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Abstract

Increasing evidence has revealed that the activation of the INK pathway participates in apoptosis of
nerve cells and neurological function recovery after traumatic brain injury. However, which genes in
the JNK family are activated and their role in traumatic brain injury remain unclear. Therefore, in this
study, in situ end labeling, reverse transcription-PCR and neurological function assessment were
adopted to investigate the alteration of JNK1, JINK2 and JNK3 gene expression in cerebral injured
rats, and their role in cell apoptosis and neurological function restoration. Results showed that INK3
expression significantly decreased at 1 and 6 hours and 1 and 7 days post injury, but that INK1 and
JNK2 expression remained unchanged. In addition, the number of apoptotic nerve cells surrounding
the injured cerebral cortex gradually reduced over time post injury. The Neurological Severity
Scores gradually decreased over 1, 3, 5, 14 and 28 days post injury. These findings suggested that
JNK3 expression was downregulated at early stages of brain injury, which may be associated with
apoptosis of nerve cells. Downregulation of INK3 expression may promote the recovery of
neurological function following traumatic brain injury.
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Research Highlights

(1) The downregulation of JINK3 expression in the peripheral area of the injured cerebral cortex in
the early stages of traumatic brain injury may be associated with apoptosis of nerve cells. However,
JNK1 and JNK2 expression remained unchanged.

(2) Changes in INK3 expression in rats with traumatic brain injury correlated well with nerve cell
apoptosis and neurological function changes.

(3) More apoptotic nerve cells were found at early stages when compared with late stage traumatic
brain injury, which may be related to the induction of neural regeneration and repair and inhibition of
cell apoptosis.

(4) INK3 is involved in nerve cell apoptosis, neurological function recovery and neural regeneration.
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INTRODUCTION

Whether JNK is expressed in nerve cells after traumatic
brain injury remains unclear. Moreover, which subtypes in
the JNK family are involved in traumatic brain injury and
how their expression contributes to nerve cell apoptosis
and neurological function recovery remain unknown.

In this study, we focused on whether JNK3 expression
participates in nerve cell apoptosis and neurological
function recovery post traumatic brain injury. In addition,
we investigated the possible role of INK3 in nerve
regeneration, so as to provide a novel target for
traumatic brain injury therapy.

Due to cerebral cortex impairment post traumatic brain
injury, patients can suffer from symptoms including
headache, epilepsy, paralysis, behavioral and/or
cognitive dysfunction, and in severe cases, a persistent
vegetative state™. Nerve regeneration and nerve
structure reconstruction are topics of great interest in the
area of neuroscience research®®. The relationship
between activation of the INK/SAPK pathway and neural
injury, apoptosis and neurological function has gained
the interest of neuroscientists. JNK, also called
stress-activated protein kinase'®, is one of the critical
signal transduction pathways of mitogen-activated
protein kinases™. JNK can be activated by various
stressors, thereby activating the phosphorylated
serine/threonine protein kinase in the amino-activated
region of c-Jun, a kind of nuclear factor™®*?. The JNK
family is encoded by JNK1, JNK2 and JNK3 genes,
among which JNK1 and JNK2 are extensively expressed
in all kinds of tissues and cells, while JNK3 is mainly
expressed in the nervous system, heart and testis. The
JNK/stress-activated protein kinase signal pathway is
known to participate in various physiological
processes™, such as embryo development, cellular
necrosis, regulation of cellular proliferation and
apoptosis™ ¥,

Studies using animal models of brain injury and in vitro
cultures have shown that several signal pathways,
including apoptosis associated genes (survival, Bcl-2,
Bcl-xI and JNK), extracellular signal regulation
associated kinases and death promoter genes (Bax,
tumor-suppressor gene, p53 and caspase family) are
tightly associated with traumatic brain injury™*?°,
Among them, JNK is an important member of the ERK,
p38 and JNK signaling pathways, and plays a crucial
role in cellular apoptosis®. Park and colleagues®?
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revealed that activated JNK initiates cellular apoptosis
mainly through triggering the mitochondrial pathway. It
elevates the transcriptional activity of c-Jun by
phosphorylating locus-Ser-63 and ser-73 in the serine
residue of c-Jun, resulting in an increase of c-Jun
protein expression. The effect of INK in promoting the
expression of c-Jun could induce the upregulation of
FasL, which binds to corresponding cell membrane
receptors, ultimately leading to the activation of the
apoptotic pathway. However, the roles of JINK1, JNK2
and JNK3 in nerve cell apoptosis and neurological
function recovery remain poorly understood.

