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ABSTRACT

الحاد  الرئة  تضرر  على  ليغوسترازين  تأثير  مدى  دراسة  الأهداف:  
والذي تم تحفيزه من خلال الإصابة الرضحية غير الحادة للصدر.

الطريقة:  أُجريت هذه الدراسة في مركز الحيوانات التابع لمستشفى 
إلى  2009م  الفترة من سبتمبر  ووهان وذلك خلال  رينمين، جامعة 
النوع سبراغو  الدراسة الجرذان الذكور من  2010م. شملت  سبتمبر 
مجموعة  وهي:  مجموعات   4 إلى  عشوائياً  قُسمت  والتي  دوللي 
الشاهد )سي، العدد: 60(، والمجموعة التي عولجت بليغوسترازين 
رضحية  بإصابة  أُصيبت  التي  والمجموعة   ،)60 العدد:  )سي+ل، 
أُصيبت  التي  والمجموعة   ،)60 العدد:  الصدر )تي،  في  غير حادة 
بليغوسترازين  علاجها  وتم  الصدر  في  حادة  غير  رضحية  بإصابة 
)تي+ل، العدد: 60(. لقد قمنا بتحفيز الكدمة الرئوية، كما حقنا 
المجموعة تي+ل داخل الصفاق بليغوسترازين. وقمنا بتقييم تضرر 
الموت  بتقييم  قمنا  كما  الرئة،  أنسجة  تحليل  خلال  من  الحاد  الرئة 
الخلوي للأنسجة. وقمنا أيضاً بتقدير الوذمة الرئوية من خلال صبغة 
إيفانز الزرقاء، واستخدام النسب الرطبة والجافة لأنسجة الرئة. وبعد 
ذلك قمنا بقياس كاسبيس- 3، وبي سي إل- 2، وباكس في الرئة، 

بالإضافة إلى عامل تنخر الأورام في بلازما الدم.

النتائج:  أشارت نتائج الدراسة إلى أن العلاج بليغوسترازين قد قام 
حادة  الغير  الرضحية  الإصابة  عن  الناتج  الرئة  تضرر  مدى  بإضعاف 
الرئوية  والوذمة  الموت الخلوي،  إلى تقليص مؤشر  بالإضافة  للصدر، 
)p=0.04(. كما قلت مستويات عامل تنخر الأورام في بلازما الدم 
العلاج  بعد  المصابة  الرئة  في  الإحصائية  الناحية  من  واضح  بشكل 
بتقليل  أيضاً  ليغوسترازين  قام  وقد   .)p=0.03( بليغوسترازين 
2/باكس  إل-  سي  بي  مستويات  وزيادة   ،3 كاسبيس-  مستويات 

.)p<0.03(

الرئة  في حماية  ليغوسترازين  فعالية  الدراسة  هذه  أظهرت  خاتمة:  
في  دوره  إلى  ذلك  يعود  وقد  الرضحية،  الصدمة  أثر  من  المتضررة 
تقليص الموت الخلوي من خلال زيادة نسبة مستويات بي سي إل- 

2/باكس، وتقليل نشاط كاسبيس- 3.

Objectives: To investigate the effects of ligustrazine on 
acute lung injury induced by blunt chest trauma. 

Methods: This study was performed in the Animal Center 
of Renmin Hospital of Wuhan University, Wuhan, China 

between September 2009 and September 2010. Male 
Sprague-Dawley rats were randomly allocated into 4 
groups: sham control group (group C, n=60), ligustrazine 
treatment group (group C+L, n=60), blunt chest trauma 
model group (group T, n=60), and the trauma plus 
ligustrazine treatment group (group T+L, n=60). The 
lung contusion was induced as previously described. 
Animals of the T+L group were intraperitoneally injected 
with ligustrazine. Acute lung injury was evaluated 
by histopathology of the lung, and apoptosis was 
determined by terminal dUTP nick-labeling. Pulmonary 
edema was estimated using Evans blue dye extravasation 
and wet/dry ratios of lung tissue. The expression of 
caspase-3, Bcl-2, and Bax in the lung, as well as blood 
plasma tumor necrosis factor (TNF)-α were also measured.     
     
Results: The ligustrazine treatment significantly 
attenuated lung injury induced by blunt chest trauma, 
as shown by decreased apoptosis index, and pulmonary 
edema (p=0.04). The blood plasma TNF-α level after 
blunt chest trauma significantly deceased after the 
administration of ligustrazine (p=0.03). In addition, 
the ligustrazine treatment significantly alleviated the 
expression of caspase-3 (p=0.03), and increased the ratio 
of Bcl-2 to Bax (p<0.03).     

