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To examine the potential protective impact and underlying mechanism of nerve growth factor on brain tissue
in hyperbilirubinemia rats through the downregulation of Fas/Fas ligand expression. Thirty six healthy
Sprague-Dawley rats were selected as normal control group, and 0.5 ml saline was injected intraperitoneally.
The remaining 24 rats were injected intraperitoneally with 50 pg/g bilirubin to establish the model of
hyperbilirubinemia. After the model was established successfully, they were divided into hyperbilirubinemia
group and nerve growth factor intervention group. The rats in the nerve growth factor intervention group
were intraperitoneally injected with 50 pg/kg/d nerve growth factor once a day for 3 d. Rats in each group were
killed and their brain tissues were taken to wait for detection. The changes of pathological morphology and
the Fas and Fas ligand were compared between the normal control group at 72 h and the hyperbilirubinemia
group at 6 h, 24 h, 72 h and the nerve growth factor intervention group. In hyperbilirubinemia group and
nerve growth factor intervention group, the brain tissue of rats had different degrees of neurocyto edema.
After 6 h, the brain tissue of both groups had degeneration. After 24 h, the neuron necrosis was obvious. After
72 h, the brain tissue of both groups had glial cell proliferation, nuclear pyknosis and fragmentation. However,
the severity of brain tissue in nerve growth factor intervention group was less than that in hyperbilirubinemia
group, while that in normal control group was not obvious change. At 6 h, 24 h and 72 h, the Fas in the
hyperbilirubinemia group was raised than that of the normal control group; while this in the nerve growth
factor intervention group was reduced than that of hyperbilirubinemia. At 6 h, 24 h and 72 h, the Fas ligand
in hyperbilirubinemia group was raised than that of normal control group; and it in nerve growth factor
intervention group was reduced than that of hyperbilirubinemia group. The expression of Fas/Fas ligand
can be downregulated by nerve growth factor, thereby providing protection to the brain tissue of rats with

