
The Scientific World Journal

Innovative Targeting Strategies 
in Drug Therapy for Inflammatory 
Diseases: Mechanistic Approaches

Guest Editors: Duen-Suey Chou, Joen-Rong Sheu, Philip A. Thomas, and 
Muniyan Sakthivel



Innovative Targeting Strategies in Drug
Therapy for Inflammatory Diseases:
Mechanistic Approaches



The Scientific World Journal

Innovative Targeting Strategies in Drug
Therapy for Inflammatory Diseases:
Mechanistic Approaches

Guest Editors: Duen-Suey Chou, Joen-Rong Sheu,
Philip A. Thomas, and Muniyan Sakthivel



Copyright © 2015 Hindawi Publishing Corporation. All rights reserved.

This is a special issue published in “The ScientificWorld Journal.” All articles are open access articles distributed under the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.



Contents

Innovative Targeting Strategies in DrugTherapy for Inflammatory Diseases: Mechanistic Approaches,
Duen-Suey Chou, Joen-Rong Sheu, Philip A. Thomas, and Muniyan Sakthivel
Volume 2015, Article ID 891676, 2 pages

VEGF Correlates with Inflammation and Fibrosis in Tuberculous Pleural Effusion, Mauo-Ying Bien,
Ming-Ping Wu, Wei-Lin Chen, and Chi-Li Chung
Volume 2015, Article ID 417124, 8 pages

Static Magnetic Field Attenuates Lipopolysaccharide-Induced Inflammation in Pulp Cells by Affecting
Cell Membrane Stability, Sung-Chih Hsieh, Jeng-Ting Tsao, Wei-Zhen Lew, Ya-Hui Chan, Lin-Wen Lee,
Che-Tong Lin, Yung-Kai Huang, and Haw-Ming Huang
Volume 2015, Article ID 492683, 9 pages

Change of Scaling-Induced Proinflammatory Cytokine on the Clinical Efficacy of Periodontitis
Treatment, Kou-Gi Shyu, Cheuk-Sing Choy, Daniel Chung-Lang Wang, Wei-Chen Huang,
Shyuan-Yow Chen, Chien-Hsun Chen, Che-Tong Lin, Chao-Chien Chang, and Yung-Kai Huang
Volume 2015, Article ID 289647, 7 pages

Effect of Antrodia camphorata on Inflammatory ArterialThrombosis-Mediated Platelet Activation:The
Pivotal Role of Protein Kinase C, Wan-Jung Lu, Shih-Chang Lin, Chang-Chou Lan, Tzu-Yin Lee,
Chih-Hsuan Hsia, Yung-Kai Huang, Hsiu-Chuan Lee, and Joen-Rong Sheu
Volume 2014, Article ID 745802, 8 pages

Extract of Antrodia camphorata Exerts Neuroprotection against Embolic Stroke in Rats without
Causing the Risk of Hemorrhagic Incidence, Ye-Ming Lee, Chiu-Yun Chang, Ting-Lin Yen, Pitchairaj
Geraldine, Chang-Chou Lan, Joen-Rong Sheu, and Jie-Jen Lee
Volume 2014, Article ID 686109, 8 pages

Andrographolide Inhibits Nuclear Factor-𝜅B Activation through JNK-Akt-p65 Signaling Cascade in
Tumor Necrosis Factor-𝛼-Stimulated Vascular Smooth Muscle Cells, Yu-Ying Chen, Ming-Jen Hsu,
Cheng-Ying Hsieh, Lin-Wen Lee, Zhih-Cherng Chen, and Joen-Rong Sheu
Volume 2014, Article ID 130381, 10 pages

Sanguis draconis, a Dragon’s Blood Resin, Attenuates High Glucose-Induced Oxidative Stress and
Endothelial Dysfunction in Human Umbilical Vein Endothelial Cells, Yi Chang, Ting-Chen Chang,
Jie-Jen Lee, Nen-Chung Chang, Yung-Kai Huang, Cheuk-Sing Choy, andThanasekaran Jayakumar
Volume 2014, Article ID 423259, 10 pages



