plasma levels

of these molecules (1) predicted tDCS antidepressant
improvement and (2) changed over time.

associated with depression
improvement

2. Higher baseline NGF levels
produced greater early
depression improvement
in tDCS group compared to
sham and Escitalopram group.

(Table 1 continued)
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(Table 1 continued)

Title

Aim

Methodology

Result

7. Effect of sertraline,
dosulepin, and
venlafaxine on non-BONF
neurotrophins in patients
with depression:

A cohort study.

To observe changes in
non-BDNF neurotrophins
in patients with
depression and compare
the effects of carious
antidepressants.

A prospective cohort study was conducted on 105
patients with depression who were subgrouped to
the group 1 (mild and moderate depression without
somatic syndrome treated with sertraline), group 2
(mild and moderate depression with somatic
syndrome treated with dosulepin), and group 3
(severe depression without psychotic symptoms
treated with venlafaxine). At baseline, the severity

of depression MADRS, serum NGF, NT-3, and NT-4
were estimated. Thirty-five healthy volunteers were
recruited as controls for a baseline comparison of NTs.
All patients followed up after 6 weeks to evaluate the
changes in NT levels and correlate it with the change
in MADRS scores.

1. Increase in NGF levels in
sertraline-treated patients
with mild and moderate
depression

2. No statistically significant
correlation between NGF
and patients treated with
dosulepin or venlafaxine

3. MADRS score inversely
correlated to serum NGF at
baseline in sertraline-treated
patients.

8. Assessment of non-
BDNF neurotrophins
and GDNF levels after
depression treatment
with sertraline and
transcranial direct current
stimulation in a factorial,
randomized, sham-
controlled trial
(SELECT-TDCS): an
exploratory analysis.

Plasma levels of non-
BDNF neurotrophic
factors would change
across the trial according
to allocation to sertraline
or tDCS group and
treatment response.

Seventy-three patients with moderate-to-severe,
antidepressant-free unipolar depression were
assigned to a pharmacological (sertraline) and a
non-pharmacological tDCS intervention in a
randomized, 2 x 2, placebo-controlled design. The
plasma levels of NT-3, NT-4, NGF, and GDNF were
determined by ELISA before and after a 6-week
treatment course and analyzed according to clinical
response and allocation group.

1. Changes in depression scores
not correlated with changes
in any neurotrophin plasma
levels in total sample

2. No influence of any clinical
or demographic variable on
neurotrophin changes over
time.

9. NGF serum levels
variations in major
depressed patients
receiving duloxetine.

To investigate NGF
levels variations in
MDD patients during
treatment with
duloxetine.

Thirty MDD patients and 32 healthy controls were
assessed using Hamilton depression scale (HAM-D)
and monitored for NGF serum levels at baseline,
week 6 and week 12 of duloxetine treatment

(6o mg/day) and at baseline, respectively.

1. Atbaseline depressed
patients had significantly
lower NGF levels compared to
controls

2. No statistically significant
decrease in NGF levels in
patients at week 6

3. Statistically significant
decrease in NGF levels in
early responders and non-
responders compared to
controls.

10. High-throughput
screening of brief
naturalistic stress-
responsive cytokines
in university students
taking examinations.

To prospectively examine
the impact of a brief
naturalistic stressor
(academic examination)
on salivary/serum
cortisol, measures of
anxiety and depressive
mood, and 5o circulating
immune mediators.

A prospective examination of the impact of a brief
naturalistic stressor (academic examination) on
salivary/serum cortisol, measures of anxiety and
depressive mood, and 5o circulating immune
mediators which were assessed 7 days before,

the first day of, and 2 days after the first term
examination period (5 days) among 20 male and 6
female medical students (19.7 + 3.1 years, mean + SD)

1. Significant effects of exam
stress in NGF serum levels
along with a few other factors

2. NGF levels significantly
elevated both 7 days prior and
on first day of exam period
compared to 2 days after
exam

3. State anxiety scores not
significantly correlated with
either salivary cortisol levels
or any other factors.

. Reduced serum NGF in
patients with late-life
depression.s®

=
=

To evaluate relationship
between serum NGF
levels and late life
depression.