hyperbilirubinemia.
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The incidence of neonatal hyperbilirubinemia is
high, mainly manifested as jaundice, and even
complicated with bilirubin encephalopathy in
severe cases, which leads to irreversible brain
damage, neurological sequelae, and eventually
neonatal death!. Relevant surveys show that the
incidence of hyperbilirubinemia in full-term
newborns is 25/100 000. It has been reported that
high levels of free bilirubin can be deposited in
brain tissue after opening the Blood-Brain Barrier
(BBB). After the onset of hyperbilirubinemia in
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children, it can lead to metabolic disorders that
reduce brain energy and vitality, and form
abnormally active Na"-K*-ATPase, excitatory
tyrosine that continues to increase, and intracellular
overload. Calcium ions (Ca?) can cause
mitochondrial structure damage and nerve cell
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membrane dysfunction, which in turn leads to
brain cell edema and even apoptosis??!. Clinical
reports have shown that there are temporal changes
involved in the onset and progression of apoptotic
nerve and brain injury. Endogenous and exogenous
apoptotic pathways can lead to the production of
apoptotic cells. Fas Ligand (Fas-L) is a well-
studied pathway!*’!. Nerve Growth Factor (NGF)
has a small molecular weight and can play
important biological activities in the nervous
system/®l, It has been reported that NGF has the
function of protecting the damaged brain tissue of
the hand, and its mechanism of action is achieved
through its own anti-apoptotic effect!’”-¥]. Therefore,
by establishing a hyperbilirubinemia rat model,
this research was to exam the protective effect and
underlying mechanism of NGF in down-regulating
the Fas/Fas-L on the brain tissue of rats with
hyperbilirubinemia. 36 cases of clean-grade
healthy Sprague-Dawley (SD) rats were purchased
from Guangzhou Forbo Biotechnology Co., Ltd., 1
w old, body weight (16+2) g, production batch
number: SCXK (Guangdong) 2017-0018, all rats
were collected before the study 1 w line of adaptive
feeding. Crystal bilirubin was purchased from
Linyi Azeroth Biotechnology Co., Ltd.; NGF
preparation was purchased from Fuyinde
Technology (Wuhan) Co., Ltd.; rabbit anti-Fas and
Fas-L antibodies were purchased from Jiangxi
Jianglan Pure Biological Reagent Co., Ltd.; Strept
Avidin-Biotin Complex (SABC)
immunohistochemical kit was purchased from
Rhenium Bo (Shanghai) Biochemical Technology
Co., Ltd.; 3,3’-Diaminobenzidine (DAB)
chromogenic reagent was purchased from Beijing
Kairuiji Biotechnology Co., Ltd.; ether was
purchased from Boster Biotechnology Co., Ltd.;
aniline blue was purchased from Jinghuamaike
Biotechnology Co., Ltd.; 10 % paraformaldehyde
was  purchased from  Guangzhou Peiyu
Biotechnology Co., Ltd. products Co., Ltd. The
electronic analytical balance was purchased from
Beijing Xiangsheng Xingye Technology Co., Ltd.;
Ltd.; 450 nm Ultraviolet (UV) spectrophotometer
was purchased from Wuhan Heyan Biomedical
Technology Co., Ltd.; automatic tissue dehydrator
purchased from Beijing Delica Biotechnology Co.,
Ltd.; -20° ultra-low temperature refrigerator was
purchased from Shanghai Shiwei Experimental
Instrument Technology Co., Ltd.; paraffin
embedding machine was purchased from Dongguan
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Spectrum Experimental Equipment Technology
Co., Ltd. and Shenzhen Reward Life Technology
Co., Ltd.; electron microscope was purchased from
Fusen (Shanghai) International Trading Co., Ltd.;
electric heating constant temperature drying box
was purchased from Beijing Taize Jiaye Technology
Development Co., Ltd. and medical image analysis
system was purchased from Beijing Zhongshidi
Chuang Technology Development Co., Ltd. 12 SD
rats were randomly selected as the Normal Control
Group (NCG), and 0.5 ml of normal saline was
injected intraperitoneally, and the remaining 24
rats were intraperitoneally injected with 50 pg/g
bilirubin to establish hyperbilirubinemia rats
model, after successful modeling, were divided
into Hyperbilirubinemia Group (HYG) and NGF
intervention group (NIG). The rats in the HYG
were not given any treatment, and the rats in the
NIG were given 50 pg/kg of NGF/d. The rats in the
NCG, HYG, and NIG were all sacrificed at 6 h, 24
h, and 72 h, 4 rats each time. The cerebral tissue of
the rats in each experimental group was examined
for pathological and morphological alterations
using Hematoxylin and Eosin (H&E) staining at 6
h, 24 h, and 72 h. The Fas and Fas-L in the brain
tissue of rats in NCG, 6 h, 24 h, 72 h HYG and
NIG were detected by immunohistochemically
method at 72 h. The Statistical Package for the
Social Sciences (SPSS) 23.0 was employed to
conduct the analysis, specifically utilizing the
Chi-Square (y?) test for count data, and was used
for measurement data. The t-test was employed to
conduct a comparison between two distinct groups,
a statistically significant difference was observed,
as indicated by *p<0.05, compared with the NCG
and °p<0.05, compared with the HYG. Different
degrees of neuronal edema occurred in the HYG
and NIG. After 6 h, the brain tissues of both groups
were degenerated. After 24 h, neuronal necrosis
was obvious. After 72 h, glial tissue appeared in
the brain tissues of both groups. Cell proliferation,
nuclear pyknosis and fragmentation, but the
severity of brain tissue in the NIG was less severe
than that the HYG (fig. 1). At 6 h, 24 h and 72 h,
the Fas in the brain tissue in the HYG was raised
than the NCG; while it in the brain tissue in the
NIG was reduced in hyperbilirubinemia (Table 1
and fig. 2). At 6 h, 24 h and 72 h, the Fas-L in the
brain tissue in the HYG was raised than the NCG;
while it in the brain tissue of the rats in the NIG
was reduced than those in the HYG (Table 2 and
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fig. 3). Hyperbilirubinemia is caused by increased
bilirubin release and decreased bilirubin excretion,
so jaundice is a sign of many diseases®. Severe
bilirubin encephalopathy in the neonatal period
can lead to permanent damage to the nervous
system, heart and kidneys, and even death in
severe cases. A new method that can effectively
treat hyperbilirubinemia has become a hot research
topic in the current clinical professional field. The
biological activity of NGF is extremely important.
Among them, the most classic is glycoprotein,
whose expression level in normal brain tissue is
low, and the expression period cannot protect
damaged neurons for a long time!'”l. It has been
reported that after intraperitoneal injection of
radiolabeled NGF in SD rats, the NGF in rat brain
tissue was increased, revealing that NGF can pass
through the damaged BBB, and then enter the
brain tissue and ultimately play a protective role
in brain tissuel'!. Studies related to cerebral
hemorrhage have confirmed that NGF can
effectively protect the nervous system of rats with
cerebral hemorrhage!'. Fas plays a crucial
regulatory role in the development of nerve cells.
Some studies have analyzed the levels of Fas in
the serum of asphyxia neonates. The results show
that Fas may be involved in cell apoptosis.
Pathological process of brain injury after
asphyxial’®. Another study found that bilirubin
can trigger neuronal apoptosis by establishing a
model of hyperbilirubinemia, and its mechanism
of action may be achieved by inducing the Fas
system  to  activate = N-methyl-D-aspartate

