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ABSTRACT. This study aims to investigate the expression of 
neurotrophin-4/5 (NT-4/5) in the pallium and hippocampus in juvenile 
rats with intraventricular injection of Streptococcus pneumoniae. We 
used 40 SPF SD rats (3 weeks old, regardless of gender) in this study. 
We drew 50 μL cerebrospinal fluid, and then, we injected 50 μL normal 
saline and S. pneumoniae suspension (108 CFU/mL) in the brain pool 
(normal control group and infection group, respectively). After 24 h, 
the cerebrospinal fluid was collected for bacterial culture and white 
blood cell count. The immunohistochemical staining was conducted at 
the day 1, 2, and 5, and the expression of NT-4/5 in rat brain tissue was 
observed. Compared with the normal control group, NT-4/5 expression 
in the pallium and hippocampus of rats in the 24-h infection group 
was significantly increased (both P < 0.05). NT-4/5 expression in the 
pallium and hippocampus in the 5-day infection group was significantly 
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lower than that in the 24-h infection group (P < 0.05), and they were 
significantly higher than the normal control group (P < 0.05). After 
intraventricular injection of S. pneumoniae, the expression of NT-4/5 in 
the pallium and hippocampus in juvenile rats was increased, especially 
during early disease course.
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INTRODUCTION

Neurotrophin-4 (NT-4) is the fourth member of the nerve growth factor family (Ip et 
al., 1992; Fandl et al., 1994). NT-4/5 is the neuronal survival factor of the peripheral and central 
nervous systems, and its physiological role is very important (Hefti, 1997; Golz et al., 2006; 
Nikolaou et al., 2006; Chi and Powley, 2007; Chen et al., 2007; Chung et al., 2007; Engelhardt 
et al., 2007; Jabbar et al., 2007; Malamitsi-Puchner et al., 2007; Nakajima et al., 2007). Some 
experiments have confirmed that local injection of NT-4/5 regenerated the axonal quality of 
the injured nerve and the nerve function was significantly recovered (Yin et al., 2001). NT-4 
can protect neuronal degeneration and can be used to treat peripheral motor neuron injury 
(Hefti, 1997). Studies suggest that NT-4/5 is widely distributed in the central nervous system, 
but its content is lower than those of a majority of other factors. Moreover, there is no great dif-
ference in the NT-4/5 content in various encephalic regions. NT-4/5 has two types of specific 
receptors: low-affinity p75 receptor and high-affinity TrkB receptor (Thoenen, 1995). Among 
them, TrkB receptor is the specific signal transduction receptor of NT-4/5. NT-4/5 chiefly com-
bines with the high-affinity receptor TrkB on the cytomembrane surface to play a role via the 
signal transduction mechanism. Similarly, it also combines with the low-affinity receptor p75. 
p75 receptor can enhance the discernment of Trk receptor ligand and play an important role in 
the antidromic conduction of neurotrophic factors (Xie et al., 2000).

The mortality and neurological sequelae associated with bacterial meningitis, espe-
cially Streptococcus pneumoniae meningitis, are very high (Golz et al., 2006; Chen et al., 
2007; Engelhardt et al., 2007; Jabbar et al., 2007; Malamitsi-Puchner et al., 2007). The brain 
parenchymal damage due to bacterial meningitis will cause local sensorimotor disorders, epi-
lepsy, mental retardation, and developmental retardation, and the cranial nerve damage can 
lead to deafness, blindness, and facial paralysis (Yin et al., 2001). The protective role of NT-
4/5 in cerebral injury is increasingly highlighted, but there is no report on its expression and 
role in the inflammatory tissues, especially in case of bacterial meningitis. This study is to 
observe changes in the characteristics of NT-4/5 expression in the pallium and hippocampus 
of the S. pneumoniae-induced cerebral injury model by establishing the acute S. pneumoniae-
infectious cerebral injury model of 3-week-old rats by using immunohistochemical methods 
to investigate its neuroprotective effect.

MATERIAL AND METHODS

Streptococcus pneumoniae suspension preparation

Recovered type III S. pneumoniae strains were inoculated onto blood agar culture me-
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dium, incubated overnight in the environment of 5% CO2 at 37°C, transferred to VITAL AER 
broth, and incubated in the environment of 5% CO2 at 37°C until logarithmic growth medium 
phase, centrifuged, and washed with normal saline twice. After the supernatant was removed, 
the remaining was diluted with normal saline to 108 cfu/mL.