In this study, the modified Feeney method®®® was
adopted to establish the rat traumatic brain injury model
using the drop weight impact test. Reverse
transcription-PCR was employed to detect INK
expression and terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling
(TUNEL) was used to examine cellular apoptosis in the
injured peripheral area of the cerebral cortex.
Neurological function deficit score evaluation was
performed as described by Chen et al?” to assess
neurological function in traumatic brain injury rats.

The present study aimed to preliminarily investigate the
alteration of JNK expression in the peripheral area of the
injured cerebral cortex and explore the relationship
between JNK subtypes and nerve cell apoptosis as well
as the possible role of INK in nerve cell apoptosis and
neurological function recovery.

RESULTS

Quantitative analysis of experimental animals

A total of 100 rats were randomly assigned to
sham-surgery (n = 30) and traumatic brain injury (n = 70;
weight drop impact) groups. Ten rats from the
sham-surgery group and 10 rats from the traumatic brain
injury group at 1 and 6 hours and 1 and 7 days post
traumatic brain injury were subjected to reverse
transcription-PCR detection. Tissue surrounding the
injured cerebral cortex from sham-surgery rats and rats
from the 6 hour and 7 day groups were harvested and
subjected to TUNEL staining. Neurological Severe Score
evaluation was used to assess neurological function
changes in each rat from the sham-surgery group and
traumatic brain injury group.

All 100 rats were included in the final analysis. The flow
diagram of animal grouping is as follows:
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| Sham-surgery group (n = 10) | | Sham-surgery group (n = 10) | | Sham-surgery group (n = 10)

TBI 1 hour group (n = 10) TBI 6 hours group (n = 10) TBI group (n = 10)

TBI 6 hours group (n = 10) TBI 7 days group (n = 10)

TBI 1 day group (n = 10)

TBI: Traumatic brain injury; RT-PCR: reverse transcription-PCR;
TUNEL: terminal deoxynucleotidyl transferase-mediated

dUTP-biotin nick end labeling; NSS: Neurological Severity Score.
TBI 7 days group (n = 10)

JNK mRNA expression in the peripheral area of the Cell apoptosis in the peripheral area of the injured
injured cerebral cortex after traumatic brain injury cerebral cortex in traumatic brain injury rats
Reverse transcription-PCR at 1 and 6 hours and 1 and 7 TUNEL staining showed that the number of
days post injury revealed that all three INK molecules TUNEL-positive cells in the peripheral area of the injured
were detected. However, only levels of INK3 at 1 and cerebral cortex at 6 hours after injury significantly
6 hours and 1 and 7 days significantly decreased in the increased in the traumatic brain injury group compared
traumatic brain injury group when compared with the with the sham-surgery group (P < 0.05); while at 7 days
sham-surgery group (P < 0.05), while levels of JNK1 and post injury, the number of TUNEL-positive cells was
JNK2 remained unchanged between the traumatic brain markedly less at 6 hours in the traumatic brain injury
injury and sham-surgery groups (P > 0.05; Figure 1). group (P < 0.05; Figure 2).
Time after TBI Time after TBI
Sham-surgery group Sham-surgery group
1h 6h 1d 7d 1h 6h 1d 7d
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Time after TBI
Sham-surgery group
1h 6h 1d 7d
INK3 _ 336 bp Figure 1 Reverse transcription-PCR results of JNK1,
JNK2, JNK3 expression in the peripheral area of the
B-actin m 227bp injured cerebral cortex after TBI in rats.
- 1.0 3p < 0.05, vs. sham-surgery group; °P < 0.05, vs. previous
g 08 T . time point group and 6 hours, 1 and 7 days groups. Data
2 é ’ b are expressed as mean = SD of 10 rats from each group
ge 06 T i_ f:_ ab (one-way analysis of variance and least significant
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7 02 expressed as the ratio of absorbance to the target
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group Time after TBI
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Figure 2 Cell apoptosis in the peripheral area of the
cerebral cortex in traumatic brain injury (TBI) rats (TUNEL
staining).