Editorial
Innovative Targeting Strategies in Drug Therapy for
Inflammatory Diseases: Mechanistic Approaches

Duen-Suey Chou,1 Joen-Rong Sheu,1 Philip A. Thomas,2 and Muniyan Sakthivel3

1Graduate Institute of Medical Sciences, College of Medicine, Taipei Medical University, Taipei 110, Taiwan
2Department of Microbiology, Institute of Ophthalmology, Joseph Eye Hospital, Tiruchirappalli, Tamil Nadu 620 001, India
3Department of Biochemistry and Molecular Biology, University of Nebraska Medical Center, Omaha, NE 68198, USA

Correspondence should be addressed to Duen-Suey Chou; fird@tmu.edu.tw

Received 12 March 2015; Accepted 12 March 2015

Copyright © 2015 Duen-Suey Chou et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

The treatment of inflammatory disease is conquered by
the administration of anti-inflammatory and immunosup-
pressive drugs, which defeat the inflammatory burden and
recover the disease-related symptoms. Conventional treat-
ment strategies are characterized by limited therapeutic
efficacy and the occurrence of adverse drug reactions.There-
fore, the progress of novel disease-targeted drug delivery
stratagems is proposed for a more effective therapy. Though
numerous harmonizing and conventional treatment strate-
gies have been assimilated into experimental and clinical
practices, the pertinentmolecular mechanisms are still under
investigation. Hence, we invited researchers to contribute
original research articles as well as review articles to offer
solid suggestion to sustain the application of innovative drugs
in prevention and treatment of inflammatory diseases.

A paper in this special issue investigates the effect of
Antrodia camphorata, a rare Taiwanese medicinal mushroom
that is popularly known as “niu cheng zhi” in Taiwan,
on inflammatory arterial thrombosis-mediated platelet acti-
vation and also the pivotal role of protein kinase C in
this situation was investigated. This paper demonstrated
clearly that Antrodia camphorata holds antiplatelet activ-
ity via inhibiting Ca2+, PKC cascades, and Akt signaling
pathway. These alterations may reduce platelet activity and
ultimately inhibit platelet aggregation. Another interesting
paper in this special issue addresses the same aspect that
combinative therapy of Antrodia camphorata with aspirin
offers enhanced neuroprotective efficacy without increasing

side effects.This paper thoroughly planned anddemonstrated
that Antrodia camphorata alone or combined with aspirin
enhanced neuroprotective efficacy by reducing brain infarct
volume, neurobehavioral score, cerebral blood perfusion, and
subarachnoid and intracerebral hemorrhage incidence. This
paper also showed that Antrodia camphorata alone or with
aspirin did not alter the level of hemoglobin, as this treatment
is safe and does not cause hemorrhagic incident.The findings
of these papers suggested that Antrodia camphorata may
be a potential therapeutic agent for preventing or treating
thromboembolic disorders without causing any major side
effects.

This special issue also published an inspiring paper
that has investigated the mechanisms of the inhibitory
effects of andrographolide, a most active and critical con-
stituent isolated from the leaves of Andrographis paniculata
in vascular smooth muscle cells (VSMCs) exposed to a
proinflammatory stimulus, tumor necrosis factor-𝛼 (TNF-𝛼).
This mechanistic study proposed that andrographolide can
benefit the treatment of vascular inflammatory diseases, and
andrographolide-mediated inhibition of NF-𝜅B activity in
TNF-𝛼-stimulated VSMCs may occur through the JNK-Akt-
p65 signaling cascade, an I𝜅B𝛼-independent mechanism.
In addition, an interesting piece of work in this special
issue examined the effect of an ethanolic extract of Sanguis
draconis, a kind of dragon’s blood resin that was obtained
fromDaemonorops draco (Palmae), on human umbilical vein
endothelial cells (HUVEC) under high-glucose stimulation.
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This paper showed that Sanguis draconis attenuated high-
glucose induced cell toxicity, nitrite, lipid peroxidation, and
reactive oxygen species (ROS) formation in HUVEC. This
treatment method abolished phosphorylation of ERK 1/2,
NF-𝜅B, VCAM-1, and E-selectin, and it seems to block
the breakdown of PARP-116 kDa protein. Furthermore, this
paper found that Sanguis draconis increased the expression
of Bcl-2 and decreased Bax protein expression. The results of
this paper suggest that Sanguis draconismay have a therapeu-
tic potential in vascular inflammation due to the decreased
levels of oxidative stress, apoptosis, and PARP-1 activation.
Overall, we expect that this special issue grants progressive
awareness to upsurge the therapeutic significance for drug
development to treat or prevent inflammatory diseases.