Seventy-seven age- and gender-matched elderly
subjects (38 with late-life depression, 17 with previous
major depressive episode, and 22 healthy subjects

in the comparison group). Serum concentration of
NGF was determined by ELISA.

NGF levels were significantly
reduced in the depressed
patients as compared with
healthy elderly controls. Elderly
control subjects with previous
depressive episode also showed
a significant reduction in NGF
levels as compared with controls
(p < 0.01); NGF levels were
similar between patients with
current depressive episode and
previous depressive episode.
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(Table 1 continued)

Title

Aim

Methodology

Result

12. Psychological status,
compliance, serum
BDNF, and NGF levels of
patients with depression
after augmented
mindfulness- based
cognitive therapy

To analyze the effects

of augmented MBCT
along with the standard
treatment dominated

by pharmacotherapy

on psychological state,
compliance, BDNF, and
NGF expression levels in
patients with depression.

160 eligible patients with depression randomly
assigned to the experimental group (n=80) and control
group (n=80). Participants were assessed using the
17-item HDRS (HAMD-17), Rosenberg Self-esteem Scale
(RSES), Self-Acceptance Questionnaire (SAQ), and
Stigma Scale (Scale of Stigma in People with Mental
Illness, SSPM). The serum levels of BDNF and NGF
were detected by ELISA.

Remarkably increased serum
BONF and NGF levels in the
experimental group following
eight weeks of treatment.

Alcohol

13. Epigenetic down
regulation of nerve
growth factor during
alcohol withdrawal.s

To investigate the
Cytosin-phosphatidyl-
Guanin (CpG) island
promoter methylation
of the NGF gene in blood
of alcohol dependent
patients.

CpG island promoter methylation (mean and
methylation of individual CpG-sites) of the NGF
gene in the blood of alcohol-dependent patients
(57 male patients) during withdrawal

(days 1,7, and 14) investigated.

1. Methylation and NGF levels
did not change significantly
from days1to 7.

2. Mean methylation increased
significantly and whereas
NGF serum levels decreased
significantly from day 7 to 14.

3. NGF serum levels were
significantly associated with
the mean methylation of
investigated CpG sites.

14. Joint effects of the
epigenetic alteration
of neurotrophins and
cytokine signaling: A
Possible exploratory
model of affective
symptoms in alcohol-
dependent patients?54

To investigate a possible
association between

the methylation of

the promoters of both
neurotrophins, the serum
levels of the cytokines
and core symptoms of
alcohol dependence as
withdrawal severity

and anxiety.

Possible association between alterations in the
methylation of the BONF [V/NGF | gene promoter
and the cytokines TNF-o and IL-6 in 55 male
alcohol-dependent patients investigated.

Mean methylation of the

NGF | promoter was significantly
associated with the IL-6 serum
levels and STAI-I (State Trait
Anxiety Inventory) score during
withdrawal

15. Decreased serum level
of NGF in alcohol-
dependent patients
with declined executive
function.

To investigate the
relationship between
decreased NGF levels
and cognitive decline
in alcohol-dependent
patients.

Serum concentration of NGF was measured in

38 patients with chronic alcohol dependence, and
several neuropsychological tests (verbal fluency,
word-list memory test, word-list recall, word-list
recognition, constructional praxis, constructional
recall, Boston naming test, Mini Mental Status
Examination - Korean (MMSE-K), and trail-making
test A and B) were also performed for cognitive
function assessment

Significant correlation was found
between serum NGF level and
the trail-making test part B, but
not with other cognitive function
tests. This indicates that a high
serum level of NGF is related to
greater executive function.

16. NGF plasma levels
increase due to
alcohol intoxication
and decrease during
withdrawal.

To further elucidate
reported alterations in
NGF plasma levels during
alcohol intoxication

and withdrawal

NGF plasma levels by ELISA assessed on admission
(day o) and day 7 of alcohol withdrawal in male alcohol
dependent patients (n = 7s5) in comparison to healthy
controls (n = 44).