24h
Fig. 1: Comparison of changes in brain tissue of rats
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receptors!!.  Another report found that the
detection of Fas and Fas-L in the serum of patients
with traumatic brain injury 1is crucial in
understanding the significant contribution of Fas/
Fas-L in secondary brain injury. The above
experimental results indicate that Fas/Fas-L can
lead to hyperbilirubinemia model cell apoptosis!!!.
Relevant foreign studies have shown that when
NGF in the neural culture medium is discarded, it
can be found that the apoptosis rate is as high as
50 %. Here, we collected 1 w old rats as the
research objects and injected 50 pg/g bilirubin into
the model group by intraperitoneal injection.
Nerve cells were edematous, but the severity of
brain tissue in the NGF intervention group was
less severe than that in the HYG. It is suggested
that NGF can alleviate the degree of brain tissue
damage in hyperbilirubinemia rats. Next, we
detected the Fas and Fas-L in the brain tissue. At 6
h, 24 h, and 72 h, the Fas and Fas-L in the brain
tissue in the HYG were raised than those in the
NCG:; the Fas and Fas-L in the brain tissue in the
NGF intervention group were reduced than the
hyperbilirubinemia. It is suggested that NGF can
reduce the Fas/Fas-L. In conclusion, NGF can
protect the brain tissue of hyperbilirubinemia rats,
and its mechanism of action is achieved by down-
regulating the expression of Fas/Fas-L. However,
whether NGF can be used for long-term high-dose
clinical treatment of patients with

hyperbilirubinemia and whether it has a certain
degree of adverse reactions remains to be further
explored.

Normal control

Hyperbilirubinemia

NGF intervention
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TABLE 1: FAS EXPRESSION LEVELS (xts)

Group n 6 h 24 h 72 h
NCG 12 162.90+3.76 162.90+3.76 162.90+3.76
HYG 12 172.53+2.872 169.47+3.122 174.18+2.542
NIG 12 165.97+2.42° 156.37+2.71° 164.48+2.72°
Note: 2p<0.05, compared with the HYC and p<0.05, compared with the NIG

Fig. 2: Fas expression levels, (A): Control group; (B): HYG (6 h); (C): HYG (24 h); (D): HYG (72 h); (E): NGF intervention group
(6 h); (F): NGF intervention group (24 h) and (G): NGF intervention group (72 h)

TABLE 2: COMPARISON OF FAS-L EXPRESSION LEVELS (xts)

Group n 6 h 24 h 72 h
NCG 12 158.53+3.21 158.53+3.21 158.53+3.21
HYG 12 176.02+2.922 166.27+ 2.832 170.23+0.182
NIG 12 166.90+2.21° 155.88+1.41° 165.48+2.98°
Note: 2p<0.05, compared with the HYC and p<0.05, compared with the NIG

Fig. 3: Fas-L expression levels in the brain tissue of rats, (A): Control group; (B): HYG (6 h); (C): HYG (24 h); (D): HYG (72 h);
(E): NGF intervention group (6 h); (F): NGF intervention group (24 h) and (G): NGF intervention group (72 h)
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