Induction of meningitis

Experimental SPF-grade SD rats (3 weeks old, male or female) were provided by the 
Animal Research Institute of Kunming Medical University. Meningitis induction was performed 
according to the method provided by Diab et al. (1997). The rats were anesthetized with 0.15-0.3 
mL/100 g 10% chloral hydrate by intraperitoneal injection and fixed onto the stereotaxic appa-
ratus. Subsequently, cisternal puncture was conducted, and 50 µL cerebrospinal fluid was taken 
from each rat. According to different experimental purposes, S. pneumoniae suspension (108 cfu/
mL) and normal saline (50 μL) were injected. Subsequently, the rats were placed in cages at 23°C 
in a 12-h light/dark cycle, with free access to food and water. At 24 h after cisternal injection, 
50 µL cerebrospinal fluid was collected for bacterial culture and white blood cell count. Nerve 
function defect scoring was conducted for all experimental rats. Nerve function defect score was 
according to score criteria provided by Longa et al. (1989): 0 point, no obvious neurologic symp-
tom; 1 point, not fully extend left forepaw; 2 points, rotate to left; 3 points, topple and fall to 
left as walking; 4 points, unable to walk independently and level of consciousness dropping. 
Accumulated score over 1 represented nerve function defect. This study was carried out in strict 
accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals 
of the National Institutes of Health. The animal use protocol has been reviewed and approved by 
the Institutional Animal Care and Use Committee (IACUC) of the Liaocheng Hospital.

Animal grouping and intervention

A total of 40 SD rats (3 weeks old) were randomly divided into 4 groups. For the 
normal control group (N = 10), after 50 μL cerebrospinal fluid was taken out from the rat 
brain cistern, 50 μL normal saline was injected. For the 24-h infection model group (N = 10), 
after 50 μL cerebrospinal fluid was taken out from the rat brain cistern, 50 μL S. pneumoniae 
suspension (108 cfu/mL) was injected. After a natural disease course, the cerebrospinal fluid 
was collected for bacterial culture and white blood cell count at 24 h following injection, and 
the rats were killed, perfused, and sampled. For the 48-h infection model group (N = 10), 
after 50 μL cerebrospinal fluid was taken out from the rat brain cistern, 50 μL S. pneumoniae 
suspension (108 cfu/mL) was injected. After a natural disease course, the cerebrospinal fluid 
was taken for bacterial culture and white blood cell count at 24 h following injection. At 48 h 
following injection, the rats were killed, perfused, and sampled. For the 5 day-infection model 
group (N = 10), after 50 μL cerebrospinal fluid was taken out from the rat brain cistern, 50 
μL S. pneumoniae suspension (108 cfu/mL) was injected. After a natural disease course, the 
cerebrospinal fluid was taken for bacterial culture and white blood cell count at 24 h following 
injection. At 48 h following injection, the rats were killed, perfused, and sampled.

Perfusion and sampling

Live rats were anesthetized with 0.15-0.3 mL/100 g 10% chloral hydrate by intraperi-
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toneal injection and fixed onto the stereotaxic apparatus (abdomen up). Ribs were quickly cut 
open to allow exposure to heat. The left ventricular apex was intubated and the right auricula 
dextra was cut open, and 0.9% normal saline was dripped into the ventricular apex cannula 
until the outflow was basically colorless (the blood that flowed from the auricula dextra). Sub-
sequently, perfusion was conducted with 4% paraformaldehyde fixation fluid. At this time, the 
rats would be convulsed (4 limbs and tail trembled). Perfusion was conducted again for 40 min 
until the rat bodies were stiff. Brain tissues were stripped off, soaked in 4% paraformaldehyde, 
and fixed for 24 h at 4°C.

Immunohistochemistry

Brain tissues were conventionally dehydrated, soaked in paraffin wax, embedded, and 
sectioned, and brain slices containing the hippocampus and pallium were selected. A 5-µm 
thick slice was selected from 5 slices, adhered onto the lysine-pretreated slide, and dried. 
The rabbit hypersensitivity 2-step method was used to conduct immunohistochemical staining 
(Reference to kit instructions, Beijing Zhongshan Jinqiao Biological Technology Co., Ltd.). 
Rabbit anti-rat polyclonal NT-4/5 antibody (Millipore) was used at a working concentration 
of 1:500, and it was diluted in PBS at 4°C. The first antibody was replaced with PBS as the 
negative control. For immunohistochemical staining, brown granules in the cytoplasm and 
nucleus were considered to be NT-4/5-positive granules. In addition, 10 representative high-
magnification visual fields were selected in the corresponding areas of the pallium and hip-
pocampus from each slice. Image scanning analysis was conducted using a computer image 
analysis system to measure the percentage of positive area in each visual field. The mean value 
of 10 visual fields was determined for each slice and compared.

