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ABSTRACT:

Depression is a heterogeneous disorder with more than one possible etiologies. Currently, studies are mostly focused
on neuronal dysfunction, while the involvement of other brain cells, such as microglia, has not been widely
explored. This review aimed to systematically review the studies reporting the effect of microglia inhibitors on
depressive-like behavior in rodent models, to obtained a better understanding of the effectiveness of the intervention
against depression. The PubMed database was explored from January 2011 to April 2021 with related keywords for
full-text publications reporting antidepressant effects of microglial inhibitor in rodents. We identified 713 research
publications, of which only 25 studies met the inclusion criteria and were included for analysis. Administration of
antidepressant drugs/compounds that inhibit microglia was reported to be beneficial because it improved depression-
like symptoms by reducing outcomes based on immobility, anhedonia, and locomotor activity. Microglia
inactivation has been reported to occur through inhibition of the HMGBI1/TLR4/NF-B and NLRP3/NF-xB
pathways, as well as improved communication of microglia neurons through increased interaction of CX3CL1 with
CX3CRI1. These data indicated that the use of an agent inhibiting microglia activity is promising as a strategy in
overcoming depression in humans.
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INTRODUCTION:

Depression is the leading cause of disability worldwide
and globally affects more than 264 million people of all
ages'. The economic burden of depression is reported to
be around $210.5 billion, consisting of direct costs
(45%), suicide-related costs (5%), and workplace costs
(50%)*. Depression is prevalent among elderly, females,
and patient with chronic illness*’. Despite its high
prevalence, the mechanisms associated with the
pathogenesis of depression are not fully understood and
current treatments have not shown effectiveness in the
majority of patients in hospital or health care settings®”.
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Tests on the effectiveness of therapy referring to the
AGT (Algorithm-guided Therapy) program showed the
patient's response rate to the administration of
pharmacotherapy agents (SSRI, SNRI, or TCA) was
20.7% with a remission rate of 310%'. These
limitations lead to the need for the development of
interventional therapies for depression so as to provide
satisfactory outcomes.

Depression is a heterogeneous mental disorder, with
more than one possible etiology'''>. Although there is
ample evidence reporting on the molecular, cellular, and
circuit-level mechanisms of depression, the biological
mechanisms underlying this disorder are still not well
understood. This may be because studies had focused on
neuronal dysfunction, while the involvement of glial
cells had not been widely explored. Some evidence
suggests microglia play an important role in the
development ~and progression of depression'*!"
Microglia are the main immune cells in the brain that
play a role in immunosurveillance and neuroprotection
through tight regulation of cytokines'>'®. Under normal
conditions, microglia are quiescent with a branched
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morphology. Microglia will change shape into amoeboid
when it detects a potentially harmful signal'’. Microglia
are categorized into 2 activation states: the MI
phenotype which is associated with the production of
proinflammatory cytokines, and the M2 phenotype that
expresses the cytokines to stop inflammation'®. A
number of recent evidences indicate the involvement of
microglia in the pathophysiology of depression'®?,
Synthesis of recent evidence may help to understand the
extent to which inhibition of microglia activation can
overcome depressive states. Thus, this study aimed to
investigate the inhibitory effect of microglia activation
on the improvement of depression-like behavior in
rodent models.

MATERIALS AND METHODS:

Search Strategy:

PubMed database was systematically explored to
identify experimental studies that tested the inhibitory
effect of antidepressant in rodents. Data searching was
limited to articles published from January 2011 to April
2021. We used the keywords microglia inhibitor,
antidepressant, depressive-like behavior, microglia
inactivation, and animal model. We used general
searching keywords to find all potentially relevant
articles.

We included studies reporting the effects of
antidepressants which were acting by inhibiting
microglia in animal models of depression, particularly
mice and rats. Studies that administered antidepressants,

both before and after stress induction, were included in
the review. Antidepressants were classified as
drugs/compounds currently prescribed for depression or
drugs/compounds that were under investigation as
potential antidepressant drugs. We only involved articles
published in English. All studies were screened and
evaluated independently by two authors (BRWL and
CA). Any discrepancies in the selection process were
resolved by discussion among the authors. A senior
investigator (JK) was consulted to revise the selection
process. Study selection flowchart 1s shown in figure 1.

