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Abstract. – OBJECTIVE: To analyze how chang-
es in the levels of brain-derived neurotrophic factor 
(BDNF) and neuroglobin (NGB) affect learning and 
memory in rats with intracerebral hemorrhage. 

MATERIALS AND METHODS: Thirty male 
Sprague-Dawley rats were randomly divided in-
to the control group, sham operation group and 
model group with 10 rats each. The rats in the con-
trol group were untreated, while those in the sham 
operation group were treated with sterile saline in-
stead of type VII collagenase injection in the glo-
bus pallidus. The model of cerebral hemorrhage 
was established according to the methods de-
scribed by Rosenberg. The expression of perihe-
matomal BDNF mRNA was measured by Real-time 
quantitative PCR (RT-PCR) for 7 days consecu-
tively. Perihematomal NGB-positive cells were de-
tected by immunohistochemistry. The Morris wa-
ter maze was used to test the spatial learning and 
memory of rats.

RESULTS: Compared with the control group and 
sham operation group, the expression of BDNF 
mRNA and number of NGB-positive cells in the 
model group were significantly higher. Further-
more, the escape latency was significantly pro-
longed (p < 0.05). The NGB and BDNF mRNA levels 
and escape latency were positively correlated. The 
correlation coefficients were as follows: rs (NGB) 
= 1.1838 (p = 0.008); rs (BDNF) = 0.5948 (p = 0.012).

CONCLUSIONS: Cerebral hemorrhage signifi-
cantly inhibited the spatial learning and memory 
ability of rats. The mechanism may be related to 
decreased cerebral expression of BDNF and NGB.
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Introduction

In recent years, the incidence of cerebral hem-
orrhage has been increasing. Presently, the struc-
ture and function of mature brain tissues are 
considered to have a certain degree of plastici-

ty. Promoting neural regeneration after cerebral 
hemorrhage has become a form of treatment 
for neuronal injury, and the secretion of neuro-
protective factors after brain injury has become 
an area of intense research in the field of cere-
brovascular disease. Brain-derived neurotrophic 
factor (BDNF), a protein widely distributed in 
the central nervous system, plays an important 
role in the growth, differentiation, and survival 
of neurons. Additionally, it can prevent nerve 
cells from death, and promote cell regeneration 
and differentiation1,2. Neuroglobin (NGB) is an 
oxygen-carrying protein expressed primarily in 
brain tissue. Under ischemia and hypoxia, NGB 
has been shown to be elevated, and has a very 
important function in protecting the nervous sys-
tem3,4, although its specific mechanism is not 
clear. Therefore, we used a rat model of collage-
nase-induced cerebral hemorrhage, and observed 
the expression of NGB and BDNF to explore their 
specific roles in spatial learning and memory.

Materials and Methods

Experimental Animals and Grouping
Thirty healthy male Sprague-Dawley (SD) rats 

weighing 220 ± 20 g were provided by the Second 
People’s Hospital of Liaocheng City, Shandong 
Province, and randomly divided into the control 
group, sham operation group, and model group 
with 10 rats in each group. This study was ap-
proved by the Ethics Committee of the Second 
People’s Hospital of Liaocheng. 

Reagents and Equipment
Type VII collagenase (Sigma-Aldrich, St. Lou-

is, MO, USA); Stoelting TL-2 mouse stereotaxic 
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apparatus (Biolegend, San Diego, CA, USA); 
Morris water maze and Ethovision system (Nol-
dus, Wageningen, Netherlands); Trizol (Invitro-
gen, Carlsbad, CA, USA); PCR reagents (Biyun 
Tian Biotechnology Research Institute, Shanghai, 
China); Fluorescence Quantitative PCR machine 
(Model 7700) (ABI, Foster City, CA, USA); Rab-
bit anti-rat NGB polyclonal antibody (Xin Bo 
Sheng Biotechnology Company, Beijing, China).

Establishment of the Experimental 
Model of Intracerebral Hemorrhage

The method described by Rosenberg et al (5) 
was used to induce intracerebral hemorrhage in 
rats in the model group. Rats in the control group 
were untreated. 

Rats in the sham-operated group were treated 
with sterile physiological saline instead of type 
VII collagenase, while the other operations were 
the same as those in the model group.

Observational Indexes
Neurological deficits were assessed as de-

scribed by Longa et al6 after awakening in rats; 
0 points: no symptoms of neurological deficits; 
1 point: subjects cannot fully extend the contra-
lateral forelimb of the bleeding side; 2 points: 
circling rear-end to the side contralateral to the 
site of bleeding; 3 points: falling to the side con-
tralateral to the site of bleeding side; 4 points: 
disturbance of consciousness and inability to 
spontaneously walk. Rats with scores between 
1 and 3 were categorized as subjects for further 
analysis. The remaining animals were excluded, 
with corresponding replacement to ensure 10 rats 
in each group.