(A) Cell apoptosis of negative control (x 200); (B)
morphology of apoptotic cells in the sham-surgery group
(x 200); (C) cell apoptosis at 6 hours post injury (x 200);
(D) morphology of apoptotic cells at 7 days post injury: the
number of apoptotic cells was markedly reduced when
compared to 6 hours post injury; arrows in C and D show
brown positive apoptotic cells with thickening nuclei.

(E) Quantification of TUNEL-positive cells. Data represent
the change in cellular apoptosis index in all experimental
groups (apoptosis index = number of TUNEL-positive
cells/total number of cells). ®P < 0.05, vs. sham-surgery
group; °P < 0.05, vs. TBI 6 hours group. Data are
expressed as mean = SD of 10 rats from each group
(one-way analysis of variance and least significant
difference t-test). TUNEL: Terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling.

traumatic brain injury (Figure 3).

[ sham-surgery group

ab [ TBI group
ot L I ab
ab

Neurological Severity Scores
o
T
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Time after TBI (day)

Figure 3 Neurological Severity Scores at different time
points in TBI rats.

Data represent Neurological Severity Scores. Scores 13 to
18 indicate severe injury; 7 to 12, moderate injury; 1 to 6,
mild injury. In TBI groups, Neurological Severe Scores
gradually decreased over time, suggesting that after TBI,
neurological function recovered to some extent. P < 0.05,
vs. sham-surgery group; °P < 0.05, vs. previous time
points of TBI groups. Data are expressed as mean + SD of
10 rats from each group (one-way analysis of variance and
least significant difference t-test). TBI: Traumatic brain
injury; d: day.

DISCUSSION

Behavioral changes in traumatic brain injury rats
Neurological Severe Score in the sham-surgery group
slightly increased at 1 day post traumatic brain injury,
suggesting mild neurological function impairment.
Neurological Severe Scores in the traumatic brain injury
group were prominently higher than in the sham-surgery
group (P < 0.05), suggesting that there was serious
impairment in neurological function resulting from
traumatic brain injury. Comparison of 1, 3, 5, 7, 14, 28
days post traumatic brain injury showed that
Neurological Severe Scores had a tendency to reduce
over time post traumatic brain injury (P < 0.05), indicating
that little recovery existed from 1 to 28 days after
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In this study, three main results were obtained. Firstly,
JNK was expressed in nerve cells of rats after traumatic
brain injury. The JNK signaling pathway appeared to play
a crucial role in nerve cell apoptosis. Secondly, we found
that among the three members of the INK family, INK3
had the strongest relationship in traumatic brain injury.
Importantly, changes in INK3 expression correlated well
with nerve cell apoptosis and Neurological Severe
Scores after traumatic brain injury. Finally, our results
indicated that more apoptosis occurred in nerve cells at
early stages than advanced stages of traumatic brain
injury. This may attribute to the initiation of the repair
mechanism involving nerve regeneration at the
advanced stage of traumatic brain injury, ultimately
resulting in the inhibition of cellular apoptosis. Therefore,
we concluded that JNK3 participated in the regulation of
nerve cell apoptosis, neurological functional recovery
and nerve regeneration. We first reported that JINK3
participated in nerve cell apoptosis and neurological
function recovery.