1. Significantly higher NGF
plasma levels in alcohol-
dependent patients.

2. Significantly higher NGF
plasma levels in patients
suffering from acute alcohol
intoxication than in early
abstinent patients.

3. NGF levels decreased
significantly in both groups
from day o to 7

17. Increased serum
neurotrophin levels
related to alcohol use
disorder in a young
population sample.*’

To investigate the
alterations in serum
neurotrophin levels
(BDNF, GDNF, and NGF)
in alcohol use disorder
in a young population,
and thus possibly
representing the early
stages of the illness.

A cross-sectional study, nested in a population-

based study of people aged 18 to 35, involving 795
participants who responded to the CAGE questionnaire,
and a CAGE (Cut down, Anger, Guilt, Eye Opener) score
of 22 was considered to be a positive screen for the
abuse/dependence or moderate to severe alcohol use
disorder. Serum BONF, GDNF, and NGF levels were
measured by ELISA.

Increased serum NGF levels in
moderate to severe alcohol use
disorder.

Indian Journal of Psychological Medicine | Volume 45 | Issue 6 | November 2023
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(Table 1 continued)

Title

Aim

Methodology

Result

18.

Serum BONF and

NGF concentrations
change after alcohol
withdrawal: preliminary
data of a case-control
comparison

To study whether

BDNF and NGF serum
concentrations change
during subacute alcohol
withdrawal in patients
with alcohol dependence
compared to healthy
controls

Fifteen patients (age 48.6 + 7 years) and 15 healthy
age-matched controls (age 48.8 + 7 years) participated
consecutively in a 2-week withdrawal study. Serum
BDNF and NGF levels measured using ELISA kits.

1. BDNF and NGF levels were
significantly decreased in
alcohol-dependent subjects
when compared to healthy
matched controls.

2. NGF concentrations
decreased significantly from
day3to1a

19. Relation between To verify the changes Forty-one male patients with alcohol dependence were | 1. Mean plasma NGF level
plasma BDNF and NGF in human plasma BDNF sampled the next morning of admission and compared significantly higher in patents
in the male patients with | and NGF concentrations | with 41 healthy male subjects. Plasma BDNF and NGF with alcohol dependence than
alcohol dependence.s induced by chronic were assayed using an ELISA. in healthy subjects.

alcohol use. 2. Significant negative
correlation between
BDNF and NGF in alcohol
dependence group.

20. NGF produced by To investigate if NGF was evaluated in cell extracts of human blood Acute exposure of these cell
activated human exposure to ethanol monocyte-derived macrophages, exposed to ethanol populations to alcohol led to a
monocytes/ affects NGF synthesis alone or to ethanol plus LPS and cultured in a 25-cm? sharp decrease in endogenous

macrophages is
severely affected by
ethanol.

and NGF receptor TrkA in
monocyte/macrophage
cell population.

tissue culture flask. The levels of NGF were measured
by a highly sensitive two-site ELISA that does not
cross-react with BDNF.

produced NGF, which is
associated with a reduced
expression of high-affinity NGF

receptor on cell membrane.

PANSS, Positive and Negative Syndrome Scale; BDNF, Brain-Derived Neurotrophic Factor; NGF, Nerve Growth Factor; MDD, Major Depressive Disorder; BD, bipolar disorder; IL,
Interleukin; TNF-a, Tumor Necrosis Factor-alpha; HDRS, Hamilton Depression Rating Scale; tDCS, transcranial Direct Current Stimulation; MADRS, Montgomery Asberg
Depression Rating Scale; NT, Neurotrophin; GDNF, Glial-Derived Neurotrophic Factor; SD, standard deviation; MBCT, mindfulness-based cognitive therapy;

LPS, lipopolysaccharide.

six groups. After antipsychotic treat-
ment, all the patients had lower NGF
concentrations than in the drug naive
state, irrespective of the previous drug
use status, though the degree of decrease
varied.” Those patients who consumed
cannabis regularly in the past showed
significantly elevated NGF serum con-
centrations (412.9 + 288.4 pg/ml; median,
286.7 pg/ml) compared to schizophrenia
patients without a history of canna-
bis abuse (p < 0.0001), healthy controls
(p < o.0001), and otherwise-healthy
persons with cannabis abuse (p < 0.0001).
The group of patients with schizophre-
nia and multiple substance abuse in the
past showed even greater elevation of
their NGF serum concentrations with a
mean (+SD) value of 2336.2 + 1711.4 pg/
ml (median, 2005.1 pg/ml), which dif-
fered significantly from all other groups
(p < o.o01 for every group comparison).>

