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Abstract
Delayed ischemic neurologic deficit after subarachnoid hemorrhage results from loss of neural cells. Nerve growth factor and its receptor 
TrkA may promote regeneration of neural cells, but their expression after subarachnoid hemorrhage remains unclear. In the present study, 
a rat model of subarachnoid hemorrhage was established using two injections of autologous blood into the cistern magna. Immunohisto-
chemical staining suggested that the expression of nerve growth factor and TrkA in the cerebral cortex and brainstem increased at 6 hours, 
peaked at 12 hours and decreased 1 day after induction of subarachnoid hemorrhage, whereas the expression in the hippocampus increased 
at 6 hours, peaked on day 1, and decreased 3 days later. Compared with those for the rats in the sham and saline groups, neurobehavioral 
scores decreased significantly 12 hours and 3 days after subarachnoid hemorrhage (P < 0.05). These results suggest that the expression of 
nerve growth factor and its receptor TrkA is dynamically changed in the rat brain and may thus participate in neuronal survival and nerve 
regeneration after subarachnoid hemorrhage.

Key Words: nerve regeneration; subarachnoid hemorrhage; nerve growth factor; TrkA; intrinsic; dynamic expression; cortex; hippocampus; 
brainstem; acute phase; neural regeneration
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Introduction
Aneurysmal subarachnoid hemorrhage (SAH) is a com-
mon but severe disease. The incidence is 6–7 per 100,000 
persons every year, and the fatality rate determined in 
population-based studies is approximately 50% (van Gijn 
et al., 2007). Most patients die during the acute phase, and 
survivors generally experience delayed ischemic neuro-
logic deficit and have a low life quality. During the acute 
phase after SAH, neuronal loss is common and may be 
the key reason for the delayed ischemic neurologic deficit 
(Sehba et al., 2012). Hence, maintaining neuronal survival 
and improving nerve regeneration are good therapeutic 
strategies. 

Nerve growth factor (NGF) is a bioactive neurotroph-
ic factor in the central and peripheral nervous systems 
(Beglova et al., 1998). NGF plays important roles via in-
teractions with its functional receptor TrkA in neuronal 
protection, development, regeneration, axonal growth, 
and reconstruction of synapses (Li et al., 2015). Numer-
ous studies have indicated that NGF can protect damaged 
nerve cells, reduce nerve cell death, support the survival 
of neurons, and promote the recovery of neurological 
function in brain and spinal cord injuries (Davies, 1994; 
Auld et al., 2001; Chiaretti et al., 2008a, b, d), especially in 
traumatic brain injuries. This evidence suggests a potential 
role for NGF in protecting neurons and improving neu-
rogenesis after SAH. However, this role has not been well 
studied, and even the expression of NGF in brains with 
SAH remains unclear. Hence, we studied the temporal and 
regional variations of brain NGF and TrkA expression in 
an animal model of SAH, especially during the vitally im-
portant acute phase. Our results provide new understand-
ing of NGF in SAH and offer a theoretical basis for the 
therapeutic use of NGF in patients with SAH.

Materials and Methods
Animals
Healthy adult male Sprague-Dawley rats (n = 96; weight, 
280–300 g) were provided by the Experimental Animal Cen-
ter of Xi’an Jiaotong University, China (production license 
number: SCXK [Shaan] 08-018). The rats were housed two 
per cage, allowed free access to food and water, and main-
tained at 20–25°C in a humidity-controlled (50–60%) room 
under a 12-hour light/dark cycle for 1 week prior to exper-
imentation. This study was conducted in strict accordance 
with the recommendations in the Guide for the Care and Use 
of Laboratory Animals produced by the National Institutes of 
Health. The protocol was approved by the Biomedical Ethics 
Committee of Medical College of Xi’an Jiaotong University, 
China.

Rat models of SAH
The rats were randomly divided into the following four 
groups: normal (n = 6), sham (n = 30), saline (n = 30; rats 
received two saline injections), and SAH (n = 30; rats re-
ceived two autologous blood injections). The saline, sham, 

and SAH groups were then divided into five subgroups 
according to the time after operation when the rats were 
sacrificed, based in part on the results of our previous study 
(Zhang et al., 2015): 6 hours (n = 6), 12 hours (n = 6), 1 day (n 
= 6), 3 days (n = 6) and 5 days (n = 6).

