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 Background: Previous studies have implicated reduced brain-derived neurotrophic factor (BDNF) expression and BDNF-
TrkB receptor signaling as well as microglial activation and neuroinflammation in poststroke depression (PSD). 
However, the contributions of microglial BDNF-TrkB signaling to PSD pathogenesis are unclear.

 Material/Methods: We compared depression-like behaviors as well as neuronal and microglial BDNF and TrkB expression levels in 
the amygdala, a critical mood-relating limbic structure, in rat models of stroke, depression, and PSD. Depression-
like behaviors were assessed using the sucrose preference test, open-field test, and weight measurements, 
while immunofluorescence double staining was employed to estimate BDNF and TrkB expression by CD11b-
positive amygdala microglia and NeuN-positive amygdala neuron. Another group of PSD model rats were ex-
amined following daily intracerebroventricular injection of proBDNF, tissue plasminogen activator (t-PA), or nor-
mal saline (NS) for 7 days starting 4 weeks after chronic unpredictable mild stress (CUMS).

 Results: The numbers of BDNF/CD11b- and TrkB/CD11b-immunofluorescence-positive cells were lowest in the PSD 
group at 4 and 8 weeks after CUMS (P<0.05). PSD rats also showed reduced weight, sucrose preference, loco-
motion, and rearing compared with controls (P<0.05). The coexpression of BDNF/NeuN- and TrkB/NeuN-positive 
cells were not significantly different between groups at 4 and 8 weeks after CUMS (P>0.05). Injection of t-PA 
increased BDNF/CD11b- and TrkB/CD11b-positive cells in the amygdala of PSD rats and normalized behavior 
compared with NS or proBDNF injection (P<0.05). In contrast, proBDNF injection reduced BDNF and TrkB ex-
pression compared with NS (P<0.05).

 Conclusions: These results suggest that decreased BDNF and TrkB expression by amygdala microglia may contribute to PSD 
pathogenesis and depression-like behaviors.
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Background

Nearly one-third of stroke survivors develop depression [1]. 
Poststroke depression (PSD) is a complex neuropsychiatric 
disorder manifested by apathy, low self-esteem, slowness of 
thought, and darkened mood, symptoms that not only inter-
fere with functional recovery but may also increase mortality 
and self-harm rates [2].

Studies have implicated neuroinflammation, dysfunctional neu-
rotrophic factor signaling, and aberrant neuroplasticity in the 
pathogenesis of PSD [3,4]. Microglia are brain-residing mac-
rophages distributed throughout the central nervous system, 
where they regulate neuroplasticity as well as local inflamma-
tory responses. Activated microglia initiate opposing responses 
after stroke-related brain damage [5]. Activation and concomi-
tant release of proinflammatory cytokines contribute to neuro-
degenerative processes and stress-related behavioral deficits 
associated with PSD [6]. Conversely, microglia protect neurons 
and sustain synaptic plasticity by releasing various neurotroph-
ic factors such as brain-derived neurotrophic factor (BDNF) [7].

BDNF signaling through the tyrosine kinase receptor B (TrkB) 
is a crucial mediator of neural survival and plasticity. BDNF is 
expressed at high levels in regions of the brain known to be 
involved in the regulation of mood, including the prefrontal 
cortex, hippocampus, and amygdala [8]. Research has shown 
a clear association between PSD and changes in both BDNF 
and its precursor, proBDNF [9,10]. Specifically, reduced BDNF 
and elevated proBDNF are associated with PSD, while elevat-
ed BDNF expression can reduce nerve cell death associated 
with brain ischemia. Tissue-type plasminogen activator (tPA) 
is a proteolytic enzyme that participates in neurotransmission, 
synaptic plasticity, and the regulation of cognitive functions. 
ProBDNF can be converted to mature BDNF by plasmin through 
the activation of plasminogen, which is dependent on tPA [11]. 
These results suggest that changes in microglia-derived BDNF 
may contribute to PSD. However, the potential contribution of 
microglia-derived BDNF to PSD has not been explored.