Duen-Suey Chou
Joen-Rong Sheu

Philip A. Thomas
Muniyan Sakthivel



Research Article
VEGF Correlates with Inflammation and Fibrosis in
Tuberculous Pleural Effusion

Mauo-Ying Bien,1,2 Ming-Ping Wu,3,4 Wei-Lin Chen,5 and Chi-Li Chung1,2

1School of Respiratory Therapy, College of Medicine, Taipei Medical University, Taipei 110, Taiwan
2Division of Pulmonary Medicine, Department of Internal Medicine, Taipei Medical University Hospital, Taipei 110, Taiwan
3Department of Obstetrics and Gynecology, Chi-Mei Medical Center, Tainan 710, Taiwan
4Department of Obstetrics and Gynecology, College of Medicine, Taipei Medical University, Taipei 110, Taiwan
5Graduate Institute of Medical Sciences and Department of Pharmacology, College of Medicine, Taipei Medical University,
Taipei 110, Taiwan

Correspondence should be addressed to Chi-Li Chung; clchung@tmu.edu.tw

Received 25 September 2014; Accepted 3 December 2014

Academic Editor: Muniyan Sakthivel

Copyright © 2015 Mauo-Ying Bien et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Objective. To investigate the relationship among angiogenic cytokines, inflammatory markers, and fibrinolytic activity in
tuberculous pleural effusion (TBPE) and their clinical importance.Methods. Forty-two patients diagnosed with TBPEwere studied.
Based on chest ultrasonography, there were 26 loculated and 16 nonloculated TBPE patients. The effusion size radiological scores
and effusion vascular endothelial growth factor (VEGF), interleukin- (IL-) 8, plasminogen activator inhibitor type-1 (PAI-1), and
tissue type plasminogen activator (tPA) were measured. Treatment outcome and pleural fibrosis, defined as radiological residual
pleural thickening (RPT), were assessed at 6-month follow-up. Results.The effusion size and effusion lactate dehydrogenase (LDH),
VEGF, IL-8, PAI-1, and PAI-1/tPA ratio were significantly higher, while effusion glucose, pH value, and tPAwere significantly lower,
in loculated than in nonloculated TBPE. VEGF and IL-8 correlated positively with LDH and PAI-1/tPA ratio and negatively with
tPA in both loculated and nonloculated TBPE. Patients with higher VEGF or greater effusion size were prone to develop RPT
(𝑛 = 14; VEGF, odds ratio 1.28, 𝑃 = 0.01; effusion size, odds ratio 1.01, 𝑃 = 0.02), and VEGF was an independent predictor of RPT
in TBPE (receiver operating characteristic curve AUC = 0.985, 𝑃 < 0.001). Conclusions. Effusion VEGF correlates with pleural
inflammation and fibrosis and may be targeted for adjunct therapy for TBPE.

