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Abstract. - OBJECTIVE: To explore the effect
of neurotrophin-3 (NT-3) messenger ribonucleic
acid (mRNA) in the hippocampus on infection-in-
duced memory impairment of neonatal rats.

MATERIALS AND METHODS: 80 female
Sprague-Dawley (SD) rats in the neonatal stage
were selected to establish memory impairment
model by bacterial meningitis infection. Rats
were randomly divided into experimental group
(n=40) and control group (n=40). Rats in experi-
mental group were injected with B-amyloid pre-
cursor protein 319-335 peptide APP17p into brain
tissue to up-regulate the expression of NT-3, and
the rats in control group didn’t receive treatment.
Behavioral changes of rats were observed in
Morris water maze and passive avoidance exper-
iment. Apoptosis of nerve cells was detected by
terminal deoxynucleotidyl transferase (TdT)-me-
diated dUTP nick end labeling (TUNEL) method
and Fluoro-Jade B method. NT-3 mRNA expres-
sion level was measured via reverse transcription
polymerase chain reaction (RT-PCR).

RESULTS: NT-3 expression level in experimen-
tal group was higher than that in control group
(p<0.05). Apoptosis rate of nerve cells in ex-
perimental group was lower than that in control
group, but the learning and memory ability of
rats in experimental group was better than that
in control group (p<0.05).

CONCLUSIONS: Reduced NT-3 expression
level may be correlated with the occurrence of
meningitis because NT-3 can suppress nerve
cell apoptosis and ameliorate learning and mem-
ory impairment to a certain extent to exert neu-
roprotective effects.
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Introduction
Meningitis refers to the diffused inflamma-

tion around brain and spinal meninges. As the
most severe type of meningitis, bacterial men-

ingitis is characterized by the high incidence,
rapid onset, high mortality rate and neurologic
sequelae'?. Although antibiotic therapy, cortico-
steroids and advanced intensive care are actively
applied, mortality rate of bacterial meningitis is
still as high as 15-35%. Besides that, bacterial
meningitis also increases the risk of neurological
deficits’. Effective treatment for most meningitis
remains vacant. Therefore, the purpose of treat-
ment is to relieve the symptoms. Neurotrophin-3
(NT-3) is mainly expressed in neurons and as-
trocytes of the nervous system. Low expression
level of NT-3 can also be detected in cerebral
endothelial cells as well as microvessels of the
nerve plexus®. It has been reported that NT-3 can
protect the neurons and stimulate the growth of
neurites and formulation of myelin sheaths by
activating the Schwann cells’. Researches® have
shown that NT-3 can also promote and enhance
the locomotor recovery of untrained vertebrates.
Therefore, NT-3 may also have protective effects
on neurological function in patients with menin-
gitis, but the correlation between NT-3 and men-
ingitis has rarely been reported. In this study,
NT-3 expression in rat bacterial meningitis mod-
els at neonatal stage was upregulated by peptide
APP17p of B-amyloid precursor protein 319-335,
to observe its effects on the rats’ memory func-
tions. We provided references for the treatment
of bacterial meningitis.

Materials and Methods

Research Objects

All the Sprague-Dawley (SD) rats were pur-
chased from Wuhan Myhalic Biotechnology Co.,
Ltd., and were fed with Shoobree Specific-Patho-
gen-Free (SPF)-grade rat feeds (Jiangsu Xietong
Organism Co., Ltd., Jiangsu, China) and were
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raised at room temperature (21+2°C) with 30-
70% humidity. Rats were allowed to access food
and water freely. Female SD rats aged 7-11 d, and
weighed 16-25 g. This study was approved by the
Ethics Committee of the Affiliated Jiangyin Hos-
pital of Southeast University of Medical College.