In the current study, we evaluated BDNF and TrkB expression 
changes in amygdala microglia and neurons and associated be-
havioral changes in a rat model of PSD. Further, we examined 
if intracerebroventricular (ICV) injection of t-PA or proBDNF can 
alter PSD pathogenesis or behavioral expression.

Material and Methods

Animals

Adult Sprague-Dawley rats (250±50 g) were obtained from 
the Animal Experiment Center, Kunming Medical University. 

Animals were maintained (maximum 5 per cage) at 23±2°C 
under 55±5% humidity and a 12 h/12 h light/dark cycle with 
free access to food and water. The study was conducted in ac-
cordance with the guidelines of the China Animal Protection 
Law. The study protocol was approved by the Animal Ethics 
Committee of the First Affiliated Hospital of Dali University.

Middle cerebral artery occlusion

Briefly, animals were anesthetized with 2.5% isoflurane and 
the skin was prepared for surgery by routine disinfection. An 
intraluminal thread was introduced into the common carot-
id artery and advanced to permanently occlude the middle 
cerebral artery, followed by routine wound closure [12]. Rats 
were placed in a heated environment immediately after sur-
gery. After waking, animals were returned to standard housing 
conditions and received intraperitoneal injections of penicillin 
(40 000 U/d) for 3 days to prevent postoperative infections. 
The Longa 5-grade standards and Horizontal Stick Experiment 
were used to assess functional neurological deficits following 
middle cerebral artery occlusion (MCAO). Three investigators 
blinded to MCAO evaluated neurological deficits, recorded the 
results, and determined the average scores.

Chronic unpredictable mild stress plus isolation housing

One week after MCAO, PSD and depression group rats were 
housed individually and exposed randomly to 1 of 8 stressors 
each day for 21 days (3 weeks) [13]. Stressors included cage 
shaking (1 shake/s for 5 min), 45° cage tilting (15-h duration), 
food and water deprivation (24 h), 4°C swim (5 min), tail pinch-
ing (1 min), moist cage bedding (10-h duration), overnight il-
lumination (12 h), and immobilization (2 h).

Behavioral tests

Body weight, sucrose preference, and open-field test activi-
ties were evaluated 1 day and 2, 4, and 8 weeks after chron-
ic unpredictable mild stress (CUMS).

For the sucrose preference test, rats were adapted to sucrose 
prior to testing by placing 2 bottles of 1% (w/v) sucrose solu-
tion on the cage for 48 h. After 24-h food and water depriva-
tion, animals were allowed to freely consume water or 1% su-
crose solution for 1 h from separate bottles. Bottle positions 
were randomly varied in each sucrose preference test. After 
1 h, the volumes of ingested sucrose solution and water were 
determined. Sucrose preference (%) was calculated based on 
the formula sucrose preference=vol. sucrose ingested/(vol. 
sucrose+vol. water ingested)×100.

For the open-field test, the test chamber was a wooden box 
(90×90×40 cm) with black walls and a white floor divided by 
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black lines into 25 equal squares. A rat was placed in the cen-
ter of the box and allowed free movement. Locomotor activ-
ity (at least 3 paws in a new quadrant) and rearing behavior 
(standing upright on hind legs) were quantified over a 5-min 
period. Both activities were manually recorded by 2 observers 
blinded to treatment group. The chamber was cleaned with 
75% alcohol between tests to eliminate odors.

Immunofluorescence analysis

Animals were anesthetized with 2.5% isoflurane and perfused 
via the left ventricle with 50 mL of normal saline (NS) followed 
by 200 mL of 4% phosphate-buffered paraformaldehyde. The 
brain was removed and postfixed in 4% paraformaldehyde over-
night, followed by transfer to 30% sucrose in 1× phosphate-
buffered saline (PBS). Coronal sections were cut at a thick-
ness of 5 μm using a cryostat vibratome (Leica, Germany) [14].