Conclusion: Ligustrazine effectively protects lung injury 
induced by blunt chest trauma, and the protective effects 
seem to be mediated by attenuation of cell apoptosis via 
an increased ratio of Bcl-2/Bax and decreased caspase-3 
activity.  
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Severe blunt chest trauma remains an important injury 
with high morbidity and mortality, and accounts 

for nearly one-third of all hospital admissions of acute 
trauma.1,2 Lung contusion induced by severe blunt chest 
trauma is frequently associated with pneumonia, and is 
also an independent risk factor for the development of 
acute lung injury (ALI) and acute respiratory distress 
syndrome (ARDS).3,4 The clinical syndromes of ALI/
ARDS reflect severe inflammatory lung injury, and have 
a high mortality and morbidity despite sophisticated 
respiratory support and intensive care.1-4 Therefore, it is 
important to investigate the mechanism of ALI induced 
by blunt chest trauma, and how to protect against ALI. 
As an energy-driven process in response to extracellular 
signals or developmental cues, apoptosis is considered 
an important factor in the pathogenesis of pulmonary 
edema secondary to injury.5 Many studies have sought 
to improve the understanding of the inflammatory 
mechanisms that contribute to blunt trauma induced 
lung contusion,6 although the regulatory effect of tumor 
necrosis factor-α (TNF-α) production as well as the 
molecular mechanism associated with the stimulation 
of apoptotic cell death are not fully understood. The 
effect of TNF-α on apoptosis induced by blunt chest 
trauma has not yet been elucidated clearly. A variety 
of therapeutic methods and tools have been used to 
attenuate inflammation and abnormal apoptosis caused 
by blunt chest trauma. Ligustrazine, a purified and 
chemically identified component of a Chinese herbal 
remedy, has been demonstrated to have protective 
effects against lung and liver injury after burn and renal 
ischemia-reperfusion injury in rats, and prevents acute 
myocardial infarction and cerebrovascular accidents 
in humans.7-11 Ligustrazine has also been shown to 
alleviate hepatic and endothelial cell damage induced 
by ischemia-reperfusion.8,12,13 Here, we investigated 
whether ligustrazine could produce protection against 
lung injury induced by blunt chest trauma in rats. 
Several intracellular signaling pathways, such as the 
caspase cascades and B-cell lymphoma 2 (Bcl-2) family 
proteins have been demonstrated to be critical in the 
regulation of apoptosis. Therefore, the expressions of 
pulmonary caspase-3, Bcl-2 and Bax, and blood plasma 
TNF-α were also examined in this study.

Methods. Animal care and use. The Bioethics 
Committee of Renmin Hospital of Wuhan University 

approved this study, and the procedures were carried 
out according to the Guide for the Care and Use of 
Laboratory Animals by the National Institutes of Health 
(NIH Publication No. 80-23). The study was performed 
in the Animal Center of the Renmin Hospital of Wuhan 
University, Wuhan, China between September 2009 
and September 2010. Male Sprague-Dawley (SD) rats 
weighing 200-250 g (8-10 weeks) were used in this 
study. The Center of Experimental Animals at Wuhan 
University supplied the rats. Food was withheld for 12 
hours before the experiment.

Surgical procedures. The rats were anesthetized 
intraperitoneally with 2% sodium pentobarbital (45 
mg/kg). Surgery was performed after loss of the blink 
and withdrawal reflexes. The rats were then placed in the 
supine position and allowed to breathe spontaneously. 
The right jugular vein was cannulated with polyethylene 
tubing (PE-24G). After the surgical procedures, the 
rats received an intravenous infusion of 10 ml lactated 
Ringer’s solution (2 ml/h) to prevent dehydration.

Experimental protocol and blunt chest trauma 
model. After surgical preparation and instrumentation, 
the animals were randomly allocated into 4 groups: 
sham control group (group C, n=60), ligustrazine 
treatment group (group C+L, n=60), trauma model 
group (group T, n=60), and the trauma plus ligustrazine 
treatment group (group T+L, n=60). Each group was 
further divided equally into 2 subgroups, and one of 
the 2 groups received Evans blue dye injection. Lung 
contusion was induced as previously described.4,13 
Briefly, the rats were anesthetized in their supine 
position and a 0.3 kg weight from a height of 95 cm 
was dropped through a vertical stainless steel tube 
onto a platform resting on the chests of rats. Animals 
of the T+L group were intraperitoneally injected with 
ligustrazine (80 mg/kg)8,12 immediately after blunt chest 
trauma. Lung tissues were collected at each respective 
time point. Exsanguination and thoracotomy were 
performed to harvest lung tissue specimens. The right 
upper lung tissues were fixed in 4% paraformaldehyde, 
then embedded in paraffin and prepared in slices of 5 
µm thickness. Expressions of caspase-3, Bax and Bcl-2, 
and cell apoptosis were determined by standard assay.