Statistical analysis

The SPSS11.5 statistical software was used for data processing and data are reported 
as means ± standard deviation; this was followed by randomized block variance analysis. The 
inspection level was set as α = 0.05, and P < 0.05 was considered to be a significant difference.

RESULTS

Rat nerve function defect score

After 24 h of infection, the rats presented obvious symptoms, including bad spirit, 
apastia, drowsiness, slow response, terrified nature, ataxia, and occasional hemiplegia. Severe 
cases presented non-rising body temperature or unobvious temperature increase and muzzi-
ness, accompanied with systemic hyperspasmia. In the 24-h infection group, 3 rats died, and 4 
and 3 rats died in 48-h and 5-day infection groups, respectively. After a natural disease course, 
the symptoms of survived rats were relieved. In the normal control group, no rats died. In 
the 24-h infection group, the rat nerve function defect score was 2.91 ± 0.55. After a natural 
disease course, the symptoms of the survived rats were relieved. In the 48-h infection group, 
the rat nerve function defect score was 2.87 ± 0.63, and the symptoms of survived rats were 
relieved after a natural disease course. Between these 2 groups, no significant difference was 
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noted. In the 5-day infection group, the rat nerve function defect score was 1.09 ± 0.54, which 
was significantly lower than that of the 24-h infection group (P < 0.05). In the normal control 
group, rats had no obvious symptoms at 24 h after 0.9% normal saline was injected into the 
rat brain cistern, and the rat nerve function defect score was zero. In the 24-h infection group, 
the white blood cell count of the cerebrospinal fluid was 3981.23 ± 640.52 x 106/L, which is 
significantly higher than 49.15 ± 7.5 x 106/L before infection (P < 0.05), and neutrophil granu-
locyte was predominant (0.75-0.90%). Before infection, no bacterium grew in cerebrospinal 
fluid culture. After infection, we observed the growth of S. pneumoniae cells.

Histopathology

The infected brain tissues presented congestion and edema, and the brain paren-
chyma showed petechial hemorrhage. Hematoxylin and eosin staining showed cavum sub-
arachnoidale, encephalocele, cerebral pia mater, exudation of neutrophil granulocytes and 
macrophages into the brain parenchyma, and fibrin exudation, as well as hemorrhagic necro-
sis foci (Figure 1A).

Figure 1. HE staining and NT-4/5 protein expression in brain tissue. A. Rat meninges HE staining of the meningitis 
model group at 24 h (100X). B. NT-4/5 protein expression in pallium of the control group (400X). C. NT-4/5 
protein expression in pallium of the 24-h infection group (200X). D. NT-4/5 protein expression in pallium of 
the 48-h infection group (400X). E. NT-4/5 protein expression in hippocampus of the control group (200X). F. 
NT-4/5 protein expression in hippocampus of the 24-h infection group (200X). G. NT-4/5 protein expression in 
hippocampus of the 48-h infection group (400X). H. NT-4/5 protein expression in pallium the 5-day infection group 
(400X). I. NT-4/5 protein expression in hippocampus of the 5-day infection (200X).
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NT-4/5 expression in rat pallium and hippocampus

Table 1 shows that when compared with the normal control group, NT-4/5 expression 
in the rat pallium of the 24-h infection group significantly increased (P < 0.05) (Figure 1B 
and C), without a significant difference between the 48-h and 24-h infection groups (P > 0.05) 
(Figure 1C and D). Compared with the normal control group, NT-4/5 expression in the rat 
hippocampus of the 24-h infection group significantly increased (P < 0.05) (Figure 1E and F), 
and there was no significant difference between the 48-h and 24-h infection groups (P > 0.05) 
(Figure 1F and G). Irrespective of the pallium or hippocampus, NT-4/5 expression in the 5-day 
infection group was lower than that in the 24-h infection group (P < 0.05) (Figure 1C, F, H, I), 
but both were significantly higher than that of the normal control group (P < 0.05) (Figure 1B, 
E, H, I). In the negative control group, no positively stained granule was observed.

Groups     Pallium     Hippocampus

Control group (N = 10)  0.0519 ± 0.01462  0.0587 ± 0.0056
24-h infection group (N = 7)      0.1039 ± 0.00831+#*      0.1049 ± 0.0109+#*
48-h infection group (N = 6) 0.1010 ± 0.0090+   0.1045 ± 0.0102+

5-day infection group (N = 10) 0.0811 ± 0.0076+   0.0813 ± 0.0071+

Data are reported as means ± SD. +P < 0.05 compared with the control group; #P < 0.05 compared with the 5-day 
infection group. *P > 0.05 compared with the 48-h infection group.