After being washed with 1×PBS, sections were blocked using 
5% goat serum for 1 h and then treated with primary antibodies 

against CD11b (1: 300, Millipore Inc., USA) and BDNF (1: 500, 
Abcam Inc., USA) or CD11b and TrkB (1: 3000, Abcam, Inc.), as 
well as NeuN (1: 300, Abcam Inc.) and BDNF or NeuN and TrkB 
overnight at 4°C, respectively. Sections were then washed 3 
times in 1×PBS and incubated with goat-anti-mouse IgG (1: 100, 
Dylight TM488, Cell Signaling Technology, Inc., Danvers, MA, USA) 
and goat-anti-rabbit IgG (1: 100, Dylight TM594, Cell Signaling 
Technology) at 37°C for 1 h in the dark. Following 3 washes in 
PBS, the sections were mounted with 70% glycerol and 30% PBS, 
and images were acquired using a fluorescence confocal micro-
scope (Leica TCS SP8). Five slices were taken from the basolat-
eral amygdala of every rat and 5 randomly chosen fields were 
scanned using a laser scanning confocal microscope with the 
HC PL APO 40×/0.95 CS lens. Photographs were analyzed with 
Image-Pro Plus 6.0 (Media Cybernetics, Silver Spring, MD, USA).

ICV	administration	of	proBDNF,	t-PA,	or	normal	saline

Three weeks after CUMS, some PSD rats were anesthetized 
with 2.5% isoflurane and placed in a stereotaxic apparatus 
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Figure 1.  Behavioral testing results in each group at different time points after CUMS. Histograms show (A) body weight (indicative 
of feeding behavior), (B) sucrose preference, (C) rearing activity, and (D) locomotor activity. Data are presented as mean±SE. 
Intergroup comparisons evaluated by 1-way ANOVA. N=10 rats/group; 1 (first day after CUMS), 2 (2 weeks), 3 (4 weeks), 
4 (8 weeks). * P<0.05 versus normal control rats; @ P<0.05 versus depression model rats (isolation-housing combined with 
CUMS); # P<0.05 versus stroke model rats (MCAO only). ANOVA – analysis of variance; CUMS – chronic unpredictable mild 
stress; MCAO – middle cerebral artery occlusion.
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(68001R, RWD Life Sciences, Shenzhen, China). During the 
entire procedure, anesthetized rats were placed on a hot pad 
where their foot pinch reflex, breath, and body heat were mon-
itored. A midline scalp incision was performed to expose the 
skull. According to the Watson and Paxinos Rat Brain Atlas [15], 
a hole was drilled at anteroposterior –0.90 mm, mediolater-
al 1.70 mm, and dorsoventral –4.00 mm, and a stainless-steel 
guide cannula (26 gauge) was placed 1 mm above the left lat-
eral ventricle. The guide cannula was fixed to 2 stainless-steel 
screws anchored to the skull using a mixture of dental acrylic 
cement and cyanoacrylate glue. A stainless-steel cannula dum-
my was placed in the guide cannula to maintain patency. All 
animals were injected intraperitoneally with sodium penicillin 
(40 000 U) to prevent postoperative infection.

Animals were assigned to the NS group (N=8), t-PA group (N=8), 
or proBDNF group (N=8). Rats were infused with tPA (3 μg dis-
solved in 6 μL saline, Boehringer Ingelheim), proBDNF (3 μg 
dissolved in 6 μL saline, Abcam), or equal-volume NS once per 
day for 7 consecutive days using the syringe pump connect-
ing to injection needles. Behavioral tests and immunofluores-
cence double staining were conducted as described above.

Statistical	analysis

For all quantification procedures, observers were blind to treat-
ment history. All data are expressed as mean±standard error 
(SE). Group means were compared by one-way ANOVA and 
S-N-K test. All calculations were performed using the SPSS 
17.0 for Windows covariance software package. The level of 
significance was set at P<0.05.

