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Abstract

Purpose: To investigate the effects of abietic acid (AA) on traumatic brain injury (TBI) in a rat model,
and the underlying mechanisms of action.

Methods: Twenty male Sprague-Dawley (SD) rats were randomly divided into four groups of 5 animals
each: Sham, TBI, TBI + AA (14 mg/kg), and TBI + AA (28 mg/kg). Controlled cortical impact (CClI)
model was used to induce TBI in rats. Western blot was used to determine the protein levels of Claudin
3, Occludin, ZO-1, Bax, Bcl-2, cleaved-caspase3, p65 NF-kB, p-p65 NF-kB, ERK, p-ERK, JNK, p-INK,
p38 and p-p38, while the expressions of TNF-a, IL-6 and IL-18 were determined using the applicable
assay kits. Neurological deficit was assessed based on mNSS and brain water content.

Results: Treatment with AA significantly reduced TBI-induced blood-brain barrier (BBB) damage, as
well as apoptosis and neuroinflammation in a concentration-dependent manner (p < 0.001). The
neuroprotective effect of AA was associated with the inhibition of the MAPK signaling pathways and
subsequent suppression of NF-«B (p < 0.001).

Conclusion: Abietic acid serves as a potential novel candidate for the treatment of TBI, and its anti-
inflammatory and anti-apoptotic effects are related to the suppression of MAPK signaling pathways.
Therefore, abietic acid may serve as a novel candidate for the treatment of TBI in humans.
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INTRODUCTION both primary and secondary injuries. The primary
injury represents direct injury to the blood-brain
Traumatic brain injury presents various barrier (BBB), while secondary injury is used to

symptoms such as mild cognitive impairment,
coma and even death and about 60 million
individuals sustain TBI annually. It has been
identified as the leading cause of death and
disability, especially in adolescents. It comprises

describe neuronal loss and central nervous
system dysfunction [3]. Moreover, multiple
mechanisms play important roles in the

secondary injury.
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Mitogen-activated  protein  kinase  (MAPK)
cascades which contain extracellular signal-
regulated kinase (ERK), c¢-Jun N-terminal
kinases (JNK) and p38, have been reported to
promote neuronal damage in TBI via the
activation of down-stream pathways such as the
NF-kB pathway. It has been reported that the
inhibition of the MAPK pathway could effectively
ameliorate neuroinflammation and BBB damage
in TBI, and serve as a potential therapeutic target
of TBI. Abietic acid (AA) is abietane diterpene
which is isolated mainly from Pimenta racemosa
var. grissea. It has various pharmacological
effects on multiple diseases. It has been reported
that AA inhibits cancer cell growth through
suppressing the expression of proliferation of
oncogenic genes, such as VEGF, TGF-f and
NF-kB in breast cancer, and non-small-cell lung
cancer. Abietic acid also possess anti-
inflammatory and anti-oxidative properties which
it exhibits by suppressing the production of nitric
oxide (NO), and activating peroxisome
proliferator-activated receptor-y (PPARy) [9].
Abietic acid reduces LPS-induced osteoporosis
by suppressing the phosphorylation of MAPKS,
and the nuclear translocation of NF-kB [10].
Furthermore, it has been shown that AA can
protect against Cryptococcus neoformans-
induced fungal meningitis through the inhibition
of Mprl-mediated BBB crossing of Cn [11].
However, the effect of AA on TBI is still unknown.
Therefore, the purpose of this study was to
investigate the effects of abietic acid on traumatic
brain injury using a rat TBI model. These results
would provide a novel therapeutic strategy for
TBI and potential targets of AA.

EXPERIMENTAL
Animals

All animal experiments were approved by the
Ethics Committee of The Second People's
Hospital of Ledong County for the use of animals
(approval no. ZY-IRB-FOM-054), and conducted
in accordance with the National Institutes of
Health, Laboratory Animal Care and Use
Guidelines [12]. Twenty male Sprague-Dawley
(SD) rats were purchased from Charles River
Laboratories. The rats were randomly divided
into four groups of five animals per group. The
groups include: sham, TBI, TBI + AA (14 mg/kg),
and TBI + AA (28 mg/kg).

TBI model

Controlled cortical impact (CCI) model was used
to induce TBI in rats. Firstly, SD rats weighing
250 - 280 g were anesthetized with 1 %
pentobarbital sodium. The soft tissue of the head

was surgically operated upon to expose the skull,
and then a cranial window was created using a
pneumatic grinding drill. The parameters of
impact were set to the following conditions: 1 mm
in depth, 2 m/s in speed, 3 mm of impact tip
diameter and 85 milliseconds of impact time.
Finally, the rats skull were sutured and the rats
kept for further experiments.