Risk of Bias Assessment:

Risk of bias assessment was carried out based on risk of
bias instrument the Systematic Review Center for
Laboratory  Animal Experimentation (SYRCLE)
(Hooijmans et al., 2014). This instrument is based on the
Cochrane Collaboration RoB Tool, which is based on the
aspect of bias that plays an important role in animal
studies. The aim is to uniformly assess methodological
quality in the field of animal research. SYRCLE's risk
bias of tools consists of 10 items with 6 types of bias, ie.
selection bias, performance bias, detection bias, attrition
bias, reporting bias, and other potential biases. The ten
items were organized into sub-items in the form of
questions that supported the answers “yes”, “no”, and
“unclear answer”. A score of “yes” indicated a low risk
of bias, “no” indicated a high risk of bias, and “unclear”
indicated an unknown risk of bias.

| Articles identified through database search (n = 713) |
| Articles after duplication were omitted (n = 439) |
—_—p Articles excluded based on review of title and

abstract (n = 355)

Full-text articles assessed for eligibility (n = 84)

A 4

Full-text articles excluded (n = 53)

- Mot by microglial inhibition (n= 21)

- Not under depression (n= 15)

- Does not involve antidepressants (n= 5)
- Not an in vivo study (n=12)

- Reviews (n=1)

- Notin English (n=2)

- Insufficient data (n=2)

A 4

Articles included in the systematic review (n = 25)