Results

PSD	model

Rats subjected to MCAO displayed focal neurological deficits af-
ter 24 h. These MCAO rats were then housed individually with-
out further intervention (stroke group), while depression and 
PSD groups were subjected to the isolation-housing combined 
with CUMS protocol. After 3 weeks of CUMS, rats exhibited de-
pression-like symptoms, including slow responses, drowsiness, 
and sluggishness, but without unexpected death. To evaluate the 
depressive-like symptoms, body weight, sucrose preference, and 
open-field activity were measured in all groups 1 day and 2, 4, 
and 8 weeks, after CUMS. We observed that PSD rats exhibited 
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Figure 2.  Effects of t-PA, proBDNF, or NS administered by ICV injection on depression-like behavior in PSD models rats. Histograms 
show (A) body weight (feeding behavior), (B) sucrose preference, (C) rearing activity, and (D) locomotor activity in rats 
injected with NS, t-PA, or proBDNF as indicated. N=8 rats/group. * P<0.05 versus NS-treated rats; # P<0.05 versus t-PA-
treated rats. BDNF – brain-derived neurotrophic factor; ICV – intracerebroventricular; NS – normal saline; PSD – poststroke 
depression; t-PA – tissue plasminogen activator.
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greater weight loss and lower sucrose intake (a sign of depres-
sion-like anhedonia), locomotor activity, and rearing in the open 
field, indicating successful establishment of the PSD model.

Behavioral tests

Changes in body weight

One day after CUMS, there was no significant difference in 
body weight among all groups (P>0.05). Two weeks after CUMS, 
however, body weight was significantly lower in the depres-
sion group and PSD group compared with the normal control 
group (P<0.05), while there was no significant difference be-
tween the stroke and normal control group (P>0.05). 4 and 8 
weeks after CUMS, body weights were lower in the depression 
and PSD group than in the normal control group and stroke 
group (P<0.05) (Figure 1A).

Changes in sucrose consumption

At 1 day after CUMS, there were no significant differences 
among intervention groups (P>0.05). At 2, 4, and 8 weeks af-
ter CUMS, sucrose consumption was significantly lower in the 
depression and PSD groups compared with the stroke and nor-
mal control groups (all P<0.05). Furthermore, at 4 and 8 weeks 
after CUMS, sucrose consumption in the PSD group was lower 
than in the depression group (P<0.05) (Figure 1B).

Rearing activity in the open-field test

At 1 day after CUMS, there was no significant difference in 
rearing activity among all groups (P>0.05). At 2, 4, and 8 weeks 
after CUMS, rearing activity scores were significantly lower 
in the PSD group and depression group than in the normal 
group and stroke group (P<0.05). Additionally, the PSD group 
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Figure 3.  Dual-immunofluorescence detection of BDNF or TrkB expression by amygdala microglia 4 weeks after CUMS. (A) BDNF or 
TrkB expression (red fluorescence) in CD11b-positive microglia (green fluorescence, merged yellow fluorescence) (bar=20 
μm). (B) Histograms show the number of BDNF/CD11b- or TrkB/CD11b-positive cells in amygdala microglia of each group. 
N=5 rats/group. * P<0.05 versus normal control rats; @ P<0.05 versus depression model rats; # P<0.05 versus stroke model 
rats. BDNF – brain-derived neurotrophic factor; CUMS – chronic unpredictable mild stress; TrkB – tyrosine kinase receptor B.
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exhibited significantly less rearing activity than the depression 
group at 4 and 8 weeks after CUMS (P<0.05), reaching lowest 
activity at 8 weeks after CUMS (Figure 1C).