Histological changes. The upper lobe of the left 
lung was stained with hematoxylin and eosin (HE) 
for standard histological examination. A pathologist 
blinded to the treatment groups examined at least 2 
different sections of each specimen. Alveolar septal 
wall neutrophil sequestration in the peripheral lung 
parenchyma was expressed as the mean number of 
neutrophils per 10 high-power fields (100x). The 
severity of ALI was scored on a scale of 0 to 4 (0=normal, 
1=mild damage, 2=moderate damage, 3=severe damage, 
and 4=most severe damage) as described previously,14 
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and examined by a blinded pathologist using a 5-point 
scale according to combined assessments of alveolar 
congestion, hemorrhage, infiltration in the airspace 
or vessel wall, and thickness of alveolar wall/hyaline 
membrane formation damage. 

Assay of apoptosis by TUNEL staining. The extent of 
lung apoptosis was also determined using terminal dUTP 
nick end-labeling (TUNEL), as described previously.14 
The status of apoptotic cells was determined with an 
in situ cell apoptosis assay kit (Roche Corporation, 
Basel, Switzerland). Five high-power fields (x400) were 
randomly chosen and the numbers of apoptotic cells 
and total cells were counted. The apoptosis index (AI, 
%) was calculated with the following formula: AI (%) 
= number of apoptotic cells/number of total cells x 
100%.

Analysis of pulmonary microvascular permeability. 
Pulmonary vascular permeability was estimated using 
the Evans blue dye method.15 In brief, Evans blue, 30 
mg/kg (Sigma-Aldrich, Beijing, China) was injected 
intravenously approximately 30 minutes prior to the time 
at which the right lung was perfused via the pulmonary 
artery for 2 minutes with physiological saline (37°C) at 
0.04 ml/g body weight per minute using an infusion 
pump to eliminate residual blood, and Evans blue dye 
from the pulmonary bed as described previously.15 After 
infusion, the right lung was excised, rinsed externally 
with physiological saline, and then placed in a drying 
oven at 90°C for 24 hours. Dried tissue samples were 
placed in 2 ml of formamide at 37°C for 24 hours. The 
dye concentration of the samples was then measured 
by spectrophotometry at 620 nm. The concentration 
was expressed in micrograms per gram of dried tissue 
samples.

Assessment of pulmonary edema. At the time points 
of one, 2, 3, 12, and 24 hours after chest trauma, 

the lower lobe of the left lung was removed from the 
thoracic cavity, weighed, and then placed in a drying 
oven at 90°C for 24 hours. After this drying procedure 
the specimen was reweighed, and the ratio of the weight 
before and after drying was calculated. Lung edema was 
represented by an increase in this ratio.16

Measurement of TNF-α level in plasma. Blood 
samples were collected by the intravenous route at 
baseline (0.5 hour) and one, 2, 3, 12, and 24 hours 
after blunt chest trauma, the blood was centrifuged 
to separate the plasma. The plasma concentrations of 
TNF-α were detected by ELISA according to the kit 
instructions (American R & D System, Incorporation, 
Minneapolis, USA).

Assay of caspase-3, Bcl-2/Bax expressions. Expressions 
of caspase-3, and Bcl-2/Bax were determined using an 
SABC kit (Boster Bio-Engineering Co., Ltd., Wuhan, 
China). The staining was determined positive when the 
cytoplasm turned brownish yellow. Five different visual 
fields under a light microscope (x400) of each respective 
section were chosen and the mean optical densities 
(ODs) of caspase-3, Bax, and Bcl-2 positive cells from 
each section were analyzed with a color image pattern 
analysis system (HPIAS-1000, Yuanda Technology 
Corporation, Beijing, China).

Statistical analysis. Results were presented as mean ± 
SD. The data were analyzed using the Statistical Package 
for Social Sciences (SPSS Inc., Chicago, IL, USA) 
version 13.0 for Windows. Statistical evaluation of the 
data was performed by two-way analysis of variance, 
followed by the t-test as a post hoc test. P<0.05 was 
considered statistically significant.