Neurological deficit assessment

Traumatic Brain Injury in the rats was assessed
according to the mNSS score [13], and the water
content of their brains was evaluated by weighing
the wet weight of the brain and the dry weight
(120 °C, 24 h). Then the neurological deficit was
calculated according to Eq 1.

BW = ((Ww - Dw) x 100) / WW ............... 1)

where BW is the brain water content, Ww is the
wet weight and Dw is the dry weight.

Immunohistochemical staining

The rat brains were fixed in 4 %
paraformaldehyde, embedded using paraffin, and
cut for further staining. The hematoxylin-eosin
(H&E) staining kit (Boster, Wuhan, China) and in
situ cell death detection kit (Roche, Basel,
Switzerland) were utilized according to the
manufacturer’s guidelines.

Western blot assay

Brain tissues were lyzed with RIPA buffer
(Beyotime, Hangzhou, China), which contained
protease and phosphatase inhibitors. The BCA
Protein Assay kit (Beyotime, Hangzhou, China)
was used for assessing protein concentration.
Then the proteins were separated by SDS-
PAGE, and subsequently transferred to
polyvinylidene fluoride membranes. The proteins
were incubated with its primary antibodies
against claudin 3, occludin, ZO-1, cleaved
caspase3, p65 NF-Kb, p-p65 NF-Kb, ERK, p-
ERK, JNK, p-JNK, p38, p-p38, Bcl-2, and Bax
(Abcam, Cambridge, UK) and [-actin (internal
control, Santa Cruz, California, USA) for 12 h at
4 °C. Finally, the membranes were incubated
with the corresponding horseradish peroxidase
(HRP)-conjugated secondary antibodies
(Beyotime, Jiangsu, China). The blots were
analyzed using Molecular Imager ChemiDoc
XRS* System (Bio-Rad, Philadelphia, PA).

Statistical analysis

Data were analyzed using SPSS and presented
as mean * standard error of the mean (SEM).
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Statistical analyses among the different groups
were performed via one-way ANOVA test, and p
< 0.05 was considered statistically significant.

RESULTS

Abietic acid attenuated TBI-induced blood-
brain barrier damage

To evaluate the effects of AA on TBI, the
controlled cortical impact model of the rats was
used to induce the TBI. The assay of
hematoxylin-eosin (H&E) staining showed that
AA exhibited neuroprotective effects in CCI rats
at 14 and 28 mg/kg (Figure 1 A). Moreover,
Figures 1 B and C suggested that AA improved
neurological deficits and manifested ignificant
decrease in mMNSS score and brain water content
in a dose-dependent manner. As shown in
Figures 1 D and E, AA effectively increased the
expression of Claudin3, Occludin and ZO-1 in a
dose-dependent way, indicating that AA may
serve as a potential treatment for BBB damage in
TBI.
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Figure 1: Effect of abietic acid on TBI-induced BBB.
(A) H&E staining. (B) mNSS score. (C) Brain water
content. (D) Representative images of Western blot
results and, (E) optical density for the protein blot of
Claudin 3, Occludin and ZO-1. Data are expressed as
mean + SEM. ***P < 0.001 vs Sham, #p < 0.05, #p <
0.01, #¥p < 0.001 vs TBI

Abietic acid suppressed neuronal apoptosis
in TBI rats

Figure 2 A reveals the influence of AA on
neurons. The TBI caused an increase of TUNEL-
positive staining cells, which indicated an
apoptosis of the proliferated neurons. Compared
with the TBI group, AA attenuated neuronal
apoptosis in a dose-independent way. While TBI
consistently resulted in increased expression of

Bax and cleaved-caspase3, and decreased
protein levels of Bcl-2, these were reversed by
AA (Figure 2 B and C). These results revealed
that AA inhibited neuronal apoptosis in TBI rats.
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Figure 2: Effect of abietic acid on the levels of
apoptosis-relevant proteins in TBI rats. (A) TUNEL
assay results showing the influence of AA on neurons.
(B) Representative images of Western blot results and
optical density for the protein blot of Bax, Bcl-2 and
cleaved-caspase3 against B-actin. Data are expressed
as mean + SEM. **P < 0.001 vs Sham, #p < 0.001
vs TBI