1. Introduction

Tuberculosis (TB) remains a major global public health issue
and continues to cause significant morbidity and mortality
worldwide [1]. Tuberculous pleural effusion (TBPE) is the
most common form of extrapulmonary TB and often compli-
cated with pleural fibrosis [2]. This pleural fluid is enriched
in proteins, inflammatory cells, and various angiogenic
cytokines [3], including vascular endothelial growth factor
(VEGF) and interleukin- (IL-) 8, which stimulate migration
of leukocytes, induce vascular hyperpermeability and pleural
fluid production, activate coagulation cascade, and repress
fibrinolytic activity within the pleural cavity [4, 5].

Fluid loculation with fibrin septation, a hallmark of
pleural inflammation, is commonly found to be the initial

presentation of TBPE [6]. Loculated effusion, defined as
effusion that does not move freely in the pleural space due
to fibrinous adhesion between parietal and visceral pleura,
makes reabsorption or drainage of such fluid collection
very difficult and leads to persistent dyspnea [6]. Fibrin
turnover in the pleural cavity is affected by fibrinolytic activity
mediated by plasmin, which is regulated by the equilibrium
between plasminogen activators (PAs) and plasminogen
activator inhibitors (PAIs) [7]. An imbalance between PAI-1
and tissue type plasminogen activator (tPA) may elicit fibrin
gel formation in the pleural space and lead to pleural fluid
loculation, fibrin neomatrix remodeling, and fibrosis [6, 8].

VEGF may facilitate the genesis of fibrin gel in infectious
pleural effusions [9]. Previous studies reported that VEGF
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might play a role in the modulation of tPA and PAI-1
[10] and that anti-VEGF antibody could reduce fluid vol-
ume of inflammatory pleural effusion and attenuate pleural
inflammation and fibrosis [11–13].These findings suggest that
VEGF may be involved in the regulation of inflammation,
fibrin turnover and fluid loculation in the pleural cavity, and
subsequent residual pleural thickening (RPT) or fibrosis [9],
whichwas observed in our previous study on parapneumonic
effusions [14]. However, the clinical relevance of angiogenic
cytokines and fibrinolytic activity in TBPE remains unclear.
The aim of the present study was to evaluate the relationship
among angiogenic cytokines (VEGF, IL-8), inflammatory
markers (lactate dehydrogenase (LDH), glucose, pH value),
and fibrinolytic parameters (tPA and PAI-1) in TBPE and
their clinical implication.

2. Methods

2.1. Study Design. This single-center prospective study
intended to assess the clinical importance of angiogenic
cytokines and fibrinolytic activity in TBPE. Ethics approval
(CRC-05-11-01) was obtained from the Institutional Review
Board of Taipei Medical University (Taipei, Taiwan), and all
patients gave written informed consent before entering the
study.

2.2. Patient Selection. Consecutive patients with pleural effu-
sion (PE) of unknown cause admitted to Taipei Medical
University Hospital were eligible for this study and were
included when a diagnosis of TBPE was established by the
demonstration of granulomatous pleuritis on closed pleura
biopsy specimens with or without the presence of acid-
fast bacilli. Exclusion criteria were as follows: history of
invasive procedures directed into the pleural cavity; recent
severe trauma, hemorrhage, or stroke; bleeding disorder or
anticoagulant therapy; use of streptokinase in the previous 2
years; and lack of dyspnea caused by effusions.

2.3. Imaging of PE. All patients were subjected to routine
chest radiography (CXR, frontal and lateral views), lateral
decubitus view with the lesioned side down, real-time chest
ultrasonography (US), and/or thoracic computed tomogra-
phy (CT) to determine the loculated or nonloculated PE as
previously described [6]. Loculated effusion was diagnosed
if the fluid collection (1) appeared as a fixed lenticular
shape on a frontal CXR and was unchanged in appearance
on a decubitus CXR or (2) had a lobulated or lentiform
configuration with a convex smooth border on chest US or
CT imaging.

2.4. CXR Scoring. The posteroanterior CXR films were read
and scored by two radiologists who were blind to any clinical
information to determine (a) the largest linear width of
pleural opacity and (b) effusion size CXR score: the estimated
overall percentage of pleural shadowing in the hemithorax
[15].