Table 1. NT-4/5 expressions in pallium and hippocampus with Streptococcus pneumonia meningitis.

DISCUSSION

This study showed that in a rat model with S. pneumoniae meningitis, NT-4/5 protein 
expression in both pallium and hippocampus increase at 24 h following inoculation of S. pneu-
moniae. This indicates that NT-4/5 has a certain role in the onset process of S. pneumoniae 
meningitis. NT-4/5 protein increase in S. pneumoniae meningitis is possibly related to the 
following factors. In bacterial meningitis, S. pneumoniae and the toxic substances released 
by it cause brain tissue hypoxia and ischemia. It is confirmed that the NT-4/5 levels in dif-
ferent neural cells increase with the elevation of ischemic damage (Diab et al., 1997). After 
cerebral hypoxia and ischemia, the subtoxic-concentration of glutamic acid, NMDA, and KA 
can induce NT-4/5 expression and resist the neurotoxicity of high-concentration glutamic acid 
(Longa et al., 1989). NT-4/5 can enhance the ability of cells to prevent calcium exudation. In 
the culture system supplemented with NT-4/5, neurons have a very strong resistance to the 
toxicity generated by the calcium ionophore A23187, suggesting that NT-4/5 can enhance 
the neuronal resistance to calcium-mediated damage (van de Beek et al., 2006) and prevent 
ischemic injury (Dery and Hasbun, 2007). It was also found that large-area cerebral infarction 
occurs in mice in which the NT-4/5 receptor gene was knocked out, indicating that NT-4/5 
can reduce the cerebral susceptibility to ischemic injury. In addition, NT-4/5 can promote the 
survival, growth, and differentiation of neurons, and protect the hippocampus and cortical 
neurons from excitatory toxins and metabolic injury (Moon et al., 2010).

Elevation in the expression of NT-4/5 is the body’s defense reaction to bacterial inva-
sion. During the course of S. pneumoniae meningitis, bacterial products stimulate neural cells 
and inflammatory cells to express cytokines and inflammatory factors. These inflammatory 
mediators play a role and influence each other to generate continuous inflammatory reac-
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tions after cerebrospinal fluid asepsis and to cause bacterial meningitis to generate chronic 
inflammation sequelae. Cell wall products released by bacteriolysis due to early application of 
antibiotics can aggravate the local inflammatory reactions and further injure the blood-brain 
barrier, and cause ischemia and hypoxia of the brain tissue at the corresponding sites, leading 
to the elevation of NT-4/5 levels (Diab et al., 1997). In addition, these inflammatory mediators 
can regulate the expression of the NT-4/5 protein and mRNA. IL-6 and LB4 can stimulate the 
upregulation of NT-4 mRNA in the pallium and granulocyte and the NT-4 protein in the pal-
lium (Ip et al., 1992; März et al., 1999). Therefore, an inflammatory stimulus could promote 
NT-4 generation through nerve cells and immune cells of the central nervous system in case of 
bacterial meningitis, and thus, NT-4/5 can protect extensively injured neurons.

This study confirms that NT-4/5 expression in the pallium and hippocampus are plen-
tiful in case of meningitis. In combination with the above-discussed promotion in NT-4/5 
expression and neuronal differentiation, survival research results suggest that NT-4/5 plays 
an important role in brain parenchyma neurogenesis in case of meningitis. On the other hand, 
pallium and hippocampus express higher levels of NT-4/5 for maintaining their state of pro-
liferation. This study confirms that NT-4/5 expression rises during the early disease course of 
meningitis and reduces with disease development, which further suggests that after meningi-
tis, endogenous NT-4/5 secretion is limited, and the self-repair and self-protective functions 
of the central nervous system are limited, and that it is still impossible to reverse the damage 
caused by meningitis.

Therefore, NT-4/5 expression increases in the brain tissues of young rats with S. pneu-
moniae meningitis, and it is more obvious during the early disease course. Early supplementa-
tion with exogenous NT-4/5 or stimulating endogenous NT-4/5 expression by using multiple 
routes can not only directly nourish injured neurons, but can also promote neuronal differen-
tiation and plasticity to protect nerve system. Our experimental results not only provide trial 
basis for clinically applying NT-4/5 gene to treat nervous system diseases, but also establish 
the scientific theory basis and experimental base for further expressing the NT-4/5 protein, for 
preparing monoclonal antibodies as well as for developing gene therapy for some diseases. 
New progresses are expected in the treatment of meningitis and other cerebral injuries, and 
these may help us overcome problems such as high mortality of nervous system-related dis-
eases and the high incidence rate of the sequelae caused by neuronal regeneration.
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