SD Rat Modeling

Sprague Dawley (SD) rats underwent the Mor-
ris water maze twice a day for one week. SD rats
were allowed to find the security platform in the
third quadrant within 2 min and stay there for 45
s. Those that failed to finish the task were guided
by researchers. At 30 min after the training, SD
rat bacterial meningitis models were established
according to the method described by Liechti et
al’. SD rats were injected intraperitoneally with
pentobarbital sodium (50 mg/kg). Streptococcus
pneumoniae (Shanghai Guduo Biotechnology
Co., Ltd., Shanghai, China) suspension with a
concentration of DH5a 1x10 CFU/mL was pre-
pared, and 20 pL of the suspension were injected
into brain tissues to establish SD rats bacterial
meningitis models. SD rats were subjected to
Morris water maze training and passive avoid-
ance experiment 24 h after inoculation of bacte-
ria. Experimental results beyond 2 min indicated
the successfully established model. A total of 80
rat bacterial meningitis models were successful-
ly established, and were randomly divided into
experimental group (n=40) and control group
(n=40). Rats in experimental group were sub-
cutaneously injected with 10 pL APP17p, while
the rats in control group didn’t receive treatment.
Indications were observed after 24 h.

Ribonucleic Acid (RNA) Extraction

TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) was used to extract total RNA from brain
tissues according to the instructions of the kit.
Concentration and purity of the extracted RNA
were analyzed via an ultraviolet spectrophotom-
eter, and the integrity of the RNA was analyzed
through 3% agarose gel electrophoresis.

Complementary Deoxyribonucleic Acid
(cDNA) Synthesis

TagMan® MicroRNA reverse transcription kit
was purchased by Thermo Fisher Scientific Inc.,
(Waltham, MA, USA) and the cDNA was synthe-
sized through reverse transcription in accordance
with the instructions. Reaction conditions: 37°C
for 45 min and 95°C for 5 min. The product was
stored at -20°C.

Reverse Transcription Polymerase Chain
Reaction (RT-PCR)

Reaction system was 25 pL: DNA template
2 uL, primer 0.5 mol/L, 2X dNTP 2.0 pL, buf-
fer solution 2.5 pL, MgCl, 1.5 mol/L, Taq DNA
polymerase 1.0 IU, nuclease-free water was add-
ed to make the final volume of 25 pL. Reaction
conditions: 95°C for 5 min, followed by 35 cycles
of 95°C for 30 s, 60°C for 45 s and 72°C for 3
min, and then 72°C for 5 min. PCR products were
stored at 4°C. Primers used in PCR reactions:
NT-3: upstream primer: 5-GTATCTCATGGAG-
GATTACGTGGG-3’, and downstream primer:
5S’"-TGTTCTCTGAAGTCAGTGCTCGGA-3"; U6
[GenScript (Nanjing) Co., Ltd., Nanjing, China]
was used as the endogenous control. Three repli-
cate wells were set for each experiment, and 244
method was utilized to analyze the results.

Terminal Dexynucleotidyl Transferase
(TdT)-Mediated dUTP Nick End Labeling
(TUNEL) Method

Frozen brain tissue sections were fixed in 10%
neutral formaldehyde at room temperature for 10
min. Tissue sections were washed twice with phos-
phate-buffered saline (PBS), 5 min for each. The
tissue sections were treated with ethanol: acetic acid
(2: 1) solution at -20°C for 5 min. Next, tissue sec-
tions were washed twice with PBS, 5 min for each.
TUNEL kit was purchased from Shanghai China
Wins Da Industrial Co., Ltd., (Shanghai China). Brain
tissues of the SD rats were stained according to the
instructions of the kit. After staining, TUNEL pos-
itive neuron cells showed brown or yellowish-brown
nuclei. Image analysis software (Image-pro Plus 5.0)
was used to count the number of TUNEL positive
cells of 5 visual fields at x 400 magnifications. The
number of TUNEL positive cells was presented as
the integrated optical density value.

