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Abstract: To investigate how the UCH-L1 inhibitor LDN-57444 regulate hypoxic/ischemic injury in neonatal rats and
its mechanism. Methods: 60 SD rats were randomly divided into three groups, the sham group, HIBD model group
and intervention group, each group contained 20 cases. The three groups were further randomly divided into five
sub-groups: 0 h group, 24 h group, 48 h group, 96 h group and 7 d groups (each group n=4). HIBD rat model was
prepared by modified Rice method. HE (hematoxylin-eosin) staining was used to observe the pathological changes,
and western-blot observe the expression of UCH-L1 and NF-κB. With the expression of UCH-L1 was blocked by LDN57444, the pathological changes and the expression of UCH-L1 and NF-κB in the rat brain tissue were observed
further. Results: Pathological brain structure shown that the sham group had normal brain tissue, there was no
edema, necrosis and liquefaction; HIBD group and intervention group showed varying degrees of edema, necrosis
and liquefaction at different times after modeling, with the extension of modeling time, edema, liquefaction and
necrosis of brain tissue gradually increased. At the same time, the expression of protein UCH-L1 and NF-κB gradually increased in rat brain tissue (P<0.01). With the effect of UCH-L1 was blocked of intervention group, the degree
of edema, liquefaction and necrosis of brain tissue in rats significantly reduced, further observed NF-κB protein
expression levels in rat brain tissue, it also decreased significantly (P<0.01). Conclusion: High expression of UCH-L1
is closely related to hypoxic-ischemic brain damage in rats, the progress of hypoxic-ischemic brain damage of rats
can be slowed down when the UCH-L1 was blocked, and UCH-L1 regulated this progress may be by regulating the
expression level of NF-κB in the brain tissue.
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Introduction
Hypoxic-ischemic encephalopathy (HIE) is encephalic lesions caused by cerebral ischemia
and hypoxia, which can be induced by a variety
of reasons. The most commonly form of HIE is
the neonatal hypoxic ischemic encephalopathy,
There would be 1-3 newborns appear neonatal
hypoxic ischemic encephalopathy in per 1000
full-term newborns [1]. About 15-20% of the
fetus with HIE will die after birth, and about
25% of the rest surviving children will suffer
serious permanent neurological sequelae [2].
According to the estimation of World Health
Organization (WHO), 98% of neonatal deaths
occur in developing countries, and the neonatal
deaths caused by perinatal asphyxia and birth
injury accounts for about 29% [3].
Neonatal hypoxic ischemic encephalopathy is
encephalic lesions caused by lacking of oxygen

in the perinatal stage of neonatal, and its common pathogenesis is intrauterine fetal distress,
which can be caused by various of causes such
as umbilical cord around the neck, abnormality
in amniotic fluid and so on. It is also often found
in asphyxia in the process of delivery and post
birth, as well as (though rare) in brain damage
caused by other conditions [4-8]. Moreover,
recent studies have shown that, the abnormal
expressions of many proteins and signal transduction molecules are closely related to the
occurrence and development of neonatal hypoxic ischemic encephalopathy, such as S-100
protein, UCH-L1 (ubiquitin C-terminal hydrolase
L1), JNK signal pathway and NF KB signal pathway, etc. Among them, S-100 protein belongs to
Ca2+-binding protein family, including two family
members of S-100 and S-100. According to the
research of Shi et al. [9], the expression level of
S-100β in serum is closely related to the clinical
manifestations and severity of neonates with
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hypoxic ischemic encephalopathy; the research
of Li, et al. [10] showed that JNK /FOXO3a/Bim
signal pathway is closely related to brain cell
apoptosis, and that the activation of JNK signal
pathway is closely related to brain damage
induced by hypoxia and ischemia; and the
research of Kielland showed that NF- KB signal
pathway is also involved in the process [11].
Ubiquitin C-terminal hydrolase L1 (UCH-L1) is a
multi-functional protein highly expressed in
neurons throughout the brain [12]. It is one of
the most abundant proteins in the brain,
accounting for about 2% of total brain proteins.
The main function of UCH-L1 is to stabilize the
ubiquitin monomer [13] and inhibit its degradation [14]. It is highly specifically distributed in
the neurons which results in its specific expressional mode [14], and makes it an important
marker of the nervous system. Studies have
showed that UCH-L1 can closely interact with
the cytoskeletal proteins, and play important
roles in the axonal transportation and the maintenance of axonal integrity [16, 17]. The study
of Zaigham et al. [18] showed that the concentration of UCH-L1 in umbilical cord blood is
closely related to the development of neonatal
hypoxic ischemic encephalopathy. The study of
Douglas-Escobar et al. [19] showed that the
serumal concentration of UCH-L1 is closely
related to the severity of neonatal hypoxic ischemic encephalopathy. At present, the mechanism of neonatal hypoxic ischemic encephalopathy led by UCH-L1 has not been reported in
the literature. In this study, the model of rats
with hypoxic-ischemic brain damage (HIBD)
was constructed, the role of UCH-L1 in HIBD
was observed, and the related mechanism was
discussed. Results are reported as follows.
Materials and methods
Reagents
Hematoxylin-eosin (HE) staining kit was purchased from Beijing Biyuntian Biological
Reagent Co., Ltd.; UCH-L1 inhibitor LDN-57444
was purchased from MCE company in the
United States; Goat anti mouse antibody
against UCH-L1 and Goat anti mouse antibody
against NF-κB were purchased from Cell
Signaling Technology company in the United
States; Antibody against actin as internal control reference was purchased from Santa Cruz
company; Optimal cutting temperature com15562