A rat model of SAH was established using a method that 
involved two autologous blood injections into the cisterna 
magna. This procedure simulates the pathophysiological 
process in SAH, and, compared with other models, this 
model has good repeatability and stable results. Rats were 
anesthetized with 10% chloral hydrate injected intraper-
itoneally. A total of 0.3 mL of blood was collected from 
the tail. The cisterna magna was punctured with an 18-G 
trocar needle (Becton Dickinson Medical Devices, Jiang-
su, China) at a site 1 cm below the midpoint of the line 
between the two external auditory canals. Clear cerebro-
spinal fluid was detected but not withdrawn. Non-antico-
agulated autologous blood was slowly injected into the cis-
terna magna at 1 mL/min. The puncture point was pressed 
for 4–5 minutes following this aseptic injection. A head-
down position was maintained for at least 30 minutes after 
surgery. The procedure was performed again 48 hours 
after the initial blood injection to establish the “double au-
tologous blood injection” SAH model.

The normal control group did not undergo the operation. 
The sham group underwent the operation, but received no 
cisterna magna injection. The saline group underwent the 
same procedure as the SAH model group, but 0.3 mL of sa-
line (37°C) was injected into the cisterna magna, followed by 
a second saline injection of the same volume, rather than the 
autologous blood injections. 

Neurobehavioral assessment 
Neurobehavioral scores were assigned using Loeffler’s 
5-point scoring method (Miao et al., 2010; Table 1).  This 
assessment was performed twice: 12 hours and 3 days after 
the operation to induce SAH. 

Histopathological analysis and immunohistochemical 
assay
Rats were euthanized by intracardiac perfusion with saline 
and were then perfused intracardiacally with 4% parafor-
maldehyde. The brains were removed. The cortex, brainstem, 
and hippocampus were dissected, fixed in 4% paraformalde-
hyde for 24 hours, and then embedded in paraffin following 
routine methods. Slices (5 μm thick) were obtained with 
intermittent serial sectioning. Histopathological analysis 
was performed using routine hematoxylin and eosin stain-
ing procedures. Immunohistochemical staining was then 
conducted using the streptavidin-peroxidase technique. 
Briefly, after rehydration, endogenous peroxidase activity 
was blocked by incubating slices with 3% hydrogen peroxide 
for 10 minutes. Sections were then placed in 10 mM citrate 
buffer (pH 6.0), heated in a microwave oven at 95°C for 30 
minutes, cooled at room temperature for 20 minutes, and 
then rinsed in 0.1 M PBS (pH 7.2). Non-specific protein 
binding was blocked by incubation for 1 hour in 5% goat 
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serum in PBS at room temperature. The primary antibod-
ies were rabbit anti-rat NGF monoclonal antibody (1:200; 
Beijing Biosynthesis, Beijing, China) and rabbit anti-rat 
TrkA monoclonal antibody (1:300; Beijing Biosynthesis). 
The sections were incubated in primary antibody overnight 
at 4°C. A goat anti-rabbit biotin-labeled secondary antibody 
(Beijing Biosynthesis; ready to use type) was added dropwise 
and incubated for 10 minutes at room temperature. The 
slices were rinsed with PBS three times for 5 minutes each 
time. The secondary antibody incubation and rinse steps 
were repeated for the second biotin-labeled antibody (Beijing 
Biosynthesis; ready to use type). PBS (0.1 M) was used as a 
negative control. Images were collected with an image anal-
ysis and acquisition system (Leica-Q550CW, LEICA, Man-
heim, Germany). The system detected grayscale values, rang-
ing from 0 to 255. Higher grayscale values indicated lower 
expression of NGF and TrkA. The same exposure conditions 
were used to capture the images of all specimens, with a con-
sistent light source intensity and microscope aperture. Three 
rat brains from each group (except for the normal group) 
were selected for immunohistochemical staining. Each site 
of the brain was analyzed in two slices. Five fields were ran-
domly selected in every slice, and mean grayscale values were 
calculated. 

Statistical analysis
All data were analyzed using SPSS 15.0 software (SPSS, 
Chicago, IL, USA). Neurobehavioral scores and grayscale 
values of NGF and TrkA immunoreactivity are presented 
as the mean ± SD. All data followed a normal distribution. 
Comparisons among different groups were performed 
using one-way analysis of variance. The least significant 
difference test was used to compare the difference between 
two groups. P-values less than 0.05 were considered statisti-

cally significant. 