Fluoro-Jade B Method

The Fluoro Jade-B kit was bought from Seebio
Biotech (Shanghai) Co., Ltd. (Shanghai, China)
Fluorescence staining of the brain tissues was
conducted according to the instructions of the kit.
Green fluorescence emitted from the cell body
with clear outline and the neuronal cell dendrites
greater than or equal to 1 indicated positive sig-
nal. Positive cells of 5 visual fields of were count-
ed under a microscope with high magnification.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 19.0 (SPSS Inc., Chicago, IL, USA) was
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Table I. General information of the two groups of rats.

Experimental group Control group t-value p-value

Age (d) 8.2+1.3 9.8+1.6 0.542 0.899
Sex (male/female) 24/16 19/21 0.669 0.645
Weight (g) 22.4+3.8 26.7+4.2 0.452 0.785
Morris water maze test

Swimming time (s) 141.2+31.3 142.4+42.1 0.297 0.985
Swimming distance (cm) 334.5+128.6 342.7+133.1 0.502 0.842
Passive avoidance experiment

Number of error 9.2+2.7 8.7+£3.3 0.693 0.796
Latent time (s) 74.3+34.6 77.2+41.5 0.515 0.877

used. y*-test was used for comparison of Quali-
tative data. Measurement data were expressed as
MEAN + S.E.M, and nonparametric Kolmogor-
ov-Smirnov (K-S) test was conducted for compar-
isons between two groups. p<0.05 suggested that
the difference was statistically significant.

Results

General Information

A total of 80 Sprague Dawley (SD) rat bacterial
meningitis model were successfully established,
15 rats were dead, and 30 rats were disqualified,
with a success rate at 64%. All rats in two groups
allowed to access water and food freely. There
were no differences in gender, age and weight be-
tween two groups (p>0.05). The general data was
shown in Table L.

Results of Morris Water Maze Test of two
Groups of Rats

Average swimming time [(112.44327) s vs.
(152.3+42.2) s] and swimming distance [(237.6+£99.7)
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Figure 1. Average swimming time detected by Morris wa-
ter maze test of two groups of rats. It is discovered from
the results of Morris water maze test on the SD rats that the
average swimming time [(112.4432.7) s vs. (152.3+42.2) s]
of SD rats in experimental group is significantly decreased
compared with that in control group (1=2.475, p=0.012;
1=2.014, p=0.019).

cm vs. (347.6£112.2) cm] of SD rats in experimental
group were significantly decreased compared with
those in control group (p<0.05), indicating that the
memory function of SD rats in experimental group
was stronger than that in control group (Figure 1 and
Figure 2).

Results of Passive Avoidance Experiment
of Two Groups of Rats

Results of passive avoidance experiment of
SD rats showed that the average number of error
[(4.7£1.6) vs. (9.9£2.5)] and latent time [(49.8+21.5)
s vs. (76.7+£42.1) s] of SD rats in experimental
group were remarkably decreased compared with
those in control group (p<0.05), which future
confirmed that the memory function of SD rats
in experimental group was stronger than that of
control group (Figure 3 and Figure 4).

Apoptotic Neuron Cells Detected by
TUNEL Test

TUNEL staining results showed that the num-
ber of apoptotic neuron cells [(1542.11£144.15)
vs. (2745.46£155.25)] of SD rats in experimental
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Figure 2. Average swimming distance of Morris water
maze test of two groups of rats. It is discovered from the
results of Morris water maze test on the SD rats that the
swimming distance [(237.6+99.7) cm vs. (347.6£112.2) cm]
of SD rats in experimental group is significantly decreased
compared with that in control group (¢=2.014, p=0.019).
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Figure 3. Average number of errors of passive avoidance
experiment of two groups of rats. The results of passive
avoidance experiment on SD rats show that the average
number of error [(4.7+1.6) vs. (9.9+2.5)] of SD rats in exper-
imental group is remarkably decreased compared with that
in control group (t=2.334, p=0.014; 1=2.467, p=0.017).

group was notably reduced compared with that in
control group (p<0.05) (Figure 5).