Fig 1. Flowchart of selecting articles in the study
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Authors Species Gender | Induction Drugs Behavior Test Results
maodel Administered
Xu,etal?! C57BL/6 Male CUMS  dan | GW3965 SPT: sucrose intake T;|Inhibiting M1 microglia
Mice LPS TST: immobility |; EPM: | polarization and NF-kB
anxiety < phosphorylation.
Cheng.etal > |ICR Mice Male LPS Paeoniflorin SPT: sucrose intake T;|Activating FGF-2/FGFR1 signaling
FST: immobility |
Feng et al.® C57BL/6) Male LPS Phenol glycoside | SPT: sucrose intake T;|Inhibiting TLR4/MyDS8S  and
Mice extract from | TST: immobility |; FST:| TLR4/NLRP3 pathways
Fructus  Ligustri [ immobility | OFT:
Lucidi locomotor activity 1
Zhang et al®*  |CSTBL6J Male LPS Asperosaponin VI |OFT: time in center T1;|Inhibiting TLR4/NF-kB signaling
Mice FST: immobility | pathway
Suet al ICR Mice Male LPS Saikosaponin-d | SPT: sucrose intake T;|Regulating HMGE I/TLR4/NF-kB
TST: immobility |; FST:|signaling pathway
immobility |; OFT: «
Guo et al. ™ Sprague Male CUMS Fingolimod SPT: sucrose intake T;|Shifting microglia poladzation to
Dawley Rats FST: immobility |; OFT:| M2 phenotype
locomotor activity 1
Zhouetal Sprague Male Chronic Apelin-13 SPT: sucrose intake T;|Inhibiting M1 microglia
Dawley Rats warer TST: immobility |; FST:|polarization, presumably via the
immersion immobility |; OFT:|inhibition  of  STAT3/NLRP3
restraint locomotor activity T pathway
stress
Habib et al ** Wistar Rats | Male CMS Lithium SPT: sucrose intake 1;|Increasing hippocampal Wnt/p-
FST: immobility |; OFT:|catenin signaling pathway
locomotor activity 1 expression
Mao et al * Kunming Male Chronic Caffeine SPT: sucrose intake T;|Inhibiting A2AR/MEK/ERK/NF-
Mice warer TST: immobility |; FST:|kB signaling pathway
immersion immobility |
restraint
stress
Xuetal™ C57BL/6) Male CUMS Arctigenin SPT: sucrose intake T;|Inhibiting HMGE I/TLR4/NF-kB
Mice TST: immobility |; FST:|signaling pathway
immobility  |; OFT:
locomotor activity 1
Chenetal.” ICR Mice Male LPS Esculin SPT: sucrose intake T;|Inhibiting CCRS-regulated
TST: immobility |; FST:|TLR4/NF-kB signaling pathway,
immobility  |; OFT: | leading to increased microglial M2
locomotor activity 1 polarization
Feng et al.® C57BL/6 Male CMS Mefenamic acid.|SPT: sucrose intake T;|Inhibiting ERK1/2 and P38 MAPK
Mice celecoxib FST: immobility | activation
Han et al ** C57BL/6 Male Maternal Minocycline SPT: sucrose intake T;|Suppressing morphological and
Mice separation FST: immobility |; OFT:|phenotypic changes of microglial
s M2
Wang et al Balb/c Mice |Male CUMS Minocycline SPT: sucrose intake T;|Inhibiting HMGBI release
TST: immobility 1;
Bamed maze: cognitive
Zhang et al ¥ Sprague Betina CUMS Minocycline SPT: sucrose intake T;|Suppressing M1 response and
Dawley Rats FST: immobility |; EPM: | restoring GFAP and BDNF levels
anxiety |
Zheng et al.® | C57BL/6 Male [FN-u Minocycline TST: immobility |; FST:|Preserving NSCs, neuronal
Mice immobility | progenitors, and new neurons,
thereby enhancing nenmgenesis
Wang et al ¥ Sprague Male Early-life Minocycline SPT: sucrose intake T;|Downregulating H3K9me?2
Dawley Rats social FST: immobility | expression and restoring NRI,
isol ation GluR 1, and GluR2 expression
He et al. ® C57BL/6 Male LPS Paricalcitol SPT: sucrose intake T;|Restoring microglia to a ramified
Mice TST: immobility |; FST:|form with normal soma size,
immobility | suppressing NF-B  activation and
NLRP3 and caspase-1
overexpression
Ito et al ** C57BL/6 Male Chronic Kososan, a|Social avoidance test: | Enhancing anti-inflammatory
Mice social  defeat | Japanese interaction 1 phenotype and inhibiting the
stress traditional herbal increase of microglial
medicine proinflammatory phenoty pe
Vega-Rivera et|Balb/c Mice |Male CMS Melatonin SPT: sucrose intake T;|Increasing CX3CL1/CX3CR1
al FST: immobility | signaling pathway, keeping the
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microglia in resting phenotype
Weng et al ! ICR Mice Male LPS Macranthol SPT: sucrose intake T;|Inhibiting the increase of Cdllb
FST: immobility | expression
Yamawaki et|C57BL/b6 Male LPS Sodium butyrate |FST: immobility |, OFT: | Epigenetic regulation by
al®? Mice o downgrading the expression of the
Efcabl gene
Zhang et al.¥ | C57BL/6 Male CMS Salvianolic acid | SPT: sucrose intake T;|Inhibiting microglial M1
Mice TST: immobility |; FST:|polarization and activating
immobility |; OFT: « microglial M2
Zhang et al ¥ |CSTBL6 Male CMS Salvianolic acid | TST: immobility |; FST:|Reducing the percentage of cleaved
Mice immaobility |; OFT: « caspase-3
Zhaoet al.® C57BL/6 Male CMS Pioglitazone TST: immobility |; FST:|Suppressing the expression of
Mice immobility 1; OFT: | microglial M1 marker
locomotor activity 1

Abbreviations: LPS: Lipopolysaccharide, CUMS: Chronic Unpredictable Mild Stress, SPT: Sucrose Preference Test, FST: Forced Swim Test,
TST: Tail Suspension Test, OFT: Open Field Test, EPM: Elevated Plus Maze, 1 represent a statistically significant increase in measured

behavior, | represent decrease, and «— represent unchanged behavior.

