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Abstract

Purpose: To investigate the protective effect of Crataegus songarica extract (CSCE) against traumatic
brain injury (TBI) in rats, and the underlying mechanism of action.

Methods: A rat model of TBI was established via tracheal intubation procedure, and the rats were
treated with graded doses of CSCE. Neuronal survival was determined by Nissl staining, while neuronal
apoptosis was measured using TUNEL-staining. Neurological impairments were determined based on
neurological severity score (NSS).

Results: Treatment of TBI rats with CSCE enhanced neuronal survival and decreased TUNEL-positive
cell fraction in the brain cortex. The treatment prevented elevation of NSS and suppressed mRNA and
protein expression levels of IL-6 and TNF-a in brain cortex. Moreover, CSCE treatment prevented TBI-
mediated suppression of activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx),
and attenuated hydrogen peroxide (H202) levels in TBI rat brain cortex. Treatment of TBI rats with
CSCE down-regulated NF-kB expression, increased Nrf2 expression and up-regulated mRNA
expressions of heme oxygenase 1 (HO- 1) and quinine oxidoreductase 1 (NQO- 1).

Conclusion: These results suggest that CSCE prevents TBI-mediated reduction in neuronal survival
and inhibits brain cortical neuronal death in rats. It improves NSS and inhibits inflammatory response via
activation of Nrf2 pathway and targeting of NF- kB expression. Therefore, CSCE is a potential
therapeutic agent for TBI.
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INTRODUCTION

Traumatic brain injury (TBI) results from a blow
to the head or piercing of brain tissue with a
sharp-edged object, leading to impaired brain
function [1,2]. Globally, TBI is responsible for
millions of disabilities and billions of dollars in
medical bills annually [3]. The extent of damage

to nerves following TBI depends on whether
primary or secondary injury is involved [4].
Primary injury refers to immediate damage
following TBI, while secondary injury comprises
long-term injuries associated with oxidative
stress, inflammatory reactions and neuronal
apoptosis [2]. Oxidants and inflammatory factors
play central roles in brain damage due to
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secondary injury [5]. Therefore, anti-oxidant
strategies are believed to be of therapeutic
significance in management of neuronal damage
associated with TBI.

The NF-«kB pathway is crucial in many
inflammatory processes due to enhancement of
TNF production, and release of interferons and
interleukins during inflammation [6]. Inhibition of
oxidative stress is stimulated by Nrf2 [7]. Nuclear
factor erythroid 2-related factor 2 (Nrf2) is
maintained in the cytoplasm during stress-free
conditions and held with Kelch-like ECH-
associated protein 1 (KEAP-1) [7]. Stress factors
activate Nrf2 and promote expressions of cyto-
protection-related proteins such as heme
oxygenase-1 (HO-1) and quinine oxidoreductase
1 (NQO-1) [8]. Cytoprotective proteins induce
cellular resistance to stress initiated by oxidants
[8]. Knockdown of Nrf2 at the genetic level has
been found to promote severity of injury in mice
with TBI via oxidative stress mechanism [9].
Therefore, NF-kB deactivation and Nrf2 up-
regulation serve as attractive targets for
development of treatments for TBI.

Crataegus songarica berries have traditional
medical significance in the treatment of
congestive heart failure and arrhythmias, as well
as improvement of cardiac output in patients
with hypertension or pulmonary diseases [10].
Crataegus songatrica is also used medicinally as
a diuretic, antispasmodic and astringent [11].
The fruits of the plant are used for treating
constipation, and for preventing epilepsy,
hemorrhage, hypertension and asthma [11]. The
present study was aimed at investigating the
protective effect of Crataegus songarica extract
(CSCE) against TBI, and the underlying
mechanism of action.

EXPERIMENTAL

Animals

A total of sixty 7-week-old male Sprague-Dawley
rats weighing 210 - 225 g were purchased from
the Animal Centre of the Medical University,
Nanjing, China. The rats were kept under
standard conditions in an animal house at mean
temperature 23 + 2 °C and 60 % humidity in an
environment with a 12-h light/12-h dark cycle.
The rats were allowed free access to sterilized
water and laboratory chow, and were
acclimatized laboratory atmosphere for 1 week
prior to the experiment. The study received
approval from the Animal Care and Use
Committee, Shijiazhuang, University, China. The
animal experiments were conducted according

to guidelines issued by the National Institute of
Health, USA [12].