In the second study, significant dif-
ferences were found in the NGF levels
of healthy subjects at different hours of
the day in both males and females, with
females displaying significantly higher
levels and larger diurnal differences.
Significant differences were also seen in
the NGF levels between healthy males
and schizophrenia patients at 09:00 and
20:00 h.
56o

The third study compared the effect of
olanzapine and lurasidone on changes
in serum neurotrophins. No differences
in NGF levels were found at baseline. A
significant increase in NGF levels was
found in both groups after six weeks of
treatment, though no statistically sig-
nificant difference could be seen when
the mean change of the individual
groups was compared. No correlation was
found between the positive/negative/
total Positive And Negtive Syndrome
Scale (PANSS) scores and NGF levels at
baseline or after treatment.>

NGF and BPAD

Two articles were included. The first
found a 15.4% rate of conversion from
MDD to BPAD in their exclusively female
sample. Increased NGF levels were seen
in those who converted to BPAD vs those
who achieved remission from MDD.
Only NGFE, out of the five different cyto-
kines studied [Interleukin-6 (IL-6), Tumor
Necrosis Factor-o. (TNF-a), Glial-Derived
Neurotrophic Factor (GDNF), BDNF, and
NGF] was found to be associated with
conversion to BPAD.>

The second found significantly lower
plasma levels of NGF in BPAD patients
than in healthy controls and a positive

Indian Journal of Psychological Medicine | Volume 45 | Issue 6 | November 2023

correlation between the levels of NGF
and total disease duration. NGF levels
were also negatively correlated with
mania severity, as assessed using Young’s
Mania Rating Scale (YMRS). However, no
correlation was found with the severity
of depressive symptoms. NGF levels did
not differ in BPAD categorized according
to the presence of psychiatric comorbid-
ities (i.e., generalized anxiety disorder,
panic disorder, obsessive-compulsive
disorder) or dependence on substances or
nicotine. No significant differences were
found in patients receiving or not receiv-
ing different medication, either (lithium,
sodium valproate, carbamazepine, anti-
depressants, or antipsychotics).>®

NGF and Depression

Seven studies were found. The main
aim of the first study was to identify
potential transcranial Direct Current
Stimulation (tDCS) blood biomarkers
of depression. Secondary goals were to
assess whether plasma levels of various
cytokines predict tDCS antidepressant
response and verify if those molecules’
plasma levels changed over time and
according to the treatment group and
clinical response. The study did not
find any blood biological markers to be
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associated with improvement in depres-
sion. Higher NGF levels predicted early
improvement in the tDCS group com-
pared to the sham and Escitalopram
groups. NGF was the only one of the 13
cytokines analyzed to predict response to
tDCS vs Escitalopram.

The second study divided the patients
into three groups based on the severity
of depression and the treatment received.
The patients with mild/moderate depres-
sion without somatic syndrome were
treated with sertraline and placed into
group 1. Those with mild/moderate
depression with somatic syndrome were
treated with dosulepin in group 2. The
third group comprised patients with
severe depression without psychotic
symptoms treated with venlafaxine. A
statistically significant increase in NGF
levels was found only in group 1. In
group 1, NGF levels were also inversely
correlated to Montgomery Asberg
Depression Rating Scale (MADRS) scores
at baseline. No associations were found
between the other neurotrophins and
the MADRS rating.?