Results. Change of ALI in different groups. As 
shown in Figure 1a, blunt chest trauma caused excessive 
alveolar interstitial edema, hemorrhage, thickening of 

a

Figure 1 - Change of acute lung injury in the different groups showing:  a) Histological analysis (x100, H&E staining) of lung tissue harvested 
from control tissue or 3 hours after blunt chest trauma in each group. Blunt chest trauma caused an excessive alveolar interstitial edema, 
hemorrhage, thickening of the alveolar wall, and infiltration of inflammatory cells into the interstitial and alveolar spaces (middle), which 
are significantly different to control tissue (group C, left). These features were dramatically diminished in rat treated with ligustrazine. There 
was minimal edema, hemorrhage, and inflammatory (right). b) Summary of scores of acute lung injury under condition of control, trauma, 
and treatment of ligustrazine. *p<0.05, **p<0.01 versus control, and #p<0.05 versus trauma by ANOVA and t-test. C (control group; n=60), 
C+L (control+ligustrazine group; n=60); T (trauma group; n=60); T+L (trauma+ligustrazine group; n=60).

b
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p=0.02); there was no significant difference between the 
control group, and the control plus ligustrazine group 
at each time point. The ALI score in the trauma plus 
ligustrazine group was lower than that in trauma group 
(3.46±0.12 versus 1.24±0.06, p=0.02, Figure 1b). No 
statistical difference was found between the trauma plus 
ligustrazine group, and the control group (Figure 1b).

Change of apoptosis index in the different groups. As 
compared with the control group, the AI in the trauma 
group was markedly increased 2 hours after trauma 
and continued to increase over the whole procedure 
(5.83±0.83 versus 2.97±0.56, p=0.02). The AI of the 
trauma plus ligustrazine group was lower than that of 
the trauma group (p=0.03), but higher than the control 
group (Figure 2).

Change of pulmonary edema, and pulmonary 
microvascular permeability. The pulmonary 
microvascular permeability and pulmonary edema 
formation assessed by Evans blue dye extravasation 
and wet/dry weight ratios of lung tissues are shown in 

a

Figure 2 - Apoptosis index in the different groups showing: a) Changes of apoptosis (TUNEL-positive cells) of lung in each group by TUNEL 
(TUNELx400). There were almost no cells positive for TUNEL in the control group (group C, left). Trauma induced more TUNEL-
positive cells; the nucleus of these cells was brownish yellow or dark brown (Group T, middle). There were a few TUNEL-positive cells after 
treatment with ligustrazine (right). Arrows show the TUNEL-positive cells. b) Apoptosis index was significantly lower in the ligustrazine-
treated group than in the trauma group at every time point. *p<0.05, **p<0.01 versus control, and #p<0.05 versus trauma by ANOVA 
and t-test. C (control group; n=60), C+L (control+ligustrazine group; n=60); T (trauma group; n=60); T+L (trauma+ligustrazine group; 
n=60).

Figure 5 - Blood plasma tumor necrosis factor (TNF)-α level in the 
different groups. The expression of TNF-α began to increase 
at one hour, and peaked at 3 hours after blunt chest trauma, 
then gradually declined at 12 and 24 hours after blunt chest 
trauma. Ligustrazine significantly decreased the plasma level of 
TNF-α. *p<0.05, **p<0.01 versus control, and #p<0.05 versus 
trauma by ANOVA and t-test. C (control group; n=60), C+L 
(control+ligustrazine group; n=60); T (trauma group; n=60); 
T+L (trauma+ligustrazine group; n=60).

Figure 4 - Lung tissue wet/dry (W/D) weight ratios in the different 
groups. Wet/dry weight ratios of lung tissue were significantly 
lower in the ligustrazine-treated group (T+L group) than in 
the trauma group at the same time point. *p<0.05, **p<0.01 
versus control, and #p<0.05 versus trauma by ANOVA and t-
test. C (control group; n=60), C+L (control+ligustrazine group; 
n=60); T (trauma group; n=60); T+L (trauma+ligustrazine 
group; n=60).