Establishment of TBI rat model

A stereotaxic frame was used for the
establishment of TBI rat model [12]. The rats
were anesthetized with chloral hydrate at a dose
of 400 mg/kg, and were put on the stereotaxic
frame (David Kopf Instruments). A bone flap was
removed by penetration of a portable drill into
the right parieto-temporal cortex of each rat. A
controlled impact was applied on the rat cortex
using a pneumatic cylinder at a fixed velocity of
4 m/sec and 1 mm depth. After the blow, the rat
scalp was sutured under sterilized conditions.
The rats were put back in cages and allowed to
recover. Sham-treated rats were given same
procedure except that no impact was applied on
the cortical tissues. Rats in the treatment groups
were given CSCE at doses of 1.5, 3, 6, and 9
mg/kg via intraperitoneal injection 2 h after TBI.

Nissl staining

The rats were anesthetized and sacrificed at 24
h following TBI, and subsequently perfused
using normal saline. The rat brain tissues were
excised fixed in 4 % paraformaldehyde at 4°C for
24 h, followed by paraffin embedding. Following
deparaffinization, thin slices (3-um) of the
tissues were put on slides coated with poly-L-
lysine for histopathological analysis. The
sections were subjected to Nissl staining as per
the manufacturer's instructions, and examined
under a light microscope (Nikon Corporation).

TUNEL staining and neurological impairment

Presence of apoptotic cells in the brain cortex of
rats was determined using an in situ cellular
death  detection kit (Catalog  number:
1168481710; Roche Diagnostics). After paraffin
embedding, 3-pm thin tissue sections were
deparaffinized, re-hydrated and subsequently
washed in distilled water. Then, the tissues were
digested with proteinase-K at room temperature
for 20 min, and washed and incubated in a
humidifying box for 1 h at 25 °C with TUNEL
mixture in the dark. Thereafter, the sections
were washed and stained with DAPI before
covering with  coverslips and sealing.
Fluorescence microscopy was used for
examination of the TUNEL-stained cells in five

different fields selected randomly. Cell
quantification was done using Integrated
Performance Primitives v9.0 software.
Neurological severity score (NSS) was

determined on a 10-point scale [12].
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Determination of levels of IL-6, SOD, GPx,
H202and TNF-a

The brain cortical tissues of rats were
homogenized and centrifuged for 20 min at
12,000 g. The supernatants were transferred to
96-well plates coated with anti-IL- 6, anti-SOD,
anti-GPx, anti-H202 and anti-TNF-a monoclonal
antibodies, and incubated for 95 min at 37°C.
This was followed by incubation with biotin-
labelled secondary antibodies against SOD, GPx
and H20: for 70 min at 37 °C. The supernatants
were then incubated with 3,3'5,5-
tetramethylybenzidine for 30 min at 37 °C, after
which optical density was read at 455 nm using
a microplate reader.

Western blot analysis

The brain cortical tissues of rats were lysed
using RIPA buffer, followed by protein extraction
using protein extraction kit (Beyotime). The
protein content of each lysate was estimated
using BCA assay kit (catalog number: P0012s;
Beyotime) in accordance with manufacturer's
instructions. Total protein samples (70-ug) were
loaded per lane and subjected to 10 % SDS-
polyacrylamide gel electrophoresis, followed by
transfer to PVDF membranes (EMD Millipore).
The membranes were blocked by incubation
with 5 % skimmed milk for 2.5 h at 25 °C.
Thereafter, the membranes were incubated
overnight at 4°C with primary antibodies against
Nrf2 (1:1,000), NFkB (1:1,000) and p-actin
(1:3,000). Thereafter, the membranes were
rinsed in TBS and Polysorbate20, after which
they were incubated for 1.5 h with secondary
antibodies at room temperature. Visualization of
protein bands was made using enhanced
chemiluminescence system (catalog number
PO018AS; Beyotime) connected to imaging
system (Bio- Rad Laboratories, Inc.).

Reverse transcription quantitative PCR (RT-
qPCR)

Total RNA was extracted from the rat cortical
tissues was using TRIzol reagent (Invitrogen).
The total RNA concentration was determined
with protein analyzer (Beckman Coulter, Inc.),
followed by reverse-transcription to circular DNA

Table 1: Primer sequences used in RT-PCR

using Prime Script RT- PCR kit (Takara Bio,
Inc.) as per the supplier's instructions. The
gPCR was performed using Eppendorf Real
Plex-4 instrument linked to real-time SYBR
Green (Bio- Rad Laboratories, Inc.). The
thermocycling sequence was: 93°C for 8 min,
and then 39 cycles of 93 °C for 12 sec, followed
by 58 °C for 90 sec. The relative mRNA
expression levels were quantified using the 2-
2ACq method. The primer sequences used are
indicated in Table 1.

Statistical analysis

Data are expressed as mean * standard error of
mean for three experiments. Statistical analysis
was done using GraphPad Pro 5.0 (GraphPad
Software, Inc.). Differences between two groups
were determined using Student's f-test, while
multiple group comparison was done with
analysis of variance (ANOVA), followed by
Dunnett's post hoc test. Differences were taken
as statistically significant at p < 0.05.