Table 2. A t of the bias risk of the study
Studies Selection | Selection | Selection Performance |Performance |Detection |Detection | Attritio | Reporting | Other
bias 1 bias 2 bias 3 bias 1 bias 2 bias 1 bias 2 nhias | bias potential
bias
Xu, et al Yes Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Cheng.etal |Yes Yes Unclear Unclear Unclear Unclear Unclear Yes Yes Yes
Feng et al Yes Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Zhang etal | Unclear | Yes Unclear Unclear Unclear Unclear Unclear Yes Yes Yes
Suet al Unclear | Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Guo et al No No Unclear Unclear Yes Unclear Yes Yes Yes Yes
Zhou et al Unclear | Yes Unclear Unclear Unclear Unclear Unclear Yes Yes Yes
Habibetal | Yes Yes Unclear Unclear Unclear Unclear Unclear Yes Yes Yes
Mao et al Yes Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Xu et al Yes Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Chen et al Yes Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
| Feng et al Unclear | Yes Unclear Unclear Unclear Unclear Unclear | Yes Yes Yes
Hanetal Yes Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
Wang etal | Yes Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Zhang etal |Unclear | Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Zheng etal |Unclear | Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Wang etal  |Unclear | Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
He et al Unclear | Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Ito et al Unclear | Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
Vega-Rivera | Yes Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
et al
Wengetal |Yes Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
Yesmawaki |Unclear |Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
et al
Zhang etal | Yes Yes Unclear Unclear Yes Unclear Yes Yes Yes Yes
Zhang etal |No No Unclear Unclear Yes Unclear Yes Yes Yes Yes
Zhao et al Unclear | Yes Unclear Unclear Unclear Unclear Yes Yes Yes Yes
RESULTS AND DISCUSSION: activity with open field test, and 1 study (4%) tested
Characteristics of Included Studies: social interaction with social avoidance test. The

Twenty-five articles were included in the review after
inclusion and exclusion criteria were applied. Five
studies (20%) used rats as experimental animals and the
other 20(80%) studies used mice. The induction models
used were CUMS (44%), LPS injection (36%), TNF-ua
injection (4%), chronic social defeat stress (4%),
maternal separation (4%), early-life social isolation
(4%), and chronic water immersion restraint stress (8%).
Twenty-three studies (92%) tested immobilization-based
depressive-like behavior with forced swim test and/or
tail-suspension test, 19 studies (76%) tested anhedonia-
based depressive-like behavior with the sucrose
preference test, 12 studies (48%) tested locomotor

treatments  (drugs
administered were

or antidepressant-like compounds)
GW3965 (liver X receptor agonist)

(4%), paconiflorin (4%), phenol glycoside extract from
Fructus Ligustri lucidi (4%), asperosaponin VI (4%),
saikosaponin- d (4%), fingolimod (4%), applein-13
(4%), lithium (4%), caffeine (4%), arctigenin (4%),
esculin (4%), mefenamic acid (4%) , celecoxib (4%),
minocycline (20%), paricalcitol (4%), kososan (4%),
melatonin  (4%), macranthol (4%), sodium butyrate
(49%), salvianolic acid (8%), and pioglitazone (4%). The
main characteristics and outcomes of the included
studies are listed in Table 1. In general, the studies
identified in this review support the evidence that
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inhibition of microglia improves depressive-like
behavior in experimental animals. Although the reports
were heterogeneous, all studies (n=25, 100%)
demonstrated that microglia inhibitors were effective in
suppressing depression-like behavior and stress-induced
changes in biological markers.

Assessment of the risk of bias of the included studies is
shown in Table 2. Of the 25 studies, 23 studies reported
randomization at the time of grouping of the
experimental animals. However, there were no studies
that mentioned the randomization method applied and
the allocation sequence during the randomization
process. In 8% of the studies, the baseline characteristics
between control and experimental groups were different
from the start of the experiment. There were no studies
reporting efforts made to reduce performance bias.
Blinding of outcome asessors was reported in 80% of the
studies. There were no studies reporting randomized
outcome assessments. The included studies had a low
risk for attrition bias, reporting bias, and other potential
biases. Overall, most sources of potential bias should be
assessed as risk of unclear bias, resulting from poor
reporting.

Available studies on the inhibitory effect of microglia
activation on depressive states were heterogeneous and
consist mostly of low-quality studies. The compounds
administered varied widely among the studies selected
for the final analysis, and so did the dose and duration of
treatment, as well as the method of administration. Most
of the studies used male experimental animals, so the
effect of sex differences on outcomes was not considered
in this analysis. The majority of selected studies found
significant  positive effects of antidepressant-like
drugs/compounds on the observed measures, ranging
from decreased neuroinflammatory markers, increased
neurogenesis, and improved depression-like behavior on
a number of behavioral tests.