Figure 3 - Evans blue dye concentrations in lung tissue in the different 
groups. Evans blue dye concentrations were significantly 
lower in the ligustrazine-treated group than in the trauma 
group. *p<0.05, **p<0.01 versus control, and #p<0.05 versus 
trauma by ANOVA and t-test. C (control group; n=60), C+L 
(control+ligustrazine group; n=60); T (trauma group; n=60); 
T+L (trauma+ligustrazine group; n=60).

the alveolar wall, and infiltration of inflammatory cells 
into the interstitial and alveolar spaces. These features 
were dramatically diminished in rats treated with 
ligustrazine. The ALI score in the trauma group was 
higher at each time point as compared with the control 
group as early as 2 hours (3.06±0.11 versus 1.28±0.10, 

b



143www.smj.org.sa     Saudi Med J 2012; Vol. 33 (2) 

Ligustrazine attenuates blunt chest trauma induced ALI ... Meng et al

Figures 3 & 4. The mean Evans blue dye concentration 
in the trauma group was significantly higher than those 
in the control group (p=0.002). Ligustrazine treatment 
significantly reduced the blunt chest trauma induced 
pulmonary microvascular dysfunction (p=0.04). 
Similarly, the mean wet/dry weight ratio of lung tissues 
in the trauma group was significantly higher than 
those in the control group (p=0.003). Ligustrazine 
administration significantly decreased the blunt chest 
trauma related pulmonary edema (p=0.04).

Change of plasma TNF-a levels in the different 
groups. As shown in Figure 5, the expression of TNF-α 
began to increase at one hour, and peaked 3 hours after 

blunt chest trauma. This then gradually declined at 12 
and 24 hours after blunt chest trauma (382.3±52.5 
versus 134.5±39.1, p=0.001). Ligustrazine significantly 
decreased the plasma level of TNF-α (p=0.03). There 
was no significant difference between the trauma group, 
and the trauma plus ligustrazine group at 12 and 24 
hours after blunt chest trauma.

Change of caspase-3, and the ratio of Bcl-2/Bax 
in the different groups. As shown in Figures 6 & 7, 
the expression of caspase-3, Bax, and Bcl-2 markedly 
elevated from 1-2 hours after trauma. The expression 
of caspase-3 and Bax increased continuously, but the 
expression of Bcl-2 decreased gradually one hour after 

Figure 6 - Expression of caspase-3, Bcl-2, and Bax in the lung of the rats 
in each group (x400). The expression of caspase-3 (upper), 
Bcl-2 (middle) and Bax (lower) were determined by immuno-
histochemistry using the Strept Avidin-Biotin Complex 
method. For caspase-3, part of the cytoplasm of the lung tissue 
cells showed brownish yellow in the control group (group C, 
left). A large number of cytoplasm of lung tissue cells showed 
brownish yellow or dark brown in the trauma group (group T, 
middle). These features were dramatically diminished in rats 
treated with ligustrazine; parts of the cytoplasm of intestinal 
epithelial cells showed a brownish yellow (group L, right). For 
Bax and Bcl-2, the cytoplasm of positive cell was dyed with 
brownish yellow. The expression of Bax and Bcl-2 was weak in 
control group, parts of the lung tissue cells showed brownish 
yellow in the cytoplasm (group C, left). The expressions 
of Bax and Bcl-2 of the T group were markedly elevated in 
alveolar epithelial cells, vascular endothelial cells, and part 
of the airway epithelial cells. However, the expression of Bax 
increased gradually as the course advanced, but expressions of 
Bcl-2 encountered a gradual reduction in respect to the disease 
progression (group T, middle). The positive cells of Bcl-2 in 
group L increased with the decrease of positive Bax cells (group 
L, right). Arrows show the positive cells of caspase-3, Bcl-2, or 
Bax.

Figure 7 - Changes of expressions of caspase-3, Bcl-2, and Bax, and the 
ratio of Bcl-2 to Bax in the different groups. The expression of 
a) caspase-3, b) Bcl-2, and c) Bax were determined by mean 
optical densities (OD) value. The expressions of caspase-3 
(a) were significantly lower in the ligustrazine-treated group 
(group T+L) than in the trauma group (group T) at the same 
time point. The ratio of Bcl-2 to Bax d) increased significantly 
in the ligustrazine-treated group (group T+L) compared with 
the trauma group (group T) at the same time point. *p<0.05 
versus control, #p<0.05 versus trauma by ANOVA and t-test. 
C (control group; n=60), C+L (control+ligustrazine group; 
n=60); T (trauma group; n=60); T+L (trauma+ligustrazine 
group; n=60).

a

b

c

d
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trauma (p=0.02, Figures 7a, 7c, and 7d). Ligustrazine 
decreased the expression of Caspase-3 and Bax, but 
enhanced the increase of Bcl-2, thus, the ratio of Bcl-
2/Bax markedly increased during the entire experiment 
over 24 hours (0.716±0.018 versus 1.292±0.033, 
p=0.03, Figure 7b).  