pound (OCT) for brain tissue embedded was
purchased from American Sakura company;
Mounting reagents were purchased from
Zhongshanjinqiao Biotechnology Co., Ltd.; Protein concentration detection kit and CBA kit
were purchased from American Thermo company.
Rats with hypoxic-ischemic brain damage
(HIBD) model construction method
7-day old SD rats were purchased from Beijing
Weitong Lihua Experimental Animal Technology
Co. Ltd. Each rat was 18-20 g weight, with no
limitation of sex, and the total number of rats
was sixty. Sixty SD rats were randomly divided
into 3 groups (20 rats in each group), respectively for HIBD model group, sham operation
group and intervention group. The sham operation group and HIBD group were randomly divided into five subgroups (4 rats in each subgroup):
0 h, 24 h, 48 h, 96 h group and 7 d group,
respectively. HIBD rat model was constructed
according to the modified Rice method reported in the literature [20], the specific steps were:
firstly, SD rats were placed in a jar with ether,
the SD rats were taken out after completely
anaesthetized without limbs muscle tension;
the rat was supine placed on the operating
table, and its limbs and head were fixed; the
neck skin of SD rat was routinely iodophor sterilized, then the iodine was removed with 75%
alcohol; an incision with length about 0.5 cm
was made in the middle part of the neck of SD
rats; the sternocleidomastoid muscle on the
left side of the neck was found, the muscle was
separated down along the sternocleidomastoid
muscle, until the carotid triangle (be composed
of common carotid artery and its veins and
vagus nerve) was found; the left common carotid artery was separated with ophthalmic scissors; double ligaments were performed on the
left common carotid artery with NO. 5-0 surgical silk thread, then, the left common carotid
artery was cut off with ophthalmic scissors
between the two sides of the ligaments; the SD
rat skin of the neck was sutured, and iodophor
sterilized again; SD rats were returned to the
maternal side after operation and resumed for
2 h; the rats were hypoxic treated for 2 h subsequently (rats were placed in a sealed organic
glassic hypoxic cabin equipped with a water
bath incubator at the constant temperature of
37°C, 92% N2 and 8% O2 mixed humidified
gases were supplied into the sealed cabin at
Int J Clin Exp Med 2016;9(8):15561-15567

LDN-57444 effect the hypoxic/ischemic injury

Figure 1. Pathological conditions in rats’ brain tissue at different time points (10×40).

the speed of 2 L/min, observed the situation of
SD rats at any time). Operated ibid for the sham
operation group, the left common carotid artery
were isolated but not ligated and cut off, no
hypoxic treatment was performed after the rats
were sutured and resumed neither. In the intervention group, rats should be hypoxic ischemic
treated immediately after the effect of UCH-L1
was blocked with intravenous administration of
0.03 mg/kg of LDN-57444 inhibitor, the dose
of LDN-57444 was reported in the literature
[21].

steps if mounting was required post dehydration and transparency. The sections were dehydrated with 95% ethanol for 2 min; re-dehydrated with fresh 95% ethanol for 2 min; The sections were made transparent with xylene for 5
min; re-transparent with fresh xylene for 5 min.
The sections were mounted with neutral resin.
The nucleus was blue and the cytoplasm was
pink or red under the view of microscope.