Neuron Cells Degeneration Detected by
Fluoro-Jade B Test

Through Fluoro-Jade B staining results showed
that the number of degenerated neuron cells of
SD rats in experimental group was significantly
smaller than that in control group (p<0.05). The
numbers of positive cells at X400 magnifications
in experimental group was 19.2+1.1, which was
significantly smaller than that of control group
(34.2+2.3) (Figure 6).

NT-3 miRNA Amplification of SD Rat
Detected by RT-PCR

RT-PCR results showed that expression level
of NT-3 mRNA of the SD rats in experimental
group was remarkably elevated compared with
that in control group [(0.61+0.02) vs. (0.31+0.01)]
(p<0.05) (Figure 7).
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Figure 4. Average latency time detected by passive avoid-
ance experiment of two groups of rats. The results of passive
avoidance experiment on SD rats show that the latent time
[(49.8£21.5) s vs. (76.7£42.1) s] of SD rats in experimental
group is remarkably decreased compared with that in con-
trol group (¢=2.467, p=0.017).

Discussion

Bacterial meningitis affects more than 1.2 mil-
lion new cases every year worldwide, and treat-
ment of bacterial meningitis has attracted more
and more attentions®’. Mortality rate of acute
bacterial meningitis is high, and mortality rate
of patients with coma caused by bacterial men-
ingitis can reach 62%. Risk factors of bacterial
meningitis include impaired mental status, aging,
complications induced by non-meningococcal
causes and fulminant diseases'®!'. In addition,
80% of the survived patients will develop sequel-
ae of the nervous system!'?!3, Therefore, we aimed
to investigate the effect of NT-3 on the memory
function of bacterial meningitis rats by enhanc-
ing the expression of NT-3 with an expectation
of providing references for the treatment of bac-
terial meningitis. The SD rat models with mem-
ory impairment induced by bacterial meningitis
were established. Morris water maze and passive
avoidance experiment showed that average swim-
ming time, swimming distance, average number
of errors and latency in experimental group were
lower than those in the control group. RT-PCR
results showed that expression level of NT-3 in
experimental group was significantly higher than
that in control group, indicating that increased
expression level of NT-3 successfully improved
memory function in experimental meningitis
rats. Bacterial meningitis can result in permanent
impairment of neurological function and usually
include hearing loss, cerebral palsy and cognitive
impairment, especially affecting learning and
memory'#16, Bacterial meningitis caused by S.
pneumoniae infection is one of the most serious
types of meningitis. In patients with meningitis,
neuronal injury is mainly located into cortical,
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Figure 5. Neuronal apoptosis cell in SD rats detected by
TUNEL method. It is found in the TUNEL staining results
of neuronal cells of the SD rats that the number of apop-
totic neuron cells [(1542.11£144.15) vs. (2745.46+155.25)] of
SD rats in experimental group is notably reduced compared
with that in control group (#=9.477, p=0.003).
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Figure 6. Detection of SD rat neuronal cell by Fluoro-Jade
B method. Through Fluoro-Jade B staining of the SD rats’
neuron cells, it is discovered in the results that the number of
degenerated neuron cells of SD rats in experimental group
is significantly smaller than that in control group (/=2.113,
p=0.022). The numbers of positive cells under the field of
vision at X400 magnifications are 19.2+1.1 vs. 34.24£2.3 in
experimental group vs. control group.

subcortical and hippocampal regions'. Bacterial
meningitis patients rarely have a cure for prima-
ry disease until the start of antibiotic treatment.
Therefore, the treatment of bacterial meningi-
tis-related secondary diseases is important to re-
duce the risk of bacterial meningitis'®. Delgado et
al” found that NT-3 could promote the survival
of neuron cells, induce the endothelial cells to
produce nitric oxide synthetase, thus promoting
the neural stem cells to generate nitric oxide and
maintaining the functions of the nervous system.
TUNEL and Fluoro-Jade B staining showed that
the numbers of apoptotic and degenerated neuron
cells of the rats in experimental group were low-
er than those in control group, indicating that the
increase in the NT-3 expression level is beneficial
to neuron cells. Roy et al*’reported that NT-3 can
protect injured neurons, stimulate the prolifera-
tion of neuron cells and restore the injured func-
tions of the neurons in the central nervous system
caused by diseases, which is consistent with the
findings in our study. Therefore, we suggest that
upregulation of NT-3 level can inhibit the degen-
eration and apoptosis of neuronal cells, thereby
protecting the neurological function of bacterial
meningitis in rats.