Determination of Perihematomal BDNF 
mRNA Expression Levels

Seven days after treatment, five rats in each 
group were euthanized with 10% chloral hy-
drate, and brains were quickly dissected. Some 
perihematomal tissues were separated. Total 
RNA was extracted according to the instruc-
tions of the Trizol kit. The concentration and 
purity of RNA were determined with an ul-
traviolet spectrophotometer. RNA was reverse 
transcribed into cDNA. The housekeeping gene, 
GADPH, was used as the internal reference to 
standardize gene expression levels. The gray 
values of the obtained bands were analyzed 
according to the instructions of the kit. The BD-
NF forward primer sequence: 5’-GTCCCTTC-
TACACTTACCTCTTG-3’; the BDNF reverse 

primer sequence: 5’-CTTTGTTTCACCCTTTC-
CACTCCT-3’. The GAPDH forward primer 
sequence: 5’-CACGGCAAGTTCAACGGCA-
CAG-3’; the GAPDH reverse primer sequence: 
5’-ACGCCAGTAGACTCCACGACAT-3’. PCR 
reaction conditions: pre-denaturation at 94°C for 
5-10 min, denaturation at 94°C for 30 s-2 min, 
annealing for 30 s-2 min at 72°C, extension for 
1-5 min at 72°C, and extension for 5-10 min. The 
three middle steps were repeated 30 times.

Immunohistochemical Detection of the 
Expression of NGB-positive Cells Around 
the Hematoma 

Seven days after treatment, five rats in each 
group were euthanized with 10% chloral hydrate, 
and tissues were perfusion-fixed with 4% para-
formaldehyde solution. When the bodies of rats 
hardened, they were decapitated and the brains 
were dissected. The brains were fixed in the same 
4% paraformaldehyde solution, and then succes-
sively placed in 20% and 30% sucrose solutions. 
After the tissues sank to the bottom, they were 
sectioned in the cryostat and stored. Normal goat 
serum was added dropwise to tissue sections and 
incubated at room temperature for 30 min. A to-
tal of 50 μl primary antibody (rabbit-anti-mouse 
NGB) was added and placed at 4°C for 24 h. The 
corresponding biotin-labeled secondary antibody 
was added and incubated at room temperature for 
30 min. SABC (Strept Avidin Biotin Complex) 
reagent was added and incubated at 30°C for 30 
min. Freshly made 3,3’-diaminobenzidine (DAB) 
was added and the time of color development 
was controlled by microscopic examination. The 
sections were dehydrated, mounted, and sealed 
with neutral balsam. Next, they were observed, 
photographed, and analyzed.

Determination of Learning and 
Memory Ability 

The Morris water maze was used to test spatial 
learning and memory capacity (7). Water maze 
device parameters: diameter of 120 cm; a circular 
escape plane of 10 cm diameter and 40 cm height. 
The device was wrapped with a black plastic bag 
and placed in the middle of the third quadrant, 
with the platform 2 cm below the water surface. 
The pool temperature was controlled at 25 ± 
2°C. The water was blackened with ink while 
subjects around the pool for reference remained 
unchanged. The rats were placed in the pool from 
the four quadrants, respectively, and they were 
observed until they found the target platform. 
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If rats found the target platform within 60 s and 
stayed there for 15 s, they were removed from the 
maze. The time to move them from the starting 
points before finding the target platform was re-
corded and defined as the escape latency (EL). If 
rats could not find the target platform within 60 
s, a rod was used to guide them to the platform. 
They were removed from the maze after staying 
on the platform for 15 s to guide their learning 
and memory. The EL was recorded as 60 s. This 
method was used for 5 consecutive days of train-
ing. On the 6th day, the mean time was recorded 
and used as an observant indicator to determine 
learning ability. The parameters of the entire ex-
periment were recorded with a computer.

Statistical Analysis
SPSS13.0 (SPSS, Inc., Chicago, IL, USA) was 

used for data analysis. All quantitative data are 
presented as x– ± s. Differences between groups 
were analyzed using ANOVA. The differences 
between two groups were analyzed by the LSD 
method. The number of BDNF- and NGB-posi-
tive cells in each group was analyzed by ANOVA. 
p < 0.05 suggested that the difference was statis-
tically significant.

Results

The Expression of BDNF mRNA in 
Perihematomal Tissue of Rats

At day 0, there were no significant differences 
in the levels of perihematomal BDNF mRNA 
between the three groups. On days 1-7, the ex-
pression of BDNF mRNA in the control group 
was not significantly different from that in the 
sham operation group (p > 0.05). On days 1-7, the 
expression of BDNF mRNA in the model group 
was significantly higher than those in the control 
group and sham group (p < 0.01, respectively). 
There were differences between the expression 

of BDNF mRNA on day 0 and days 1-7 in the 
model group, but no differences were observed 
in the control group and sham group at the same 
time points (p > 0.05). See Table I and Figure 1.