The third study evaluated serum levels
of different neurotrophins to see whether
they changed according to allocation to
sertraline or tDCS groups and treatment
response at various time points. It was
seen that the changes in depression scores
on Hamilton Depression Rating Scale
(HDRS) did not correlate with changes
in plasma levels of any neurotrophin.
Neither an effect of time nor an interac-
tion of time with group, clinical response,
or group and clinical response could be
observed. No influence of any clinical or
demographic variable on neurotrophic
changes over time was seen either. Plasma
levels at baseline were not found to be
associated with depression improvement
either, using regression models.>

The next article studied variations
in NGF serum levels in MDD patients
receiving duloxetine. It grouped the
participants whose week 6 HDRS scores
were reduced by 50% compared to base-
line on Duloxetine treatment as Early
Responders (ER) and the others as Early
Non-Responders (ENR). At baseline, the
patients had significantly lower NGF
levels than controls, with statistically
significant lower values in ENR and no
difference between ER and controls. At
week 6,no statistically significant change
in NGF levels was found in any of the

groups compared to baseline, but both
ER and ENR groups had a statistically
significant decrease in NGF compared to
controls. Week 12 showed significantly
lower levels of NGF, compared to the
week 6 values, in ENR compared to ER.®

Another article measured the serum
concentrations of 50 factors, using cyto-
kine panels, in individuals undergoing a
brief naturalistic stressor: term-end exams.
Significant effects of exam stress were
observed in serum levels of BNGF along
with a few other factors [Interleukin-4
(IL-4), Interferon-y (IFN-y), Monocyte Che-
motactic Protein-3 (MCP-3), Interleukin-16
(IL-16), and Macrophage Migration Inhib-
itory Factor (MIF)]. Serum levels of PNGF
on both seven days prior and on the first
day of the exam period were significantly
elevated compared to two days after the
examination.®

Diniz et al. evaluated the relationship
between serum NGF levels and late-life
depression. They recruited age- and gen-
der-matched elderly subjects with late-life
and previous depressive episodes. NGF
levels were significantly reduced in both
groups (p < 0.01), but no difference in NGF
levels was found between the groups.

The last article studied the effects of
mindfulness-based cognitive therapy
(MBCT) on depression, BDNF, and NGF
levels and found that MBCT caused a
remarkable increase in NGF levels fol-
lowing eight weeks of treatment and
also lowered the patients’ HDRS scores
significantly. BDNF levels also decreased
significantly.®

NGF and Alcohol

Seven studies were included. Lhullier et
al. studied young patients with alcohol
use disorder (AUD) and found higher
serum levels of NGF than controls.s Lee
et al. compared 41 male inpatients with
AUD with 41 healthy male subjects;
plasma NGF concentration was elevated
in the patients within 24 h of abstinence.
Another study on alcohol withdrawal
examined 15 patients with alcohol depen-
dence according to the DSM-IV criteria
and 15 healthy subjects. In the patients,
the mean NGF concentrations increased
initially and then decreased significantly
from days 3 to 14.3 These findings agree
with the NGF gene’s epigenetic down-
regulation during alcohol withdrawal,
as demonstrated by Heberlein et al. They

had investigated the correlations between
alterations in NGF serum concentrations
and changes in the methylation of the
NGF promoter during alcohol with-
drawal by studying 57 patients with
alcohol dependence, who showed a sig-
nificant decrease in the NGF serum levels
from day 7 to day 14 of withdrawal and
a significant increase in the methylation
of the CpG-sites within the NGF gene
promoter.s> Heberlein et al. also demon-
strated that the mean methylation of NGF
promoter is significantly associated with
IL-6 serum levels and State Trait Anxiety
Inventory scores during withdrawal.s
Another study investigated the relation-
ship between NGF plasma concentration
and cognitive dysfunction of alcohol-
dependent patients during abstinence.
The NGF levels were higher in patients
with lower completion times in trail-
making test B, which includes motor
components and visual scanning, indicat-
ing better executive function.* Another
study found that, in patients with alcohol
dependence, acute alcohol intoxication
was related to an increase in NGF plasma
levels, which decreased after withdrawal,
indicating that NGF plasma levels may
increase to block the toxic effects of alcohol
during acute intoxication.’s Caroleo
et al. studied the effects of acute ethanol
exposure in blood-monocyte-derived
macrophages cultured in vitro. These cells
were isolated from the peripheral blood
of healthy donors in basal conditions and
produce a little NGF, which increases if
they are activated in vitro by treatment
with lipopolysaccharide (LPS). The acute
exposure of LPS-activated cultures to
ethanol was found to alter NGF synthesis,
reduce the expression of Tyrosine kinase
A (TrkA), as well as decrease the produc-
tion of TNF-oL.