Results
General observations
All rats in the SAH and saline groups displayed transient 
intracranial hypertension symptoms, such as limb stiffness, 
neck rigidity, and muscle tremor, during the injections. 
Behaviors and time of awakening from the anesthesia var-
ied among the groups. The sham group showed normal 
behaviors at 4 hours after the operation. Rats in the saline 
group showed a reduction in proactive aggression and were 
drinking water, eating, or active 4–5 hours after the opera-
tion. Rats in the SAH group took longer than those in saline 
group (6–8 hours) to show these same behaviors. Addition-
ally, rats in the SAH group had severe conjunctival hyper-
emia and weight loss (lasting 3 days, 20 g lighter on average) 
and had a longer recovery time (3–5 days) than those in the 
saline group (1 day).

Neurobehavioral changes
Neurobehavioral scores were assessed at 12 hours and on 
the third day after autologous blood injections (Table 2). 
Compared with the normal, sham, and saline groups, the 
SAH group had a significantly lower neurobehavioral score 
(P < 0.05) 12 hours after the operation to induce the animal 
model of SAH. The SAH group score remained significantly 
lower (P < 0.05) than that of the other groups 3 days after 
the operation.

Gross observations of brain tissue
The basal cistern and cisterna magna were exposed during the 
removal of the brain. Rats in the 6-hour SAH group present-
ed with a wide range of subarachnoid hemorrhages and few 
blood clots. 12-hour, 1-day, 3-day, and 5-day SAH groups dis-
played significantly more blood clots and fewer hemorrhages 
than the 6-hour group. The 1-day SAH group had the biggest 
blood clots, with the other SAH groups showing smaller and 
faded clots. The normal, sham, and saline groups had no sub-
arachnoid hemorrhages or blood clots. 

Changes in hematoxylin and eosin staining under a light 
microscope
The neurons and glia of rats in the normal group were 
observed under a light microscope and found to have a 
normal distribution with distinct and complete structures. 
In the 6-hour SAH group, evidence of nerve fiber damage 
began to appear. In the 12-hour SAH group, the space sur-
rounding the vessels had widened and marked brain edema 
was evident (Figure 1). Nuclear condensation, fragmentation, 

Table 1 Loeffler’s 5-point scoring method

Assessment Score 5 Score 4 Score 3 Score 2 Score 1

Turn over Complete in 5 seconds Complete in 5 seconds Complete but not in 5 
seconds

Cannot complete the 
action

Cannot complete the 
action

Locomotor activity Yes Reduced Reduced Reduced No

Table 2 Neurobehavioral scores of all groups

Group

12 hours 3 days

n Score n Score 

Normal 6 4.83±0.41 6 5.00±0.00

Sham 24 4.54±0.66 12 4.92±0.29

Saline 24 4.50±0.66 12 4.83±0.39

SAH 24 3.71±0.75* 12 3.67±0.49*

Neurobehavioral scores are the mean ± SD. Higher scores indicate 
better neurofunction. Comparisons among groups were performed 
using one-way analysis of variance. Comparisons between two groups 
were performed using the least significant difference test. *P < 0.05, vs. 
the other three groups. SAH: Subarachnoid hemorrhage. 
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and cell disintegration were present in the 1-day, 3-day, and 
5-day SAH groups in addition to edema. By contrast, rat 
brains in the sham and saline groups showed few patholog-
ical changes. 

Alterations in NGF and TrkA immunoreactivity
In the normal, sham, and saline groups, immunostaining of 
NGF in the cerebral cortex, brainstem, and hippocampus 
was weak and stable. In all SAH rat groups, NGF was mainly 
expressed in the cytoplasm of both neurons and glia. The 
most apparent staining in the cerebral cortex and brainstem 
appeared 12 hours after SAH (Figure 2), and in the hippo-
campus on day 1 after SAH.

Expression of TrkA immunoreactivity was similar to that 
for NGF. Thus, in the normal, sham, and saline groups, TrkA 
immunostaining was weak and stable in the cerebral cortex, 
brainstem, and hippocampus. In the SAH group, TrkA im-
munoreactivity was observed in both neurons and glia. The 
most apparent staining varied in these subgroups depending 
on the brain region: cerebral cortex and brainstem, 12 hours; 
hippocampus, 1 day (Figure 3). 

Variations in intensity of NGF and TrkA immunoreactivity 
in the cerebral cortex, brainstem, and hippocampus among 
different groups
NGF
Temporal variation: The temporal variation in the intensi-
ty of NGF immunostaining was the same in the sham and 
saline groups (Figure 4). No significant differences were 
observed in expression for NGF immunostaining in the 
cortex, brainstem and hippocampus among normal, sham, 
and saline groups (P > 0.05). By contrast, in the SAH group, 
NGF expression began to increase 6 hours after SAH. The 
expression peaked at 12 hours, but NGF expression after 
the peak was still greater than that observed in normal, 
sham, and saline groups on day 5 (P < 0.05). Expression was 
significantly higher in the 12-hour SAH group than in the 
other SAH groups in the cerebral cortex and brainstem (P < 
0.05), whereas in the hippocampus, the highest value was in 
the 1-day subgroup (P < 0.05). 