Until recently, there has been some controversy about
whether JNK expression was initiated after nerve cell
injury. John et al ®found that JNK was activated
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following diffuse axonal injury, and Sugino et al *®

revealed that INK expression was upregulated in the
cerebral cortex in an animal model of ischemic cerebral
injury. However, Mori et al ?? did not find any alteration
in INK expression in the cerebral cortex after cerebral
injury by western blot analysis. Moreover, Otani et al ?®
found that JNK was not activated in the cerebral cortex
following cerebral injury. Given these controversies
exist, we investigated whether gene expression
upstream of JNK (initiated genes) changed in the
cerebral cortex region following traumatic brain injury
using an established traumatic brain injury rat model in
which moderate and severe cerebral injury could be
generated. Reverse transcription-PCR was employed
to detect alterations in INK expression in the peripheral
area of cerebral injury. Results showed that the level of
JNKS3 expression was significantly downregulated in
the surrounding area of the injured cortex at 1 and 6
hours and 1 and 7 days post traumatic brain injury,
while as JINK1 and JNK2 expression did not change
when compare to the sham-surgery group. Meanwhile,
the number of TUNEL-positive cells in the surrounding
area of the injured cerebral cortex began to markedly
increase at 6 hours post traumatic brain injury,
suggesting that when nerve cell apoptosis occurred in
the injured cerebral cortex, there existed some
changes in the regulation of gene expression upstream
of JINK (gene-start). However, gene-start upstream of
JNK did not represent JNK protein expression. Thus,
these changes may be associated with the interaction
of apoptosis inhibiting and promoting factors in vivo.
The above findings on JNK3 expression alterations
following traumatic brain injury will provide novel cues
to further research the roles of JNK3 in the apoptotic
signal pathway at the site of injury after traumatic brain
injury.

Whether JNK3 plays a crucial role in nerve cell
apoptosis remains unclear. To date, there are few
reports about the roles of INK1, JNK2 and JNK3 in
nerve cell apoptosis, especially their role in traumatic
brain injury. Choi and colleagues® found that
activated JNK3 participated in the apoptosis of
dopaminergic neurons in Parkinson’s disease.

Lee et al ® demonstrated that the activation of JINK3
could promote apoptosis of glial cells in spinal cord
injury. Some scholars®®3? found that JNK1 and JNK2
regulated regiospecific cellular apoptosis at early
stages of brain development. To determine the
circumstances of JNK1, JNK2 and JNK3 expression
following traumatic brain injury, injury of the zona
rolandica, produced by weight drop impact, and JNK1,

JNK2 and JNK3 expression in the area surrounding the
injured cerebral cortex at 1 and 6 hours and 1 and 7
days post traumatic brain injury was detected. Results
revealed that the level of INK3 gene expression was
significantly downregulated at early stages of traumatic
brain injury, while JINK1 and JNK2 expression
remained unchanged when compared with the sham
surgery group. A number of TUNEL-positive cells were
observed in the surrounding area of the injured
cerebral cortex at 6 hours and 7 days post traumatic
brain injury. Results indicated that the downregulation
of INK3 gene expression in the surrounding area of the
injured cerebral cortex at early stages of traumatic
brain injury may be involved in the apoptosis of nerve
cells. Cellular apoptosis is known to play a crucial role
in the pathophysiological progression of nerve cell
degeneration after cerebral injury. So far, there exists
variation in the time sequence of nerve cell apoptosis
and necrosis onset following traumatic brain injury.
Cervos-Navarro and Lafuente®¥ showed that loss of
nerve cells could be observed in the cerebral cortex
and hippocampal neurons at early stages (within 48
hours) of cerebral injury. Several hours to days after
cerebral injury, injured nerve cells appeared swollen. A
number of nerve cells appeared apoptotic and
atrophied over time (several days or several weeks
post cerebral injury). Results from our study revealed
that a large number of TUNEL-positive cells were
present in the surrounding area of the injured cerebral
cortex 6 hours after injury, indicating that cellular
apoptosis was already initiated at early stages of
traumatic brain injury, which was in accordance with
results of Pravdenkova’s study proposing nerve cell
apoptosis may be initiated at early stages of cerebral
injury®¥. The number of TUNEL-positive cells in the
surrounding area of the injured cerebral cortex at 6
hours was less than that at 7 days post injury, but there
existed many TUNEL-positive cells in this area. This
result supports the notion proposed by Feng et al **
that TUNEL-positive cells begin to emerge at 6 hours
post traumatic brain injury and last as long as 2 weeks.
These results further indicate that more apoptotic
nerve cells exist at early stages of advanced stage
cerebral injury, which may be associated with the
initiation of nerve regeneration and repair, and the
subsequent inhibition of cellular apoptosis.