Abietic acid inhibited neuroinflammation in
TBI rats

To determine the effect of AA on
neuroinflammation in TBI rats, the expressions of
inflammatory factors such as TNF-qa, IL-6 and IL-
18, and NF-kB were determined. As shown in
Figure 3 A and B, TBI induced the release of
TNF-a, IL-6 and IL-1B, and phosphorylation of
P65 NF-kB. Compared with the TBI group, AA
treatment protected the brain from the damage of
TBIl-induced inflammation. This was shown by
the inhibition of the levels of TNF-a, IL-6, IL-1j3,
and decreased phosphorylation of P65 NF-kB.
Therefore, AA treatment possessed anti-
inflammatory effect in TBI rats.
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Figure 3: Effect of abietic acid on NF-kB pathway in
TBI rats. (A) Expressions of TNF-a, IL-6 and IL-1pB. (B)
Representative images of Western blot results and
optical density values for the protein blot of p-P65 NF-
kB and P65 NF-kB. Data are expressed as mean *
SEM. ***P < 0.01 vs Sham, ## p < 0.001 vs TBI
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Abietic acid restrained MAPK pathway in TBI
rats

To confirm the effect of AA on MAPK pathway,
the protein expression of p-ERK, ERK, p-JNK,
JNK, P38 and p-P38 were assessed (Figure 4).
Traumatic brain injury leads to increased
phosphorylation of ERK, JNK and P38. However,
the increased phosphorylation of ERK, JNK and
P38 were significantly reversed by the treatment
of AA in a dose-dependent manner. These
results show that AA regulates the activation of
MAPK pathway in TBI rats.
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Figure 4: Effect of abietic acid on MAPK pathway in
TBI rats (A) Representative images of Western blot
results. (B) Optical density values for the protein blots
of p-ERK versus ERK, p-IJNK versus JNK and p- P38
versus P38. Data were expressed as mean + SEM.
***P < 0.01 vs Sham, ##p < 0.001 vs TBI

DISCUSSION

Traumatic brain injury is an injury caused by a
blow to the head, and it ranges from a simple
blow to a penetrating injury which serve as a
primary cause of morbidity and mortality
worldwide [3]. The secondary injury is the major
reason for neurological deficits [4]. Seeking novel
potential therapeutic strategies for TBI treatment
are focused on attenuating the secondary
injuries. In this study, the protective effect of
Abietic acid on TBI rats was determined. The
data revealed that TBI resulted in neurological
dysfunction accompanied by the up-regulation of
inflammatory factors via the MAPK/NF-kB axis.
Abietic acid also reversed the influence of TBI in
rats. To the best of our knowledge, this study is
the first evidence to indicate the neuroprotective
effect of Abietic acid on TBI through the
suppression of the MAPK pathway. The physical
injury destroys the neuronal structures and
neuronal network in the damaged area, resulting
in the release of cellular contents, including ions
and cytokine-altering cell statues [14]. Multiple
dysfunctions result from TBI secondary injuries,
such as neuroinflammation, oxidative stress,
metabolic dysfunction and even cell death.

Numerous studies have demonstrated that
neuronal fate is determined by various cell
signaling pathways, and the activation of MAPK
pathway is the arbiter of neuronal fate [4]. The
ERK, JNK and P38 MAPK pathways play key
roles in the MAPK pathway, and they contribute
to inflammation, oxidative stress and apoptosis in
TBI [15]. With cellular stress, the up-regulation of
p-ERK, p-JNK and p-P38 activates pro-caspase
family [16]. The MAPK-induced apoptosis
induces ERK, JNK and P38 [17]. The data
showed that Abietic acid restrained the MAPK-
mediated apoptosis by inhibiting the expressions
of Bax and cleaved-caspase3, thus increasing
the expression of Bcl-2 and suppressing
neuronal apoptosis in TBI rats. The activation of
MAPKSs also results in inflammation through the
enhancement of the expression of NF-kB, and it
has been reported that sustained activation of
MAPK leads to NF-kB-dependent inflammatory
stress response [18]. The nuclear translocation
of NF-kB contributes to the up-regulation of
inflammatory cytokines. In an osteolysis model,
abietic acid inhibited the nuclear translocation of
NF-kB and attenuated the phosphorylation of
IKKa/B [10]. These results indicate that abietic
acid affected the phosphorylation of p65 NF-kB,
and decreased the expressions of TNF-a, IL-6
and IL-1B in TBl in rats.

CONCLUSION

The findings of this study demonstrate the
neuroprotective effect of abietic acid against TBI
in rats. The data further indicate that abietic
acid’s anti-TBI activity occurs through the
inhibition of MAPK-dependent apoptosis and
inflammation. Therefore, abietic acid may serve
as a novel candidate for the treatment of TBI in
humans.
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