Locomotor activity in the open-field test

One day after CUMS, there was no significant difference among 
all groups in the open-field test (P>0.05). Moreover, locomotor 
activity was significantly lower in the PSD group and depres-
sion group compared with the normal control group and stroke 
group at 2, 4, and 8 weeks after CUMS (P<0.05). Locomotor 
activity was also significantly lower in the PSD group com-
pared with the depression group at 4 and 8 weeks after CUMS 
(P<0.05) (Figure 1D).

Behavioral scores in PSD rats after ICV administration of t-PA, 
proBDNF, or NS

PSD rats exhibited significantly greater sucrose preference and 
activities in the open-field test (both rearing and locomotor ac-
tivity) 1 week after ICV t-PA injection compared with PSD rats 
receiving ICV NS or proBDNF (P<0.05). PSD rats injected with 
t-PA were also heavier than PSD rats injected with proBDNF 
(P<0.05), while there was no significant difference between 
t-PA and NS injection groups (P>0.05). The results suggest that 
t-PA injection can significantly alleviate depressive-like behav-
iors in PSD model rats (Figure 2).

Immunofluorescence analysis

Immunolabeling with CD11b (green fluorescence) was used to 
identify microglia in the amygdala. Overlapping BDNF or TrkB 
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Figure 4.  Dual-immunofluorescence detection of CD11b expression (green fluorescence) and BDNF or TrkB expression (red 
fluorescence) by amygdala microglia 8 weeks after CUMS. (A) BDNF or TrkB expression in CD11b-positive microglia 
(bar=20 μm). (B) Histograms show the number of BDNF/CD11b- or TrkB/CD11b-positive cells in amygdala of each group. N=5 
rats/group. * P<0.05 versus normal control rats; @ P<0.05 versus depression model rats; # P<0.05 versus stroke model rats. 
BDNF – brain-derived neurotrophic factor; CUMS – chronic unpredictable mild stress; TrkB – tyrosine kinase receptor B.
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immunolabeling (red fluorescence, merged yellow-green flu-
orescence) revealed microglial expression of these signaling 
factors. We examined changes in microglial expression levels 
of BDNF or TrkB at 4 and 8 weeks after CUMS. At 4 weeks af-
ter CUMS, the number of coexpression-positive cells of amyg-
dala BDNF/CD11b and TrkB/CD11b were lower among stroke, 
depression, and PSD group rats compared with the normal 
control group (all P<0.05), and lower in the PSD group than 
the other treatment groups (all P<0.05), while there was no 
significant difference between depression and stroke groups 
(P>0.05) (Figure 3). The same reduction pattern was also ob-
served 8 weeks after CUMS (Figure 4).

Similarly, immunolabeling with NeuN (green fluorescence) was 
used to identify neurons, and overlapping BDNF and TrkB im-
munolabeling (red fluorescence, merged yellow-green fluo-
rescence) represented these signaling factors expressed by 

the same neuron. We also measured the level of BDNF or 
TrkB labeled by NeuN at 4 and 8 weeks after CUMS. Results 
showed that the number of BDNF/NeuN- and TrkB/NeuN-
immunofluorescence-positive cells was lower in PSD group than 
that in the normal group at both 4 and 8 weeks after CUMS, 
but there were no significant differences among all groups (all 
P>0.05) (Figures 5, 6).

The number of BDNF/CD11b- or TrkB/CD11b-positive cells was 
significantly higher in the t-PA injection group compared to the 
NS and proBDNF injection groups (both P<0.05). Conversely, 
the coexpression of BDNF/CD11b- or TrkB/CD11b-positive cells 
was lower in the proBDNF injection group compared with the 
NS and t-PA groups (P<0.05) (Figure 7).
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Figure 5.  Dual-immunofluorescence detection of BDNF or TrkB expression by amygdala neuron 4 weeks after CUMS. (A) BDNF or 
TrkB expression (red fluorescence) in NeuN-positive neuron (green fluorescence, merged yellow fluorescence) (bar=20 μm). 
(B) Histograms show the number of BDNF/NeuN- or TrkB/NeuN-positive cells in amygdala of each group. N=5 rats/group. 
* P<0.05 versus normal control rats; @ P<0.05 versus depression model rats;# P<0.05 versus stroke model rats. BDNF – brain-
derived neurotrophic factor; CUMS – chronic unpredictable mild stress; TrkB – tyrosine kinase receptor B.
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Discussion