JNK is closely associated with nerve regeneration, and
neurological function recovery following cerebral injury
is dependent on nerve regeneration. Nix et al %
proposed that the activated JNK pathway ameliorates
regenerative repair of injured neuritis. Results from our
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study revealed that the levels of INK3 gene expression
were downreguated at early stages of traumatic brain
injury, and that Neurological Severe Scores on days 1,
3, 5, 7, 14 and 28 post traumatic brain injury reduced
over time. This result is indicative that neurological
function gradually recovers in advanced stages of
traumatic brain injury and supports the discovery that
JNK expression is associated with neurological function
recovery after subarachnoid hemorrhage, as shown in
Sozen’s research®”. Therefore, down regulation of
JNK3 expression may participate in neurological
functional recovery post traumatic brain injury. However,
in this study the time points following traumatic brain
injury may not have been enough to detect gene
expression changes. In addition, we did not perform
fluorescent TUNEL in combination with gene
expression. Therefore, in future studies, the time
duration for the observation of INK expression post
traumatic brain injury should be prolonged. In addition,
the ultrastructure of nerve tissues should be monitored
to obtain further insights on the role of the JNK
signaling pathway.

MATERIALS AND METHODS

Design
A randomized, controlled animal study.

Time and setting

This experiment was performed at the Laboratory of
Neurobiology, West China School of Preclinical and
Forensic Medicine, Sichuan University, China from July
to September 2011.

Materials

Experimental animals

Atotal of 100 healthy male 6-month-old Sprague-Dawly
rats of specific pathogen-free grade, weighing 200-260 g,
were provided by the Animal Experimental Center of
Kunming Medical University (certificate No. SCXK (Dian)
2005-0008). Breeding conditions: Rats were bred in the
animal laboratory room with individually ventilated cages,
at 20-25°C at a humidity of 40—70%. Rats were kept in
12-hour day/night cycle, with an luminance of 150-300 Ix,
and noise index of 60 dB.

Breeding administration: PVC plastic cages were used to
breed the rats in clusters, with five rats bred in each cage.
Whole nutrition granulated freed was used to breed the
rats daily. Free access to food and water was allowed.
The cages and padding were changed weekly. Following
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adaption breeding for 2 weeks, rats underwent
experimentation.

Animal experiments and care were performed in
accordance with the Guidance Suggestions for the Care
and Use of Laboratory Animals, issued by the Ministry of
Science and Technology Department, Yunnan Province,
China®®®,

Methods

Establishment of traumatic brain injury models

The modified Feeney method®® was adopted to
establish the traumatic brain injury rat model using free
weight drop impact. The rats were anesthetized by
intraperitoneal injection of 3.6% (v/v) chloral hydrate

(1 mL/100 g) and fixed on an animal bench. Following
conventional sterilization, a “U” shaped incision, 5 mm
away from the bregma along with coronal plane of the
skull was made, and the scalp was turned open to the
caudal side. The periosteum was isolated, and the right
parietal bone was exposed. A skull pore 2.5 mm away
from the sagittal suture and 1.5 mm posterior to the
coronal suture was drilled and enlarged to a 5.0 mm x
5.0 mm bone window by removal of the skull to allow the
cerebral dura mater to be exposed. Subsequently, a
ferric cylinder weighing 50 g was freely dropped along
with a metal pole from a height of 40 cm to impact a clout
placed onto the motor cortex in the right parietal lobe.
The diameter of the contact face between the metal lobe
and surface of the cerebral cortex was 5.0 mm. This
impact resulted in traumatic injury of the right motor
cortex. After the operation, the rats were attentively cared,
and administered with 5 IU penicillin daily by
intraperitoneal injection so as to prevent infection. In the
sham-surgery group, rats only underwent skull cut and
removal, without impacting the brain.