HE staining of rats’ brain tissue

Method to obtain the brain protein: CaSki cells
were washed with ice-PBS twice, centrifuged at
400× g for 5 min; the supernatants were discharged, 100× proteinase inhibitors and 100 μl
CytoBuster protein extraction reagent were
added into the precipitation of the CaSki cells,
the mixture was placed at room temperature
for 15 min after mixing evenly; centrifuged at
12000× g for 15 min at 4°C; the supernatant
fractions were the total protein, parts of the
samples were taken for the detection of the
protein concentration, the remained parts were
packaged for 15 ml/tube, and stored at -80°C.
The concentration of the brain tissue proteins
were determined by CBA method. The specific
steps were: prepare the standard and working
solution according the instruction of the kit.

The rats brain tissue was obtained by OCT and
prepared into frozen section. The frozen sections were placed in distilled water for 2 min;
stained with hematoxylin staining solution for
5-10 min ( adjust the staining time according to
the staining results and requirements); the sections were rinsed with tap water for about 10
min to remove the excess staining fluid, then
washed again by distilled water (only for a few
seconds). The sections were placed in 95% ethanol for 5 S; stained with eosin staining solution for 30 s-2 min (adjust the time according to
the staining results and requirements). Washed
the sections with 70% ethanol for 2 times if
observe directly. Operated as the follow-up
15563

Western-blot method to detect the expression
of UCH-L1 and NF-κB in rats’ brain tissue
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sented the difference has statistical significance.
Results
Pathological conditions of the rats’ brain tissue at different time points

Figure 2. The expression of UCH-L1 in rats’ brain tissue at different time points.

200 uL/well of working solution was added into
each well of the 96-well plate, and then added
25 uL of standard solution or sample solution
to each well, set 3 duplicated wells for each
sample. The OD value at 562 nm wavelength
was measured after incubation for 30 min at
37°C. Standard curves were drawn according
the optical density value and the concentration
gradient of the standard product, the protein
concentration of the sample was calculated
according to the standard curve and the OD
value of the samples. The equivalent amount of
extracted brain tissue proteins were separated
by 8% SDS-PAGE separation gel and 5% concentrated gel, and then the product was transferred into the semi dry PVDF film, blocked the
film with TBST containing 5% BSA at room temperature for 1 h, then, added the first antibody
into the solution and incubated at 4°C overnight. Washed the film with 0.1% TBST for 3
times on the next day, each time for 5 min,
added the goat anti mouse second antibody
labeled with HRP to the film, and incubated at
room temperature for 1 h. Washed the film with
0.1% TBST, then, the bands were developed
with chemiluminescence substrate which was
sensitive to Supersignal West Femto HRP. Actin
was used as an internal control. All experiments
were repeated at least 3 times.
Statistical methods
SPSS15.0 software was applied in the statistical analysis, t test method was used for the
data comparison between two groups, ANOVA
method was used in the statistical analysis for
data comparison in multi groups. P<0.05 repre-
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No changes in the structures of rat brain tissues were found in the sham operation group
at 0 h, 24 h, 48 h, 96 h and 7 d (Figure 1, the
control group): the structures of the brain tissues were clear, cells were aligned, and no
brain cells degeneration were found. Meanwhile, as shown in Figure 1 of the model group,
the structures of the brain tissues were clear,
cells were aligned, no brain cells degeneration
were found at 0 h; the brain cells showed
degeneration and necrosis, the cellular gap
widened at 24 h; the brain cell degeneration
and necrosis were further aggravated, a large
number of nuclear pyknosis and nuclear fragments were found under the view of microscope at 48 h; large areas of cellular liquefaction necrosis in the brain tissue of rats were
found at 96 h, accompanied with a large number of cytolysis, the nuclear pyknosis and
nuclear fragments were further increased; the
cellular liquefaction necrosis in the brain tissue
of rats were more obvious at 7 d, the number of
cells were significantly reduced, the brain cells
had became unobservable in some parts of the
brain, and the cavity structures were found.
The expression of UCH-L1 in rats’ brain tissue
at different time points
As shown in Figure 2, the expression level of
UCH-L1 protein in the rat brain tissue was gradually increased (P<0.01) with the time duration
of the model construction.
Pathological conditions in rats’ brain tissue
after UCH-L1 was blocked
As shown in Figure 3, compared with the pathological conditions of rat brain tissue in the
model group at 7 days, the number of the
necrotic brain cells significantly reduced when
the UCH-L1 was blocked, and only a few brain
cells appeared degeneration and necrosis.
Slight nuclear pyknosis appeared in the brain
cell nuclei, but the brain nuclei were still visible,
and the intercellular gaps in the brain tissue
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Figure 3. Pathological conditions in rats’ brain tissue after UCH-L1 was blocked.