Conclusions

Animal models used in this study may not ful-
ly reflect the disease conditions in human body.
Therefore, clinical studies are needed to further
confirm the conclusion. Thus, NT-3 expression
level may be related to bacterial meningitis. NT-3
can reduce neuron cell apoptosis and degenera-
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Figure 7. Amplification results of NT-3 miRNA by RT-
PCR. It is revealed in the results of NT-3 mRNA amplifi-
cation of the SD rats via RT-PCR that the expression lev-
el of NT-3 mRNA of the SD rats in experimental group is
remarkably elevated [(0.61£0.02) vs. (0.31+0.01)] compared
with that in control group (#=3.241, p=0.007).

tion, promote regeneration of nerve cells and al-
leviate memory impairment to some extent. NT-3
may be regarded as a therapeutic target for the
treatment of memory impairment of patients with
bacterial meningitis in future.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) CHiBA N, Muravama SY, Morozumi M, NAkavama E,
OkaDA T, lwata S, Sunakawa K, Usukata K. Rapid de-
tection of eight causative pathogens for the diag-
nosis of bacterial meningitis by real-time PCR. J
Infect Chemother 2009; 15: 92-98.

2) Okcike 10, JoHNnsoN AP, HEnDErsoN KL, BLACKBURN RM,
MuLLer-Pesoby B, LAabHANI SN, ANTHONY M, Ninis N,
HeatH PT. Incidence, etiology, and outcome of
bacterial meningitis in infants aged <90 days in
the United kingdom and Republic of Ireland: pro-
spective, enhanced, national population-based
surveillance. Clin Infect Dis 2014; 59: e150-157.

3) Gumaker M, JoHansson B, GrinpBorg O, Bottal M,
Linoauist L, Sioun J. Adult bacterial meningitis:
earlier treatment and improved outcome following
guideline revision promoting prompt lumbar punc-
ture. Clin Infect Dis 2015; 60: 1162-1169.

4) Siva-VarGas V, DoetscH F. A new twist for neuro-
trophins: endothelial-derived NT-3 mediates adult
neural stem cell quiescence. Neuron 2014; 83:
507-509.

5) SaHenk Z, GaLowar G, Ciark KR, MALik V, Robi-
No-KLAPAC LR, KAspAR BK, CHEN L, BRAGANZA C, MONT-
Gomery C, Menpect JR. AAV1.NT-3 gene therapy for
charcot-marie-tooth neuropathy. Mol Ther 2014;
22: 511-521.



Effect of NT-3 on infection-induced memory impairment of neonatal rats

10)

11)

12)

OLuvier-LANVIN K, FiscHER |, Tom V, Hoult JD, Le-
may MA. Either brain-derived neurotrophic factor
or neurotrophin-3 only neurotrophin-producing
grafts promote locomotor recovery in untrained
spinalized cats. Neurorehabil Neural Repair 2015;
29: 90-100.

LiecHTt FD, StupLe N, THEURILLAT R, GRANDGIRARD D,
THormANN W/, Leis SL. The mood-stabilizer lithium
prevents hippocampal apoptosis and improves
spatial memory in experimental meningitis. PLoS
One 2014; 9: e113607.

DunsTaN SJ, TRam TT, THwAITEs GE, CHAU TT, PHu NH,
Hien TT, FArrRAR JJ, WoLsers M, Mai NT. LTA4H gen-
otype is associated with susceptibility to bacterial
meningitis but is not a critical determinant of out-
come. PLoS One 2015; 10: e01187809.