Group variation: NGF expression was significantly higher 
in all the SAH subgroups than in the normal, sham, and sa-
line groups (P < 0.05).  

Regional variation: The highest expression for NGF im-
munoreactivity was found earlier in the cortex and brain-
stem than in the hippocampus in the SAH groups.

TrkA
Temporal variation: Similar to that for NGF, the temporal 
variation in the intensity of TrkA immunostaining was the 
same in the sham and saline groups (Figure 4). No sig-
nificant differences were observed in expression for TrkA 
immunoreactivity among normal, sham, and saline groups 
(P > 0.05). In SAH subgroups, the variation in TrkA expres-
sion was consistent with that for NGF, that is, increasing 6 
hours after SAH, reaching a peak, and then decreasing. TrkA 
expression was still higher compared with that of normal, 

sham, and saline groups on day 5 (P < 0.05). Multiple com-
parisons showed that expression for the 12-hour group was 
significantly higher than those for the other SAH groups in 
the cerebral cortex and brainstem (P < 0.05). However, the 
highest expression for the 1-day group was in the hippocam-
pus (P < 0.05).  

Group variation: TrkA expression was significantly higher 
in the SAH groups than in normal, sham, and saline groups 
at all time points (P < 0.05). 

Regional variation: The highest expression for TrkA im-
munoreactivity in the SAH groups was observed earlier in 
the cortex and brainstem than in the hippocampus. 

Discussion
Neuronal loss during the acute phase of SAH plays an im-
portant role. NGF is known for its functions in neuronal 
survival and growth effects during numerous nerve injuries 
(Zhao et al., 2015). In our study, NGF expression increased 
at 6 hours and peaked at 12 hours after SAH in the cerebral 
cortex and brainstem. We speculate that this increase in 
NGF, an intrinsic growth factor, during the early phase is 
helpful for reducing neuronal death and improving neu-
robehavior, which has been shown in other studies. For 
example, continuous injection of NGF into the ventricles 
of infants with severe traumatic brain injury reduces brain 
lesions and improves neurological function (Chiaretti et 
al., 2008c). Mashayekhi (2008) injected NGF antibody into 
the ventricles of rats and found increased neuronal death in 
the cortex and significant cognitive impairment. In another 
study, crush injury of the mental nerve was treated with 
NGF, and a reduction of neuronal apoptosis and apparent 
neurogenesis were observed (Savignat et al., 2007). Our 
study indicated that the peak expression of NGF immuno-
reactivity was later in the hippocampus (1 day after SAH) 
than in the cortex and brainstem. A plausible explanation 
is that hemorrhage causes blood clots to directly attach to 
or stimulate the cortex and brainstem, but not the hippo-
campus. On day 5, expression for NGF in the SAH group 
remained higher than those for normal, sham, and saline 
groups in all specimens. This result suggests that NGF may 
also play an important role in the recovery of neurological 
function, such as neurogenesis. 

NGF functions via its receptors: p75 with low-affinity and 
TrkA with high-affinity (Eibl et al., 2012). When the signal 
TrkA transduces is “positive” (such as maintaining neuronal 
survival and growth) (Liebl et al., 2001), p75 often presents 
a “negative” signal (such as apoptosis) (Zagrebelsky et al., 
2005). For instance, evidence indicates that TrkA participates 
in improving neuronal survival and synaptic reconstruction 
(Holtmaat et al., 1997). In the present study, we focused on 
TrkA, rather than on p75, and our results showed similar 
inverted U-shaped temporal variations for both TrkA and 
NGF expression. The significant overexpression of TrkA may 
reflect a demand for the relatively insufficient NGF, similar 
to what has been shown previously. During an intraven-
tricular injection of NGF in rats, effective TrkA messenger 
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RNA-expressing cells increase (Lapchak et al., 1993). Partic-
ularly during the acute phase, numerous injured neurons are 
competing for limited NGF. Most of them will not receive 
sufficient growth factors, so sequentially delayed neuronal 
death and delayed neurological deficit will occur. Therefore, 
timely administration of exogenous NGF may strengthen 
the protection and repair of damaged neurons and may be 
considered for treatment of patients with SAH to improve 
their prognosis. 