Discussion. This study demonstrates that 
ligustrazine provided protection against apoptosis 
and ALI induced by blunt chest trauma in rats. The 
main findings are as follows: 1) Ligustrazine causes a 
substantial amelioration of lung injury induced by blunt 
chest trauma. 2) Ligustrazine attenuated apoptosis in 
the lung caused by blunt chest trauma. 3) Ligustrazine 
decreased the expression of TNF-α, increased the Bcl-
2/Bax ratio and decreased the cleaved Caspase-3 level. 
All these data support the view that ligustrazine can 
attenuate inflammation and apoptosis caused by blunt 
chest trauma in rats.

We confirmed that severe blunt chest trauma can 
induce ALI and apoptosis, an important factor in the 
pathogenesis of pulmonary edema secondary to injury. 
The AI in the lung tissue rose significantly after blunt 
chest trauma, and the lung tissues were significantly 
damaged after blunt chest trauma under a light 
microscope. The lung injury and AI induced by trauma 
were alleviate by the ligustrazine treatment. Evans blue 
dye extravasation and the wet-to-dry weight ratio of 
lung tissue were used in the current study to assess the 
changes in the microvascular permeability. They were 
significantly higher when the animals received blunt 
chest trauma, and recovered to normal after ligustrazine 
treatment. All of these results indicate that ligustrazine 
can attenuate ALI and apoptosis in the lung, and 
reduce the pulmonary microvascular dysfunction and 
pulmonary edema induced by the blunt chest trauma.

The protective effect of ligustrazine on ALI may 
benefit from its antioxidant properties. Several studies 
have shown that ligustrazine has strong effects of 
scavenging cytotoxic oxygen free radicals.17 Some 
reports revealed that ligustrazine reduced mice renal 
ischemia/reperfusion injuries partially by decreasing 
the generation of reactive oxygen species (ROS), 
inhibition of apoptosis and overexpression of TNF-
α.8,18 Ligustrazine can also remove oxygen free radicals 
by inactivating xanthinoxidase and raising superoxide 
dismutase activity.12 

We found that ligustrazine can attenuate apoptosis 
induced by ALI in this study. Apoptosis is a highly 
regulated and intrinsic cell-suicide program, which 
is important in both physiological and pathological 
conditions.19-23 Apoptosis induced by traumatic ALI 
involves the release of a large number of inflammatory 
mediators including TNF, IL-1, IL-6, IL-8, IL-10, 

and platelet activating factor.24 The TNF-α not only 
plays a dynamic and pivotal role in the beginning of 
the apoptosis, but also is the central mediator and the 
trigger of apoptosis.25 In our study, the serum TNF-α 
concentration began to increase at one hour, and almost 
peaked at 2 hours after blunt chest trauma, this 
subsequently decreased, and returned to normal at 24 
hours after blunt chest trauma. The results indicate that 
the severity of apoptosis, and the lung injury induced 
by trauma began to intensify at 2 hours and peaked 3 
hours after trauma. Therefore, the release of TNF-α 
after the traumatic lung injury might play a dynamic 
and pivotal role in the induction of the apoptosis 
and ALI. Administration of ligustrazine resulted in a 
dramatic decrease of TNF-α and apoptosis, suggesting 
that ligustrazine can inhibit the production and release 
of interleukin of lung cells and indirectly inhibit cell 
abnormal apoptosis. 

The caspase cascades and Bcl-2 families are 
demonstrated to be critical in the regulation of apoptosis. 
As a distal executioner, caspase-3 can transform from 
a proenzyme to the active form by apoptotic triggers-
induced caspase-cascade activation, and then mediate 
the apoptotic cascade.26-28 Both Bcl-2 and Bax belong 
to the Bcl-2 gene family,29,30 which are crucial in 
determining cell fate in the apoptotic pathway. The 
Bcl-2 has been suggested to act as an anti-oxidant 
and prevent cell death by its anti-oxidizing effects, or 
by suppressing the production of oxygen free radicals. 
The death promoting protein Bax counteracts the anti-
apoptotic effects of Bcl-2 by forming a heterodimer 
with Bcl-2. When the expression level of Bax increases, 
the effect of Bcl-2 is antagonized, thus promoting 
apoptosis. Therefore, the ratio of Bcl-2 to Bax, rather 
than the levels of the individual proteins, is considered 
to be critical in determining the survival/death of cells. 
In this study, we showed that activation of caspase-3 in 
lung cells accompanied a prominent decrease of Bcl-2 
and increase of Bax after blunt chest trauma, which is 
accompanied with the increase of apoptosis index. It is 
suggested that decreased levels of Bcl-2 may accelerate 
caspase-3 activation during apoptosis induced by trauma 
in the lung. Consistent with its anti-apoptotic effect to 
lung injury,31 ligustrazine treatment decreased expression 
of caspase-3 and Bax, while increasing the expression of 
Bcl-2. Furthermore, the ratio of anti-apoptotic Bcl-2 
to pro-apoptotic Bax was prominently increased. These 
results imply that changes in the expressions of caspase-
3, Bcl-2 and Bax, especially the ratio of Bcl-2 to Bax 
intimately influenced the development and severity of 
apoptosis induced by blunt chest trauma.