RESULTS

CSCE suppressed neurofunctional deficits
in the rat model of TBI

Nissl-positive  staining  was  significantly
decreased in rats following TBI, compared to
rats in sham group (p < 0.05; Figure 1 A).
However, treatment of TBI rats with CSCE led to
dose-dependent increases in neuronal survival,
as was evident in significantly higher count of
Nissl- positive stained cells. In TBI rats, there
was marked enhancement in the fraction of
TUNEL-positive cells, when compared to the
sham group (p < 0.05; Figure 1 B). However, the
CSCE treatment suppressed increase in
TUNEL-positive cell fraction in TBI rats, relative
to model TBI group.

CSCE suppressed NSS score and edema in
rat model of TBI

Rats in model TBI group showed significantly
elevated NSS, relative to rats in the sham group
(p < 0.05; Figure 2 A).

Gene Forward Reverse

HO- 1 5'- ATC GTG CTC GCATGAACACT-3' 5'- CCA ACA CTG CAT TTA CAT GGC- 3'

NQO1 5'- CAT TCT GAA AGG CTG GTT 5-CTAGCTTTGATC TGG TTG TCAG- 3
TGA- 3'

B- actin 5'- CCG TGA AAA GAT GAC CCA GA- 3' 5'- TAC GAC CAG AGG CATACAG-3
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Figure 1: Effect of CSCE on survival of neurons in
TBI rats. (A) Neuronal survival in TBI rats given CSCE
at doses of 1.5, 3, 6, and 9 mg/kg 2 h after TBI, and
then subjected to Nissl staining at 24 h of TBI. (B) Cell
death at 24 h of TBI, as determined with TUNEL-
staining of brain cortex. *P < 0.05; **p < 0.02 vs. sham

group

However, treatment of TBI rats with CSCE
significantly and dose-dependently attenuated
the TBIl-induced increase in NSS (p < 0.05). The
NSS was reduced to minimum at CSCE dose of
9 mg/kg. Traumatic brain injury (TBI) also
enhanced water accumulation in brain cortex of
rats, relative to sham group (Figure 2 B).
However, CSCE treatment prevented water
accumulation in the TBI rat brain tissues.
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Figure 2: Effect of CSCE on NSS and water
accumulation in brain cortex of TBI rats. (A)
Neurological severity scores at 24 h of TBI in rats
given CSCE at doses of 1.5, 3, 6, and 9 mg/kg 2 h
after TBI. (B) Water accumulation in brain cortex. *P <
0.05; **p < 0.02 vs. sham group

CSCE reversed TBIl-mediated inflammatory
response

The protein expression levels of IL- 6 and TNF-
a in rat brain cortex were markedly elevated by
TBI, relative to the sham group (Figure 3 A).
However, CSCE treatment suppressed TBI-
induced up-regulation in protein expression
levels of IL- 6 and TNF-a in the brain cortex, with
CSCE dose of 9 mg/kg resulting in maximum
suppressions in the levels of these parameters.
Up-regulation of IL-6 and TNF-a contents in rat
brain cortex by TBI were also confirmed using
RT-PCR assay (Figure 3B). The TBI-induced
increases in mMRNA expression levels of IL- 6
and TNF- a in rat brain cortex were dose-
dependently reduced by CSCE.
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Figure 3: Effect of CSCE on mRNA and protein
expressions of IL- 6 and TNF-a in TBI rats. (A) Protein
expression levels of IL-6 and TNF-a in rats given
CSCE at doses of 3, 6, and 9 mg/kg 2 h after TBI, as
assayed using western blotting. (B) Changes in
mRNA levels of IL- 6 and TNF-a mRNA in TBI rats
treated with CSCE, as determined using RT-PCR
assay. *P < 0.05; **p < 0.02 vs. sham group

CSCE reduced TBI-mediated oxidative stress

There were lower activities of SOD and GPx in
brain cortex of TBI rats than in brain cortex of
the sham group (Figure 4 A). However, CSCE
treatment at doses of 3, 6, and 9 mg/kg
significantly prevented TBI-mediated
suppression of SOD and GPx activities in the rat
brain cortex. In TBI rats, the brain cortex showed
significantly elevated content of H202 when
compared to brain cortex of the sham group (p <
0.05; Figure 4 B). However, the TBI-induced
elevation in H202 content in rat brain cortex was
inhibited by CSCE in a dose-based manner, with
a dose of 9 mg/kg resulting in the highest
reduction in H202 content in brain cortex.
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Figure 4: Effect of CSCE on oxidative stress in TBI
rats. (A) Brain cortex activities of SOD and GPx in TBI
rats given CSCE at doses of 3, 6, and 9 mg/kg 2 h
after TBI. (B) Effect of CSCE on H20:2 content in brain
cortex of TBI rats. *P < 0.05; **p < 0.02 vs. sham

group
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CSCE suppressed NF-kB expression in TBI
rats