The Expression of Perihematomal 
NGB-Positive Cells in Rats

On day 0, there were no significant differ-
ences in the number of NGB-positive cells 
between the three groups. However, a small 
number of NGB-positive cells were observed in 

Figure 1. Comparison of the levels of BDNF mRNA in each 
group. According to RT-PCR, on days 1-7, the expression 
of BDNF mRNA in the control group was not significantly 
different from that in the sham group (p > 0.05). On days 
1-7, the expression of BDNF mRNA in the model group 
was significantly higher than those in the control group and 
sham group (p < 0.01, respectively). There were differences 
in expression in the model group between day 0 and days 
1-7, but no differences were observed in the control group 
and sham operation group at the same time points (p > 0.05). 

Table I. The expression of BDNF mRNA in perihematomal tissue of rats (x–  ± s).

    BDNF mRNA expression level  
       F p
 Group 0 d 1 d 3 d 5 d 7 d value value

Control 1.032 ± 0.328 1.047 ± 0.328 1.026 ± 0.282  1.082 ± 0.372  1.093 ± 0.378  0.873 0.128
Sham 1.073 ± 0.382 1.098 ± 0.326 1.067 ± 0.483  1.128 ± 0.372  1.298 ± 0.753  0.138 0.867
Model 1.037 ± 0.473 5.483 ± 0.327 8.372 ± 0.483 10.287 ± 0.483 18.287 ± 0.873 18.493 0.002
F value 0.632 14.387 12.873 9.389 10.278 – –
p-value 0.387  0.003  0.008 0.013  0.012 – –
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the brain tissues of rats in the control group and 
sham-operated group. On days 1-7, the number 
of NGB-positive cells was significantly in-
creased in the model group compared with the 
control group and sham-operated group (p < 
0.01). The number of NGB-positive cells in the 
model group was significantly different on days 
1-7 compared with day 0. However, no signif-
icant differences were observed in the control 
group and sham group at the same time points. 
See Table II, Figure 2 and Figure 3.

Detection of Learning and Memory
Ability in Rats

There was no significant difference in EL 
between the control group and sham-operated 
group (p > 0.05). On day 0, there were no sig-
nificant differences between the three groups 
in EL. Afterward, the EL in the model group 
increased significantly compared with those in 
the control group and sham operation group. 
There was a significant difference in EL be-
tween day 0 and days 1-7 in the model group, 
but not in the control and sham operation group 
(p > 0.05). See Table III and Figure 4.

Table II. The expression of perihematomal NGB-positive cells in rats.

    Number of NGB-positive cells 
       F p
 Group 0 d 1 d 3 d 5 d 7 d value value

Control 20.382 ± 0.382 19.983 ± 0.493 19.327 ± 0.329 20.487 ± 1.298 20.323 ± 0.439  0.618 0.398
Sham 20.387 ± 1.298 19.989 ± 1.243 20.378 ± 2.123 21.843 ± 1.287 21.372 ± 0.483  0.672 0.329
Model 20.989 ± 1.478 26.483 ± 0.873 31.387 ± 1.987 48.325 ± 2.387 51.277 ± 0.483 21.879 0.001
F value 0.387 9.328 12.187 13.287 19.487 – –
p-value 0.621 0.011  0.008  0.006  0.002 – –

Figure 3. Immunohistochemical staining of NGB in different groups. Compared with the sham-operated group and control 
group, the number of NGB-positive cells in the model group was significantly increased (p < 0.05). (Magnification×40).

Figure 2. On day 0, there were no significant differences in 
the number of NGB-positive cells between the three groups. 
On days 1-7, the number of NGB-positive cells in the model 
group was significantly increased compared with the control 
group and sham-operated group (p < 0.01). The number 
of NGB-positive cells in the model group on days 1-7 was 
significantly different compared with day 0. However, no 
significant differences were observed in the control group and 
sham operation group at the same time points (p > 0.05). 
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The Correlation Analysis of NGB and 
BDNF mRNA Levels and Escape Latency 

By analyzing the mRNA levels of NGB and 
BDNF and EL, we found there was a positive 
correlation between BDNF mRNA level and 
NGB-positive cell number and EL with correla-
tion coefficients rs (NGB) = 1.1838 (p = 0.008) 
and rs (BDNF) = 0.5948 (p = 0.012). See Figure 
5A-B.