Although the current study indicated that the 
changes of caspase-3, Bcl-2, and Bax are important for 
the treatment of ligustrazine on apoptosis induced by 
blunt chest trauma, further detailed studies need to be 
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performed to analyze the effects of ligustrazine treatment 
on caspase-3 activity and cellular translocation of Bax. 

We conclude that ligustrazine provides beneficial 
action against apoptosis and ALI induced by blunt chest 
trauma. The beneficial effects of ligustrazine can be 
attributed to its anti-apoptosis and anti-inflammatory 
properties with a mechanism that inhibits the production 
of TNF-α, increases the ratio of Bcl-2 to Bax, and 
decreases the expression of caspase-3. We propose that 
ligustrazine may be useful in enhancing the tolerance of 
lungs against apoptosis and injury in situations where 
the lung tissues are subject to blunt chest trauma.

References
  
  1. Bamvita JM, Bergeron E, Lavoie A, Ratte S, Clas D. The impact 

of premorbid conditions on temporal pattern and location of 
adult blunt trauma hospital deaths. J Trauma 2007; 63: 135-
141.

  2. Keel M, Eid K, Labler L, Seifert B, Trentz O, Ertel W. Influence 
of injury pattern on incidence and severity of inflammatory 
posttraumatic complications in severely injured patients. 
European Journal of Trauma 2006; 32: 387-395.

  3. Penney DJ, Bannon PG, Parr MJ. Intra-aortic balloon 
counterpulsation for cardiogenic shock due to cardiac 
contusion in an elderly trauma patient. Resuscitation 2002; 
55: 337-340.

  4. Raghavendran K, Davidson BA, Helinski JD, Marschke CJ, 
Manderscheid P, Woytash JA, et al. A rat model for isolated 
bilateral lung contusion from blunt chest trauma. Anesth Analg 
2005; 101: 1482-1489.

  5. Li X, Shu R, Filippatos G, Uhal BD. Apoptosis in lung injury 
and remodeling. J Appl Physiol 2004; 97: 1535-1542. 

  6. Tsukamoto T, Chanthaphavong RS, Pape HC. Current theories 
on the pathophysiology of multiple organ failure after trauma. 
Injury 2010; 41: 21-26.

  7. Cheng XC, Liu XY, Xu WF, Guo XL, Zhang N, Song YN. 
Ligustrazine derivatives. Part 3: Design, synthesis and evaluation 
of novel acylpiperazinyl derivatives as potential cerebrocardiac 
vascular agents. Bioorg Med Chem 2009; 17: 3018-3024. 

  8. Feng L, Xiong Y, Cheng F, Zhang L, Li S, Li Y. Effect of 
ligustrazine on ischemia-reperfusion injury in murine kidney. 
Transplant Proc 2004; 36: 1949-1951.

  9. Gao S, Chen ZW, Zheng H, Chen XL. Ligustrazine attenuates 
acute myocardium injury after thermal trauma. Burns 2007; 
33: 321-327.

10. Zheng H, Chen XL, Han ZX, Wang SY, Chen ZW. Effect of 
Ligustrazine on liver injury after burn trauma. Burns 2006; 32: 
328-334.

11. Zheng H, Chen XL, Han ZX, Zhang Z, Wang SY, Xu QL. 
Ligustrazine attenuates acute lung injury after burn trauma. 
Burns 2005; 31: 453-458.

12. Feng L, Ke N, Cheng F, Guo Y, Li S, Li Q, et al. The protective 
mechanism of ligustrazine against renal ischemia/reperfusion 
injury. J Surg Res 2011; 166: 298-305.

13. Raghavendran K, Davidson BA, Woytash JA, Helinski JD, 
Marschke CJ, Manderscheid PA, et al. The evolution of isolated 
bilateral lung contusion from blunt chest trauma in rats: 
cellular and cytokine responses. Shock 2005; 24: 132-138.

14. Nishina K, Mikawa K, Takao Y, Maekawa N, Shiga M, Obara 
H. ONO-5046, an elastase inhibitor, attenuates endotoxin-
induced acute lung injury in rabbits. Anesth Analg 1997; 84: 
1097-1103.