PSD is a common neuropsychiatric complication that great-
ly impedes patient rehabilitation and impairs quality of life. 
Depression exacerbates infarction size, while stroke increas-
es the risk of depression, so the depression-stroke association 
appears to be bidirectional [16].

In the present study, PSD rats exhibited significantly lower su-
crose preference, rearing activity, and locomotor activity com-
pared with stroke alone, depression alone, and control groups 
at 4 and 8 weeks after CUMS, indicating a more severe depres-
sion-like phenotype. This finding is consistent with our previ-
ous research and literature search results [17,18].

Microglia, the resident brain macrophages, account for approx-
imately 10% of all human brain cells. Microglia are involved in 
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Figure 6.  Dual-immunofluorescence detection of NeuN expression (green fluorescence) and BDNF or TrkB expression (red fluorescence) 
by amygdala neuron 8 weeks after CUMS. (A) BDNF or TrkB expression in NeuN-positive neuron (bar=20 μm). (B) Histograms 
show the number of BDNF/NeuN- or TrkB/NeuN-positive cells in amygdala of each group. N=5 rats/group. * P<0.05 versus 
normal control rats; @ P<0.05 versus depression model rats; # P<0.05 versus stroke model rats. BDNF – brain-derived 
neurotrophic factor; CUMS – chronic unpredictable mild stress; TrkB – tyrosine kinase receptor B.

multiple functions, including regulation of stem cell prolifera-
tion, tissue remodeling, pruning of synapses, promoting nerve 
regeneration, and monitoring neuronal activity [19,20]. Under 
normal conditions, microglia display a ramified morphology 
with a small cell soma and fine processes, referred to as the 
“resting state.” In this state, microglia serve a vital role in im-
mune surveillance [19]. Under pathological conditions such 
as infection, inflammation, and neuronal injury, microglia are 
transformed to activated states characterized by retraction and 
thickening of processes and hypertrophy of the cell body [5].

Our results showed that the coexpression of amygdala 
BDNF/CD11b and TrkB/CD11b in PSD rats was lower than in 
the other control groups, whereas there was no equivalent 
result for the coexpression of BDNF/NeuN and TrkB/NeuN in 
PSD rats. Microglial BDNF can lead to the activation of microg-
lia, and activated microglia can further induce the expression 
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Figure 7.  Effects of t-PA, proBDNF, and NS ICV injection on microglial expression of BDNF or TrkB in the amygdala 1 week after 
injection. (A) BDNF or TrkB expression (red fluorescence) in CD11b-positive microglia (green fluorescence) (bar=20 μm). 
(B) Histograms show the number of BDNF/CD11b- or TrkB/CD11b-positive cells in microglia of PSD model rats 1 week after 
ICV injection. N=5 rats/group. * P<0.05 versus NS injection; # p<0.05 versus tPA injection. BDNF – brain-derived neurotrophic 
factor; ICV – intracerebroventricular; NS – normal saline; PSD – poststroke depression; t-PA – tissue plasminogen activator; 
TrkB – tyrosine kinase receptor B.

of BDNF [21]. Thus, small changes in microglial BDNF levels 
may cause obvious physiological effects, which suggests that 
microglia have a significant role in BDNF expression in PSD.