Following anabiosis from the anesthesia, traumatic
brain injury rats were subjected to neurological function
evaluation using Neurological Severe Score. Rats with
scores > 6 were considered successful traumatic brain
injury models. Neurological Severe Score was
performed on days 1, 3, 5, 7, 14 and 28 post injury by
professional observers who were blind to the details of
animal grouping (blind method), referring to the
Neurological Severe Score Rating Scales reported by
Chen et al *!! (0: normal; 1-6: minor injury; 7-12:
moderate injury; 13—18: severe injury; 18: complete
loss of neurological function).

Standards of Neurological Severity Score (including five
items: A, B, C, D, E; full mark: 18):
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A: Raise the tail, about 1 m from the earth
(normal = 0, maximum = 3)
Four limbs extended, head deviated from the middle line less than 10
(0 score)
Forelimb crooked (1 score)
Hind limb crooked (1 score)
Head deviated from the middle line less than 10° within 30 seconds
(1 score)
B. Motor function
(normal = 0, maximum = 3)
Normal working (O score)
Did not walk along a straight line (1 score)
Rotated to the hemiplegic side (2 scores)
Fall down to the hemiplegic side and could not walk (3 scores)
C. Sensory function
Algesia and heat sensory (1 score)
Proprioception (2 scores)
D. Beam test
(normal = 0, maximum = 6)
Stand stably on the beam (0 score)
Hold on to one side of the beam (1 score)
One limb falling down from the beam (2 scores)
Two limbs falling down from the beam, or rotated on the beam, lasting
more than 60 seconds (3 scores)
Sustain on the beam for 40 seconds and fall down (4 scores)
Sustain on the beam for 20 seconds and fall down (5 scores)
Sustain on the beam for 10 seconds and fall down (6 scores)
E. Reflex activity
Corneal reflex (1 score)
Auricle reflex (1 score)
Startle reflex (1 score)
Dysmyotonia (1 score)

TUNEL of cellular apoptosis surrounding the injured
cerebral cortex in traumatic brain injury rats

Rats were anesthetized by intraperitoneal injection of
3.6% (v/v) chloral hydrate (1 mL/100 g). The surrounding
brain tissues of the injured cerebral cortex in all groups
were harvested and post-fixed. Cryosections of these
samples of brain tissues were obtained using a freezing
microtome (Leica Dmirb, Wetzlar, Germany). A total of
50 pL fresh Proteinase K 20 ug/mL (10 mmol/L Tris-HCI
147 pL +1 mg/mL Proteinase K 3 uL) was added to each
slice, followed by digestion at 37°C for 15 minutes and
washed in 0.01 mol/L PBS three times for 5 minutes
each. Following soaking in the 0.1% (v/v)
diethylpyrocarbonate, the slices were placed under room
temperature for 30 minutes, followed by three washes
with 0.01 mol/L PBS, each for 5 minutes. The remnant
fluid was removed from the slices. Solution 1 and
solution 2 (1:9) from the TUNEL-POD reagent kit (Roche
Company, Basel, Switzerland, N0.11684817910; solution
1: terminal deoxyribose transferase; solution 2: the
reaction fluid containing nucleotide mixed liquor, which
were incorporated on PE gloves for well distribution on
ice) was added on each slice. A negative control was
treated with solution 2 alone. Subsequently, the slices
were incubated with freshly prepared 3% (v/v)
H,0,-methanol at room temperature for 15 minutes,