In this study, we established a rat model of SAH using 
the method that employs two autologous blood injections 
into the cisterna magna. General observations, pathological 
changes in hematoxylin and eosin stained specimens, and 
low neurobehavioral scores indicated that the model success-
fully reproduced changes similar to those observed during 
the acute phase of SAH, which is the baseline for evaluating 
the role of NGF and TrkA.

There are some limitations to this study. First, no direct ev-
idence indicated an effect of NGF on neurogenesis. Although 
we observed a significant difference in NGF immunohisto-
chemical staining, this does not fully reflect neurogenesis. 

Thus, in our future studies, we will use intraventricular in-
jection of NGF and compare neurogenesis in this group to 
that of a sham-injected group. Second, the mechanism for the 
effect on NGF and TrkA was not studied. Future research may 
focus on the mechanism underlying the NGF-TrkA signaling 
pathway. Phosphatidylinositol 3-kinase/Akt and mitogen ac-
tivated protein kinase have been reported to play important 
roles in the “positive” effects of NGF, but not in an animal 
model of SAH (Eibl et al., 2012). Additionally, an intriguing 
report indicated that NGF levels in the cerebrospinal fluid 
may be a predictor for severity and prognosis of traumatic 
brain injury (Chiaretti et al., 2008a). It is unknown whether 
this predictor may also be applied to SAH. Moreover, further 
study will be needed before it is determined whether NGF 
may be clinically useful in SAH. The safe dose, adverse effects, 
and route of administration may be obstacles. 

In conclusion, our findings suggest that the expression of 
NGF and TrkA showed obvious dynamic alterations in rat 
brain tissue after SAH. Thus, NGF may play an important 
role in maintaining neuronal survival and improving nerve 
regeneration.

Figure 1 Histological changes in the cerebral cortex, brainstem, and 
hippocampus in normal, sham, and 6-hour and 12-hour SAH groups 
(hematoxylin and eosin staining; 200× magnification; scale bars: 100 
µm). 
In the normal group, neural cells are distributed normally and show 
distinct and complete structures. No brain edema is observed. In the 
6-hour SAH group, the blue arrows indicate damaged nerve fibers. In 
the 12-hour group, the green arrows indicate that the space surround-
ing the vessels has widened. Edema and pyknosis are present in this 
area. SAH: Subarachnoid hemorrhage.

Figure 2 NGF immunoreactivity in the cerebral cortex, brainstem 
and hippocampus in normal and SAH groups (immunohistochemical 
staining observed under the light microscope at 200× magnification; 
scale bars: 50 µm). 
Yellow arrows indicate NGF-positive cells. The most apparent staining 
appeared 12 hours after SAH in the cerebral cortex and brainstem, and 
1 day after SAH in the hippocampus. NGF: Nerve growth factor; SAH: 
subarachnoid hemorrhage.
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Figure 4 Temporal variations in mean grayscale values of brain NGF 
and TrkA immunoreactivity in SAH rats. 
Changes in NGF (A–C) and its receptor TrkA (D–F) immunoreactiv-
ity in the cortex, hippocampus, and brainstem of all groups. Lower 
grayscale values indicate stronger immunoreactivity. Three rat brains 
from each group (except for normal group) were randomly selected 
for immunohistochemical staining. Each brain region was present in 
two slices. Five fields were randomly selected in every slice, and mean 
grayscale values were calculated. Grayscale values for NGF and TrkA 
immunoreactivity in each brain region were determined and presented 
as the mean ± SD (n = 6) in each subgroup at each time point. All data 
followed a normal distribution. One-way analysis of variance followed 
by the least significant difference test. †P < 0.05, *P < 0.01, vs. normal, 
sham, and saline groups. §P < 0.05, ‡P < 0.01, compared within SAH 
groups. NGF: Nerve growth factor; SAH: subarachnoid hemorrhage; h: 
hours; d: day(s). 

Figure 3 TrkA immunoreactivity in the cerebral cortex, brainstem 
and hippocampus in normal and SAH groups (immunohistochemical 
staining observed under the light microscope at 200× magnification; 
scale bars: 50 µm). 
The most apparent staining appeared 12 hours after SAH in the cerebral 
cortex and brainstem, and on day 1 in the hippocampus. The yellow 
arrows indicate TrkA-positive cells. TrkA: Nerve growth factor receptor; 
SAH: subarachnoid hemorrhage.
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