The expression of NF-kB was markedly up-
regulated in the brain cortex of TBI rats, when
compared to sham group (Figure 5). However,
treatment of the TBI rats with CSCE suppressed
the cortical elevation of NF-kB expression in a
dose-based manner. The CSCE treatment
reduced NF-kB expression in brain cortex of the
TBI rats to a minimum level at a dose of 9
mg/kg.
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Figure 5: Effect of CSCE on NF-kB expression in TBI
rats. (A) Protein expression level of NF-kB in brain
cortex of TBI rats given CSCE at doses of 3, 6, and 9
mg/kg doses) 2 h after TBI, as determined with
western blotting. (B) Quantification of the NF-«kB
expression. *P < 0.05; **p < 0.02 vs. sham group

CSCE promoted Nrf2 expression in TBI rats

Traumatic brain injury (TBI) caused a slight
increase in Nrf2 expression in the brain cortex of
rats, relative to sham group (Figure 6). However,
CSCE treatment enhanced Nrf2 expression in
the brain cortex of rats. The mRNA levels of HO-
1 and NQO-1 were also slightly elevated in brain
cortex of the TBI rats. However, treatment with
CSCE significantly up-regulated the expressions
of HO-1 and NQO-1 in the brain cortex of TBI
rats.
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Figure 6: Effect of CSCE on Nrf2 expression in TBI
rats. (A) Expression levels of Nrf2 in brain cortex of
rats given CSCE at doses of 3, 6, and 9 mg/kg 2 h

after TBI, as assayed using western blotting. (B)
mRNA expression levels of HO-1 and NQO-1, as
determined using RT-PCR. *P < 0.05; **p < 0.02 vs.
sham group

DISCUSSION

Traumatic brain injury (TBI) is a serious health
issue that may result in permanent brain injury
as well as several neurological disorders [13].
Secondary brain injury is accompanied by
multiple processes such as activation of
inflammatory response and excessive release of
oxidative molecules [14,15]. Indeed, secondary
injury associated with TBI leads to neurological
disorders, disabilities and even death [14,15].
Non-availability of effective treatment strategies
for TBI is responsible for development of
secondary injury in most TBI patients. Thus,
there is need for novel anti-TBI strategies.

The present study investigated the protective
effect of Crataegus songarica extract (CSCE)
against TBI, and the underlying mechanism of
action. The results demonstrated that CSCE
treatment of TBI rats produced dose-based
neuronal survival. This was evident in increased
count of Nissl-positive cells. Moreover, TBI rats
showed higher fraction of TUNEL-positive cells
than cells in the sham group. However, CSCE
treatment prevented the TBI-induced increase in
TUNEL-positive cell fraction, relative to model
TBI group. Moreover, CSCE dose-dependently
suppressed TBIl-induced elevation in the NSS
score. Thus, CSCE prevented TBI-mediated
decrease in survival, and inhibited neuronal
death in brain cortex of TBI rats.

Inflammatory response, a prominent event in
TBI, is associated with activation of NF-kB [16].
Studies have shown that targeting the activation
of NF-kB has beneficial effect on injuries
induced by ischemia/reperfusion [16,17]. In the
present study, TBI markedly enhanced NF-kB
expression in the brain cortex of rats, when
compared to sham group. Treatment of TBI rats
with  CSCE prevented elevation of NF-kB
expression in the cortical tissues in a dose-
based manner. It has been reported that
hippocampal damage may be mitigated in
pneumococcal meningitis animal model by
therapeutic agents via targeting oxidative
response through activation of the Nrf2/HO-1
pathway [19]. In the present study, TBI caused a
slight increase in Nrf2 expression in the brain
cortex of rats, relative to sham group. However,
CSCE treatment dose-dependently promoted
Nrf2 expression in the brain cortex of rats. The
levels of mRNA corresponding to HO-1 and
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NQO-1 were also slightly elevated in brain
cortex of the rats following TBI.

However, treatment with CSCE significantly
reversed this trend by up-regulating the mRNA
and protein expressions of HO-1 and NQO-1 in
the brain cortex of TBI rats. Moreover, CSCE
treatment significantly reversed TBI-mediated
suppression of activities of SOD and GPx in the
rat brain cortex, at doses of 3, 6, and 9 mg/kg.
The TBI-induced elevation of H202 content in rat
brain cortex was inhibited by CSCE in dose-
based manner.

CONCLUSION

The findings of this study show that CSCE
prevents TBIl-mediated reduction in neuronal
survival and inhibits brain cortical neuronal death
in rats. It also improves NSS and inhibits
inflammatory response through activation of Nrf2
pathway and targeting of the expression of NF-
kB. Therefore, CSCE is a potential therapeutic
strategy for TBI.
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