After stroke, activated microglia can give rise to elevated lev-
els of proinflammatory cytokines, including interleukin (IL)-1, 
IL-6, and tumor necrosis factor-a [22]. These cytokines have 
been shown to stimulate indoleamine-2,3-dioxygenase in glial 
cells and lead to conversion of tryptophan to kynurenine, which 
is further converted to neurotoxic quinolinic acid. Binding of 
quinolinic acid to N-methyl-D-aspartate receptors results in re-
duced levels of serotonin and increased glutamatergic activi-
ty, long known to be associated with depression [23]. Further, 
these cytokines can reduce the release of BDNF or interrupt 
its binding to TrkB, which may contribute to depression-like 
behaviors [24]. Parkhurst et al. [25] has also suggested that 
microglia-derived BDNF plays an integral part in homeostatic 
neuroplasticity mechanisms. In addition, microglia can inter-
fere with the formation of dendritic spines by regulating the 

level of BDNF. The amygdala is involved in emotional behav-
ior, locomotor activity, and integration of endocrine functions. 
Damage to the amygdala can lead to aberrant motional be-
havior, decreased aggression, increased passivity, and mood 
disorders [26]. Neuronal atrophy and cell loss in the amygdala 
have been demonstrated in animal models of depression [27] 
and following stroke [26].

BDNF and its receptor TrkB contribute to PSD [25] and may 
also mediate the therapeutic response to various treatments. 
Indeed, BDNF and TrkB expression levels are decreased in de-
pression and upregulated by antidepressants [28]. The precur-
sor of mature BDNF, proBDNF, can induce neuronal cell apop-
tosis, long-term depression, neurite collapse, and synaptic 
retraction, thus opposing the actions of BDNF [29]. Clinical and 
experimental studies have demonstrated that serum proBDNF 
is upregulated in depression patients [30] and rat models of 
depression [31]. Benraiss et al. [32] reported that BDNF inject-
ed into the lateral ventricles could increase neurogenesis in 
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several brain regions, while Yang et al. [33] found that anti-
proBDNF antibody injection could reverse depression-like be-
havior in a rat model of chronic stress.

The proteolytic enzyme t-PA, which converts plasminogen to 
plasmin and promotes conversion of proBDNF to BDNF, can 
also influence depression [34]. In addition to being secreted 
by endothelial cells, t-PA has also been shown to be secret-
ed by neurons and microglia of the central nervous system, 
where it is highly expressed and is involved in neuronal syn-
aptic plasticity and stress reaction [35]. The activity of t-PA is 
an important regulator of structural plasticity of the amyg-
dala [36]. Indeed, some researchers have suggested that the 
overexpression of t-PA may have a potential therapeutic ef-
fect on depression, especially for comorbidities related to car-
diovascular disease [8]. Our research initially verified this view 
and further clarified the effect of exogenous administration of 
t-PA on expression of microglial BDNF.

In this study, we found that numbers of BDNF/CD11b- and TrkB/
CD11b-positive cells were greatly increased after injection of 
t-PA in PSD model rats compared with NS and proBDNF injec-
tion. Moreover, t-PA injection enhanced sucrose consumption 

and open-field activity by PSD rats (i.e., reduced depression-
related anhedonia and locomotor retardation) compared with 
NS or proBDNF injection. Duman and Monteggia [27] report-
ed that downregulation of BDNF expression blocked neural 
protection and repair, leading to neuronal cell apoptosis and 
eventual depression. Our results suggest that downregulation 
of BDNF expression by microglia contributes to the develop-
ment of depression after stroke.

Conclusions

In a rat model, the coexpression of BDNF/CD11b and TrkB/
CD11b was lower in the PSD group compared with the stroke, 
depression, and control groups at 4 and 8 weeks after CUMS. 
Behavioral test scores were also significantly lower in PSD rats 
than in stroke and depression groups at 4 and 8 weeks after 
CUMS, suggesting that downregulation of BDNF and TrkB ex-
pression by amygdala microglia may be relevant in the devel-
opment of PSD. These findings provide a foundation for fur-
ther studies on the contributions of microglia-derived BDNF 
to depression following stroke.
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