Thesearchstrings Nerve Growth Factor
AND schizoaffective disorder; NGF AND
schizoaffective disorder; Nerve Growth
Factor AND obsessive compulsive dis-
order; Nerve Growth Factor AND OCD;
NGF AND OCD did not yield any results,
neither did any searches involving the
term “AND mania”.

Discussion

NGF is essential in tropism and struc-
tural changes of specific neuronal
populations, including basal forebrain
cholinergic neurons and homeostasis
of neuro-endocrine immune system.®
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Hypothalamo-pituitary—adrenal axis hyper-
activity and glucocorticoids seem to
inhibit basal forebrain cholinergic
neurons and increase NGF. However,
a chronic high dose of glucocorticoids
can also cause the downregulation of
NGE.»3%¥ Therefore, acute stress increases
NGF serum levels, while repeated stress
paradigm might result in long-term
downregulation.*

NGF is a neuroplasticity marker.
Thus, a decrease in NGF may indicate
a neural adaptation process that might
be ongoing due to a chronically stressed
state. It can also be inferred that NGF is
more likely a state-dependent variable
than a trait-dependent one.

The three studies reviewed about NGF
and schizophrenia brought up comple-
mentary results. One study reported
raised levels of NGF in drug naive schizo-
phrenia compared to that after treatment,
which the researchers attributed to a
“normalization of NGF”, on treatment,
in patients with a history of substance
abuse.” The other two reported a lower
level of NGF in patients than healthy con-
trols. All but one of the studies had a good
sample size (195 and 92). One study used
Lurasidone and Olanzapine as treatment
options while the treatment provided
in the other study was not reported. A
meta-analysis of peripheral blood NGF
levelsin schizophrenia, conducted in 2017,
totally comprising 1693 individuals, quite
conclusively reported that schizophre-
nia patients had lower NGF levels than
healthy controls in both drug-free and
medicated states,whichalso complements
the findings of the studies reviewed.
Altogether, it might be hypothe-
sized that increased NGF levels in can-
nabis users with schizophrenia might
be an indicator of the regenerative and
neuroprotective properties of cannabis
on cognitive functioning,*+ function-
ing via NGF upregulation. An increase in
NGF levels seen on treatment using anti-
psychotics (Olanzapine and Lurasidone)
might point to the same direction and
throws up interesting questions regard-
ing the role of cannabis in schizophrenia
and the possibility of a self-medicatory
nature of cannabis abuse in schizophre-
nia. Schizophrenia has been reported
to cause specific alterations of neuronal
cytoarchitecture in the hippocampal for-
mation and the frontal cortex.™> The
central cannabinoid receptor CB1 has its

562

highest expression in the hippocampus
and frontal cortex,* hinting at a possible
connection between the two. The study
on ultradian variations in NGF levels
would also support the hypothesis that
bio-rhythm alterations affect NGF plasma
levels, making cross-study comparisons
and even individual comparisons quite
difficult to reliably comment upon unless
stricter control measures are applied.

As mentioned previously, it has often
been thought that immune system abnor-
malities and an increased inflammatory
response may contribute to the pathol-
ogy of BPAD.* A corollary to this would
be that BPAD would result in elevated
levels of all, or many, neuroinflammatory
markers. Previous studies supported this
hypothesis by demonstrating increased
levels of TNF-cr and IL-6 in BPAD patients
than in healthy controls.*+# These find-
ings were not replicated in another study
included in the review, with only NGF
shown to be associated with neuroconver-
sion to BPAD in females with MDD. NGF
levels were correlated positively with
disease duration and negatively with
mania severity as assessed using YMRS.
These findings support the potential role
of NGF as a biomarker for BPAD, though
a sample size of two studies may be too
small for a definite comment.