Liu DB, ZHanG HP, Yu K, Lu QB, ZHu ZF. A study
on correlations of procalcitonin and interleukin-6
with viral meningitis. Eur Rev Med Pharmacol Sci
2018; 22: 3474-3478.

GLIMAKER M, JOHANSSON B, HALLDORSDOTTIR H, W/ANECEK
M, ELmI-TERANDER A, GHATAN PH, LinpauisT L, BELLAND-
er BM. Neuro-intensive treatment targeting intra-
cranial hypertension improves outcome in severe
bacterial meningitis: an intervention-control study.
PL0S One 2014; 9: €91976.

GiuLierr S, CHAPuis-TAILLARD C, JaToN K, COMETTA A,
CHuarp C, Hual O, Du Pasauier R, BiLLE J, MEYLAN P,
MaNuer O, MarcHerni O. CSF lactate for accurate
diagnosis of community-acquired bacterial men-
ingitis. Eur J Clin Microbiol Infect Dis 2015; 34:
2049-2055.

Lee BE, CHAWLA R, LANGLEY JM, ForaGie SE, Ai-HosNi
M, BAerG K, HusaiN E, STRONG J, RosiNsoN JL, ALLEN
U, Law BJ, Dosson S, Davies HD. Paediatric In-
vestigators Collaborative Network on Infections
in Canada (PICNIC) study of aseptic meningitis.
BMC Infect Dis 2006; 6: 68.

13)

14)

15)

16)

17)

18)

19)

20)

Frel K, PiaNi D, PristTer HW, FONTANA A. ImMmune-me-
diated injury in bacterial meningitis. Int Rev Exp
Pathol 1993; 34 Pt B: 183-192.

TauBer SC, HARMS K, FALKENBURGER B, WEIs J, SELLHAUS
B, Nau R, ScHurz JB, ReicH A. Modulation of hip-
pocampal neuroplasticity by Fas/CD95 regulatory
protein 2 (Faim?2) in the course of bacterial menin-
gitis. J Neuropathol Exp Neurol 2014; 73: 2-13.

Motyneux EM, Kawaza K, PHRRI A, CHIMALIZENI Y,
MANKHAMBO L, ScHwALBE E, KAatAJA M, PensuLo P, CHit-
ToN L, Pectora H. Glycerol and acetaminophen as
adjuvant therapy did not affect the outcome of
bacterial meningitis in Malawian children. Pediatr
Infect Dis J 2014; 33: 214-216.

Ku LC, Boagaess KA, CoHen-WoLkowiez M. Bacterial
meningitis in infants. Clin Perinatol 2015; 42: 29-
45, vii-viii.

KARPPINEN M, PeLkoNEN T, RoINE I, Cruzeiro ML, PeLto-
LA H, PitkarRaNTA A. Hearing impairment after child-
hood bacterial meningitis dependent on etiology
in Luanda, Angola. Int J Pediatr Otorhinolaryngol
2015; 79: 1820-1826.

PAREAU J, CHEN A, BrouTiN H, GRrenrELL B, BAsta NE.
Seasonal dynamics of bacterial meningitis: a
time-series analysis. Lancet Glob Health 2016; 4:
e370-377.

Dercabo AC, FerroN SR, VicenTe D, PoriaN E, PEe-
REZ-VILLALBA A, TruiiLLo CM, D’OcoN P, FariNAs |. En-
dothelial NT-3 delivered by vasculature and CSF
promotes quiescence of subependymal neural
stem cells through nitric oxide induction. Neuron
2014; 83: 572-585.

Roy A, JANA M, Kunbu M, CoreetT GT, RANGASWAMY
SB, MisHrRA RK, Luan CH, GonzALez FJ, PaHAN K.
HMG-CoA reductase inhibitors bind to PPARal-
pha to upregulate neurotrophin expression in the
brain and improve memory in mice. Cell Metab
2015; 22: 253-265.