Effect of
Behavior:
Microglia inhibitors have been shown to improve
depressive-like  behavior based on immobilization,
anhedonia, and locomotor activity. Testing of new
substances with desperate behavior tests, such as the
forced swim test and tail suspension test, allows a simple
assessment of their potential antidepressant activity by
measuring their effect on immobilization***%. The
duration and latency of immobility reflect decreased
mood in rodents that are selectively sensitive to
antidepressant therapy*”#*~°, The sucrose preference test
was used to assess anhedonia loss of interest or pleasure
behavior. Symptoms of anhedonia or decreased mood
are criteria that must exist for the diagnosis of major
depressive disorder’’. Anhedonia has been associated
with a poorer disease prognosis and less optimal

Microglial Inhibitor on Depressive

response to treatment’>. The impact of anhedonia on
quality of life and functional outcome in MDD makes it
a very important target for antidepressant therapy. The
open field test was used to measure locomotion and
anxiety behavior, in which variables such as overall
activity in the open field, time in center, and distance
traveled were evaluated for 5 minutes™ -,

Mechanism of action of Microglial Inhibitor:

One of the classic activation results of the innate
immune system is the induction of the proinflammatory
phase, which is characterized by the production and
release of proinflammatory cytokines, such as tumor

necrosis  factor-1  (TNF-1), interleukin-6 (IL-6),
interleukin-1f (IL-1p), proteases (matrix
metalloproteinase-9), superoxide anion, nitric oxide

(NO) and reactive oxygen-nitrogen species (N203,
NO2)*. This systematic review provides evidence
indicating that microglia inhibitors may represent an
effective treatment option for depressive conditions.
Several studies included in this review attempted to
identify the pathways by which microglia inhibitory
agents acted on the nervous system. The role of
TLR4/NF-kB pathway was emphasized in 4 studies
because of its role in regulating microglia polarization®-
3134 TLR-4, a microglia-expressed first-line molecule
to initiate the innate immune response, mediates the
release of proinflaimmatory mediators via the NF-xB
pathway™*-7. Inhibition of the TLR4/NF-kB pathway
causes a decrease in TNF-o and IL-1p levels, thereby
preventing the conversion of microglia to M1
phenotype?*-". Inhibition of microglia will then cause a
decrease in the release of HMGB1 (high mobility group
box-1), damage associated molecular pattern (DAMP),
an alarmin protein that may trigger a proinflammatory
immune response through the activation of the
TLR4/NF-kB pathway >0,

The involvement of NLRP3 was reported in 3 studies
(23, 27, 38). Activated NF-kB induces the transcription
of NLRP3 (NOD-, LRR- and domain-containing pyrin
3), a cytosolic innate immune signaling receptor®®.
NLRP3 is a post-transcriptional regulator of IL-1j
protein. Activation of NLRP3, one of which by TLR4,
will cause caspase-1-mediated proteolysis of the IL-1[
family®-7,

Neurons can regulate and/or maintain microglial
activation status by releasing factors that influence basal
microglial properties, which are thought to maintain
homeostatic conditions in healthy brains®~*. Microglial
cell activation is associated with decreased neuronal
CX3CL1 (fractalkine) interactions with its receptor,
CX3CR1, which is expressed by microglia*’. Decreased
CX3CL1 signaling and attenuation of crosstalk between
neurons and microglia, affect transmission efficiency in
adult brain synapses®.
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CONCLUSION:

The use of an agent inhibiting the activity of microglia

may

suppress the development of depressive-like

behavior in experimental animals. This mechanism can
be translated and further developed as a promising
strategy in overcoming depression in humans.

LIMITATIONS:

The main limitation of this systematic review was the

heterogeneity

and quality of the included studies.

Species, designs and intervention protocols in preclinical
studies often vary between studies. Analysis of the risk

of

bias showed poor reporting of important

methodological details in most studies. Consequently,
the risk of bias for each individual study was assessed as

unclear risk of bias, which suggested that the effect of

the treatment observed may be overestimated.
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