15. Yildirim E, Ozisik K, Ozisik P, Emir M, Yildirim E, Misirlioglu 
M, et al. Apoptosis-related gene bcl-2 in lung tissue after 
experimental traumatic brain injury in rats. Heart Lung Circ 
2006; 15: 124-129. 

16. Aytekin FO, Tekin K, Kabay B, Erdem E, Guney Y, Firat P, et 
al. Antithrombin III attenuates pulmonary tissue injury caused 
by mesenteric ischemia-reperfusion. Am J Surg 2005; 189: 
161-166.

17. Gao C, Peng H, Wang S, Zhang X. Effects of Ligustrazine on 
pancreatic and renal damage after scald injury. Burns 2012; 38: 
102-107.

18. Chang Y, Hsiao G, Chen SH, Chen YC, Lin JH, Lin KH, 
et al. Tetramethylpyrazine suppresses HIF-1alpha, TNF-alpha, 
and activated caspase-3 expression in middle cerebral artery 
occlusion-induced brain ischemia in rats. Acta Pharmacol Sin 
2007; 28: 327-333.

19. Andersson B, Janson V, Behnam-Motlagh P, Henriksson R, 
Grankvist K. Induction of apoptosis by intracellular potassium 
ion depletion: using the fluorescent dye PBFI in a 96-well plate 
method in cultured lung cancer cells. Toxicol In Vitro 2006; 
20: 986-994.

20. Sprick MR, Walczak H. The interplay between the Bcl-2 family 
and death receptor-mediated apoptosis. Biochim Biophys Acta 
2004; 1644: 125-132. Review.

21. Nachmias B, Ashhab Y, Ben-Yehuda D. The inhibitor of 
apoptosis protein family (IAPs): an emerging therapeutic target 
in cancer. Semin Cancer Biol 2004; 14: 231-243.

22. Liu Z, Sun QH, Yang Y, Liu JM, Peng JP. Effect of IFNgamma 
on caspase-3, Bcl-2 and Bax expression, and apoptosis in rabbit 
placenta. Cytokine 2003; 24: 201-209.

23. Park C, Jin CY, Kwon HJ, Hwang HJ, Kim GY, Choi W, et al. 
Induction of apoptosis by esculetin in human leukemia U937 
cells: roles of Bcl-2 and extracellular-regulated kinase signaling. 
Toxicol In Vitro 2010; 24: 486-494.

24. Nicholas SA, Oniku AE, Sumbayev VV. Myeloid cell death 
associated with Toll-like receptor 7/8-mediated inflammatory 
response. Implication of ASK1, HIF-1 alpha, IL-1 beta and 
TNF-alpha. Mol Immunol 2010; 48: 240-247.

25. Zhu J, Liu M, Kennedy RH, Liu SJ. TNF-alpha-induced 
impairment of mitochondrial integrity and apoptosis mediated 
by caspase-8 in adult ventricular myocytes. Cytokine 2006; 34: 
96-105.

26. Chul Cho K, Hoon Jeong J, Jung Chung H, Joe CO, Wan 
Kim S, Gwan Park T. Folate receptor-mediated intracellular 
delivery of recombinant caspase-3 for inducing apoptosis. J 
Control Release 2005; 108: 121-131.

27. Atasoy P, Bozdogan O, Erekul S, Bozdogan BN, Bayramd M. 
Fas-mediated pathway and apoptosis in normal, hyperplastic, 
and neoplastic endometrium. Gynecol Oncol 2003; 91: 309-
317.

28. Celhar T, Batista Napotnik T, Obreza A, Zega A, Anderluh 
PS, Kikelj D, et al. Azaphenylalanine-based serine protease 
inhibitors induce caspase-mediated apoptosis. Eur J Pharmacol 
2009; 602: 15-22.

29. Hossini AM, Eberle J. Apoptosis induction by Bcl-2 proteins 
independent of the BH3 domain. Biochem Pharmacol 2008; 
76: 1612-1619.

30. Handrick R, Rudner J, Muller I, Eibl H, Belka C, Jendrossek 
V. Bcl-2 mediated inhibition of erucylphosphocholine-induced 
apoptosis depends on its subcellular localisation. Biochem 
Pharmacol 2005; 70: 837-850.

31. Takahashi M, Saito H, Atsukawa K, Ebinuma H, Okuyama 
T, Ishii H. Bcl-2 prevents doxorubicin-induced apoptosis of 
human liver cancer cells. Hepatol Res 2003; 25: 192-201.