followed by three washes with 0.01 mol/L PBS, each for
5 minutes. A total of 50 pL bovine serum albumin (5%
(v/v)) was added onto each slice and incubated at 37°C
for 30 minutes, followed by removal of the remnant fluid
without washing. A drop of POD transforming agent
(enzyme labeling fluorescein antibody, Roche Company,
No. 11684817910) was added onto each slice. The slices
were placed into a wet box and incubated at 37°C for 40
minutes, followed by three washes with 0.01 mol/L PBS,
each for 5 minutes. Diaminobenzidine coloration reagent
kit (Beijing Zhongshan Jingiao Biotechnology Company,
China, No. ZL1-9031) was used for coloration at room
temperature. Following observation under the light
microscope for 5-10 minutes, distilled water was used to
stop the coloration reaction. Slices were subjected to
flow water flush so as to clear the diaminobenzidine
granules adhered on the slices. Conventional
dehydration, transparency and mounting were performed.
The light microscope (Olympus, Tokyo, Japan) was used
to observe TUNEL results. In the positive control, Dnase
| was added onto slices and incubated at room
temperature for 10 minutes, followed by three washes
with 0.01 mol/L PBS, each for 5 minutes. Then the slices
were covered with a plastic cap and placed in the wet
box, and left at 37°C for 1 hour. Sections were then
placed at 4°C overnight (over 20 hours). The labeled
apoptotic nucleus exhibited dark staining with brown and
yellow color. The mean apoptotic index = number of
TUNEL-positive cells/number of total cell counted (200 x,
five slices randomly selected from each group and five
fields of view).

Reverse transcription-PCR of cerebral cortex tissue
surrounding the injury site in traumatic brain injury
rats

Primer Premier 5.0 software (Palo Alto, CA, USA) was
employed to design the sequences of the target genes
JNK1, JNK2 and JNK3. B-actin served as an internal
reference. The primers in reverse transcription-PCR
were synthesized by Takara Biotechnology Company
(Dalian, China).

The total RNA derived from the surrounding cerebral
cortex of the injured area in traumatic brain injury rats
was extracted by referring to the instructions of the
RevertAid™ First Strand cDNA Synthesis Kit
(Fermentas, Canada, K1621). RNA underwent reverse
transcription to generate 20 uL of cDNA template. The
PCR reaction system was set up according to the
conventional PCR method, which consisted of 2 x PCR
Master Mix (Fermentas, Canada, KO171) 12. 5 uL, PCR
water nuclease-free 10.5 L, upstream primer (Takara
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Biotechnology) 0.5 pL, downstream primer (Takara
Biotechnology) 0.5 pL, and brain tissue-sample 1 yL
(25 pL in total). The PCR was conducted using the
Gene Cycle™PCR (Biorad) under the following
conditions: degeneration at 94 °C for 5 minutes,
degeneration at  94°C for 30 seconds, reannealing for
30 seconds; elongation at 72°C for 30 seconds,

34 cycles in total, followed by total elongation at 72°C
for 10 minutes.

The sequences of primers, annealing temperature and
the length of the INK1, JNK2 and JNK3 PCR products
are shown as follows:

Primer sequence Annealing Product size
Gene . temperature
(5-3) 0) (bp)
B-actin Upstream: GTA AAG ACC 52.5 227

TCT ATG CCAACA
Downstream: GGA CTC ATC
GTACTC CTG CT
JNK1 Upstream: GAC CTAAGT 55.0 240
ACG CTG GCT AT
Downstream: CTAACT GCT
TGT CAG GGATC
JNK2  Upstream: ACG GAC AGC 54.0 337
CTG TAC CAAC
Downstream: TTC GGATTC
TGACGG AAAT
JNK3  Upstream: TGATGACTC 53.5 336
CGTATGTGG TG
Downstream: GGC TGG CTT
TAAGTT TATT GT

The PCR amplified products underwent agarose gel
electrophoresis in which the DNA marker DL2000
(TAKARA, No0.D513A) was used. The outcome of
agarose gel electrophoresis was observed under an
inverted fluorescence microscope (Leica Dmirb, Wetzlar,
Germany). The GelDoc-gel imaging formation analyzing
apparatus (Bio-Rad, CA, USA) was used for imaging.
Image J software (National Institutes of Health, USD)
was used to detect the scale of absorbance following
PCR. The ratio of the absorbance scales to B-actin was
used for statistical analysis.

Statistical analysis

Experimental data were expressed as mean + SD and
statistically analyzed using SPSS software (SPSS,
Chicago, IL, USA). One-way analysis of variance and
least significant difference t-test were performed. A level
of P < 0.05 was considered statistically significant.
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