Figure 4. The expression of NF-κB in rats’ brain tissue at different time points.

were significantly reduced compared with
those in the model group at 7 days.
The expression of NF-κB in rats’ brain tissue at
different time points
As shown in Figure 4, the expression level of
NF-κB protein in rat brain tissue was gradually
increased (P<0.01) with the time duration of
the model.
The expression of NF-κB in rats’ brain tissue
after UCH-L1 was blocked
As shown in Figure 5, compared with that of
the model group at 7 days, the expression level
of NF-κB in rat brain tissue was significantly
decreased (P<0.01) when the UCH-L1 was
blocked.
Discussions
HIE is a fetal or neonatal brain injury, which is
caused by partial or complete hypoxia, cerebral
15565

blood flow reduction or suspension resulted
from a variety of perinatal asphyxia. The incidence of HIE in premature infants is significantly higher than in full term infants. Previous studies have indicated that hypoxia is the core of
HIE, wherein perinatal asphyxia is the main
pathogeny. At present, the mechanism of the
pathogenesis of neonatal hypoxic ischemic
encephalopathy is not clear. As previously
mentioned, the S-100 protein, UCH-L1, JNK/
FOXO3a/Bim signal pathway and NF-κB signal
pathway are closely associated with the brain
injury induced by hypoxia and ischemia. But the
relations between the UCH-L1 and the occurrence and development of the neonatal hypoxic
ischemic encephalopathy are less reported in
the literature, and the research on the related
mechanisms is especially limited. Therefore,
the rat HIBD model was constructed to observe
the effect of UCH-L1 in HIBD and discuss the
related mechanism, and the following results
were obtained.
In this study, the HIBD model was prepared by
the modified Rice method. The pathological
changes of rat brain tissue were observed by
HE staining. The expression of UCH-L1 in rat
brain was observed by Western-blot method,
and the role of UCH-L1 in the development of
HIBD was clearly defined. The cerebral histopathological observations showed that in the
sham operation group, the brain structure was
normal, and there was no edema, liquefaction
and necrosis; different degrees of edema, liquefaction and necrosis appeared in the HIBD
group at different time of modeling, suggesting
that the HIBD model was constructed successfully. The pathological structures of the brain
tissue in HIBD model group at different time
showed that, the degree of edema, liquefaction
and necrosis of brain tissue in SD rats aggraInt J Clin Exp Med 2016;9(8):15561-15567
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Figure 5. The expression of NF-κB in rats’
brain tissue after UCH-L1 was blocked.

vated gradually with the time duration of modeling. The expression of UCH-L1 protein in the
brain tissue of rats was further observed by
Western-blot method in this study, and the
results showed that with the time extension of
the model establishment, the expression of
UCH-L1 protein in brain tissue of rats increased
gradually (P<0.01). When the effect of UCH-L1
was blocked by LDN-57444, the inhibitor of
UCH-L1, the pathological changes of rat brain
showed that the degrees of edema, liquefaction and necrosis of rat brain were significantly
reduced. These results suggested that UCH-L1
was closely related to the occurrence and
development of HIBD in rats.

These results suggested that UCH-L1 may promote the occurrence and development of HIBD
in rats by regulating the expression of NF-κB
signal pathway.

NF-κB signal pathway plays important roles in
the complex cytokine network of inflammatory
response, thus NF-κB signal pathway is considered to be one of the most important regulators
in the inflammatory cascade reactions after
cerebral ischemia [22-24]. In order to further
study the mechanism of UCH-L1 in the occurrence and development of HIBD in rats, whether the occurrence and development of HIBD in
rats could be promoted by the expression of
NF-κB signal pathway regulated by UCH-L1 was
investigated in this study. The results showed
that the expression level of NF-κB protein
increased gradually (P<0.01) with the time of
model establishment, which was consistent
with the expression of UCH-L1 protein. These
results suggested that the NF-κB signal pathway was closely related to the occurrence and
development of HIBD in SD rats. The expression of NF-κB protein in rat brain tissue was further observed by blocking the role of UCH-L1
with UCH-L1 inhibitor LDN-57444, and the
results showed that the expression level of NFKB decreased significantly (P<0.01) in rat brain
tissue after the blockade of UCH-L1 effect.
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In summary, high expression of UCH-L1 is
closely related to hypoxic-ischemic brain damage in rats, the progress of hypoxic-ischemic
brain damage of rats can be slow down with the
effect of UCH-L1 was blocked, and UCH-L1 regulates this progress by regulating the expression level of NF-κB in the brain tissue probably.
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