Discussion

Cerebral hemorrhage is a common disease of 
the nervous system. Its rates of mortality and 
morbidity are high, accounting for 17.2-56% of 
cerebrovascular diseases. Axons cannot effec-
tively regenerate because of nervous system dam-
age caused by cerebral hemorrhage, often result-
ing in irreversible nervous system function loss 
and sequelae. Among the common sequelae are 
learning and memory dysfunction. They serious-
ly affect the quality of life of patients and induce 
a heavy financial burden on patients, their fami-
lies, and society8-10. Therefore, exploring effec-
tive treatments and promoting the recovery of 
nerve function have become focuses of current 
neurological research. The Morris water maze 
has been widely used in the study of memory 
behavior in experimental animals. The locating 
navigation experiment is used to record the an-
imal’s EL on each attempt to reflect their mem-
ory ability regarding the target platform’s spa-
tial position. This allows for evaluation of the 
animal’s spatial learning and memory ability. 
The EL is inversely proportional to the spatial 
learning and memory capacity of animals9. The 
results suggested that EL was significantly lon-
ger after the occurrence of intracerebral hem-
orrhage in rats. Furthermore, the expression of 
NGB and BDNF increased significantly in the 
brain tissues of rats with cerebral edema, sug-
gesting that they may be related to the decline 
of learning ability and memory10. NGB is a 
recently discovered and important oxygen-car-
rying protein that belongs to the same family 
as hemoglobin and myoglobin. Several stud-
ies11,12 have shown that NGB mRNA expres-
sion increases significantly under ischemic and 
hypoxic conditions, indicating that NGB has 
an important protective effect on neurons in 
cerebral ischemic and hypoxic injury. Similar 
to myoglobin, NGB can promote the diffusion 

Table III. Comparison of escape latency between the three groups.

    EL (s) 
       F p
 Group 0 d 1 d 3 d 5 d 7 d value value

Control 12.898 ± 0.232 13.029 ± 0.389 12.938 ± 0.382 13.287 ± 0.372 13.287 ± 0.839  0.598 0.382
Sham 12.327 ± 0.372 13.287 ± 0.323 13.287 ± 1.232 14.323 ± 0.382 14.378 ± 1.398  0.672 0.298
Model 12.894 ± 0.372 21.376 ± 3.372 28.387 ± 8.387 30.483 ± 3.211 39.483 ± 3.243 12.823 0.008
F value 0.682 8.324 17.323 19.382 21.897 – –
p-value 0.372 0.012  0.003  0.002  0.001 – –

Figure 4. Comparison of escape latency between the 
three groups. Morris water maze test showed that there 
was no significant difference in escape latency between 
the control group and sham-operated group on days 1-7 
(p > 0.05). On days 1-7, the escape latency in the model 
group was significantly higher than in the control group 
and sham operation group (p < 0.01, respectively). There 
was a significant difference between day 0 and days 1-7 in 
the model group (p < 0.05). In the control group and sham 
operation group, there were no significant differences in 
escape latency at each time point (p > 0.05).
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of oxygen to mitochondria in the hypoxic state, 
thereby enhancing the utilization of oxygen12. 
It was suggested that NGB may protect neurons 
from ischemia and hypoxia through the follow-
ing mechanisms: (1) by attenuating the toxic ef-
fects of active oxygen free radicals and nitrogen 
free radicals13; (2) by helping oxygen from cells 
spread to mitochondria by increasing oxygen 
metabolism of nerve cells; (3) by regulating a G 
protein-coupled signal transduction pathway to 
reduce mitochondrial dysfunction and apopto-
sis, thereby improving cell viability14-16. In this 
study, the number of perihematomal NGB-pos-
itive cells in rats with intracerebral hemorrhage 
was significantly higher than in the control 
group and sham operation group (p < 0.01). 
These results suggest that after cerebral hem-
orrhage, as a compensatory response, damaged 
perihematomal neurons may further promote 
the release of NGB and affect the learning and 
memory ability of rats. Additionally, we found 
that the expression of BDNF mRNA was sig-
nificantly higher in the model group compared 
with the other two groups (p < 0.01). In brain 
tissue, BDNF is primarily released following its 
synthesis in nerve cells and glial cells, playing 
an important role in central nervous system 
growth and development. It promotes nerve cell 
growth and differentiation, and plays an import-
ant role in nervous system development and the 
generation and maintenance of its functions17-19. 
By stabilizing the calcium concentration af-

ter injury of brain tissue, BDNF can enhance 
the activity of antioxidant enzymes, reduce the 
damage from free radicals, reduce apoptosis, 
and promote the regeneration of neurons to stim-
ulate the recovery of functions of injured nerves. 
Pathological states such as ischemia, hypoxia, 
and other injuries can induce a significant in-
crease of BDNF mRNA and protein expression 
in brain tissue20,21, which is consistent with the 
results of the present study.

Conclusions

We suggest intracerebral hemorrhage can sig-
nificantly inhibit the spatial learning and memory 
ability of rats, and the mechanism may be related 
to decreased cerebral expression of BDNF and 
NGB.
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