It has been quite conclusively reported
that NGF levels in depressed patients at
baseline are significantly lower than in
healthy controls. A 2015 meta-analysis
reported the same but also concluded
that NGF levels did not change signifi-
cantly even after treatment.* The studies
reviewed here largely support those
findings, with no significant change in
NGF levels seen in patients treated with
Duloxetine, Dosulepin, or Venlafaxine.
Patients receiving tDCS also did not
show an increase in NGF levels despite
improvement in HDRS scores. One study
did report an increase in NGF blood levels
of patients with mild depression without
somatic syndrome being treated with
Sertraline. But the same study reported
no NGF changes in patients with more
severe depression being treated with
other molecules. One study did, however,
report that higher baseline NGF levels
were associated with better response to
tDCS than Escitalopram. In contrast,
another study on the effect of MBCT in
depression showed a remarkable rise in
NGF levels after eight weeks of treatment,
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leading the researchers to speculate that
higher NGF levels may be associated with
more resilience and/or more responsive-
ness to treatment, with an early response
and later compensatory changes.”
However, as an article reviewed in this
study reported, in MDD patients, neu-
roconversion to BPAD is associated with
higher baseline NGF levels.> Thus, early
treatment response to tDCS may be a sign
of underlying bipolarity and an indicator
of the switch-inducing potential of tDCS
compared to Escitalopram.

Acute stress increases NGF levels,
while repeated stress leads to long-term
NGF downregulation.®® This is corrob-
orated by the study on exam-going
students included in this review, which
showed raised NGF levels, along with
higher State Anxiety Scores, even up to
seven days in advance. In contrast, the
understanding of depression as a chronic
stress condition helps explain the com-
monplace finding of low baseline NGF
levels in the disease.

Several studies have been conducted in
acute alcohol intoxication as well as alco-
hol-dependent patients to determine the
correlation between plasma NGF concen-
tration and alcohol dependence. All the
studies seem to confirm that NGF plasma
levels increase during acute intoxication
and in the initial withdrawal phase and
slowly decrease as abstinence is main-
tained. Studies by Heberlein et al. on the
epigenetic regulation of NGF also suggest
the same.s> s+ It has been hypothesized
that NGF levels increase during acute
intoxication to protect against the acute
toxic effects of alcohol. Some studies
also suggest a protective role of NGF in
preventing neuronal damage in patients
with alcohol dependence.# Studies have
also implicated NGF in newer mecha-
nisms of alcohol-induced compromise in
the efficiency of the mononuclear phago-
cyte system. %49

The review highlights the dearth of
literature about NGF levels in psychi-
atric disorders other than depression
and alcohol dependence. The existing
literature on NGF in schizophrenia and
BPAD only throws up more questions
regarding:

1. The role of cannabis and the nature of
cannabis use in schizophrenia.

2. The differences in the pathophysiol-
ogy of BPAD in men and women.
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3. The role played by NGF and other
neurotrophins in unipolar vs bipolar
illness.

4. Differences in mechanism of actions
of different therapeutic modalities in
depression and the possible neuro-
protective roles of Sertraline and tDCS
over other modalities.

5. Neuroprotective effects of NGF in
alcohol intoxication and schizophrenia.

Hopefully, this scoping review will pave
the way for future research targeting
these specific areas.

Conclusion

Most research about the role of NGF in
psychiatry so far has been done in depres-
sion and alcohol. This is indicated by
the maximum number of search results
obtained for “NGF and Depression” or
“NGF and Alcohol” and also the number
of studies included in this review being
the highest for depression and alcohol-
ism. NGF levels are less in both depression
and schizophrenia compared to healthy
controls, while the research on the role of
NGF in BPAD is not conclusive enough
for comment as of yet. Further studies are
needed on the effect of various treatment
protocols on serum NGF levels for both
depression and schizophrenia before it
can serve as a biomarker, not just for the
depressed or schizophrenic state, but also
for treatment response and disease severity.
NGF and other growth factors may also be
considered crucial elements for disclosing
innovative information on AUD. In partic-
ular, important findings show increased
NGF plasma concentrations during alcohol
intoxication and a possible protective role
against neuronal degeneration.

One limitation of this review is the use
of only one online database for the iden-
tification of suitable studies.
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