2.5. Thoracentesis and Pleural Fluid Analysis. With the guid-
ance of chest US, 50mL of pleural fluid was aspirated imme-
diately or within 24 hours after hospitalization. When PE
was multiloculated, the fluid was aspirated from the largest
loculus. Pleural fluid analyses, adenosine deaminase (ADA),
and microbiological studies were performed routinely.

2.6.Measurement of EffusionVEGF, IL-8, PAI-1, and tPA. The
commercially available enzyme-linked immunosorbent assay
kitswere used tomeasure effusion levels ofVEGF, IL-8 (R&D
System; Minneapolis, MN, USA), tPA, and PAI-1 (American
Diagnostica; Greenwich, CT, USA) as previously described
[6].

2.7. Management of TBPE. Standard anti-TB medications
in addition to pigtail drainage were administered once TB
pleurisy was diagnosed. Intrapleural injection therapy started
on the following day and was done once daily for three con-
tinuous days. Patients with nonloculated effusion underwent
intrapleural injection with 50mL normal saline. Patients
with loculated effusions received intrapleural injection with
solutions containing 50mL normal saline with 250,000 IU of
dissolved streptokinase (Aventis, Marburg, Germany). After
injection, the pigtail tube was clamped for 2 hours and
then opened for free drainage. CXR was performed after the
third day of treatment. Complete drainage was defined as no
or minimal pleural effusion on CXR. The pigtail tube was
removed when the net drainage was less than 50mL during
the previous 24 hours.

2.8. Outcome Measures. CXR and pulmonary function test-
ing with spirometry were performed on discharge and 6
months later, respectively. RPT was measured and defined as
a lateral pleural thickening of ≥10mm shown on CXR and
confirmed by chest US or CT at the end of 6-month follow-
up [16].

2.9. Statistical Analysis. Data were expressed as mean ± SD,
median (interquartile range or range), or frequency (%),
where appropriate. Comparisons of continuous data were
made using an unpaired 𝑡-test or Mann-Whitney 𝑈 test
between two groups where appropriate. The correlations
between variables were determined by Spearman rank corre-
lation coefficients. Categorical variables between two groups
were examined using 𝜒2 method and/or Fisher’s exact test,
when appropriate. A two-tailed𝑃 value <0.05 was considered
to be statistically significant.

Multivariate logistic regression analyses were performed
to determine factors independently associated with develop-
ment of RPT. Variables found to be significant in the uni-
variate analysis were entered into a binary logistic regression
analysis. Results of multivariable analyses are reported as
odds ratios (OR) with 95% confidence intervals and 𝑃 values.
The optimal sensitivity, specificity, and cutoff value of pleural
fluid variables to predict RPT were evaluated by the receiver
operating characteristics (ROC) by analyzing the area under
the curve (AUC).
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Table 1: Demographic and clinical data of the patients studied.

All patients Loculated TBPE Nonloculated TBPE
𝑃 value†

(𝑛 = 42) (𝑛 = 26) (𝑛 = 16)
Male, 𝑛 (%) 27 (64) 18 (69) 9 (56) 0.511
Age, yrs, mean ± SD 62 ± 21 61 ± 22 63 ± 21 0.824
Patients with comorbidities, 𝑛 (%)∗ 28 (67) 18 (70) 10 (63) 0.742
Symptom onset to treatment, days, median (range) 10 (7–19) 10 (8–20) 10 (6–16) 0.547
Side of pleural effusion

Right/left, 𝑛 (%) 27/15 (64/36) 17/9 (65/35) 10/6 (63/37) 0.733
TBPE: uncomplicated parapneumonic effusion.
∗Comorbidities including alcoholism, diabetes mellitus, neurologic, cardiac, respiratory, liver, and kidney diseases.
†For comparisons between loculated and nonloculated TBPE groups.

Table 2: Pleural effusion variables between loculated and nonloculated tuberculous pleural effusion.

All patients Loculated TBPE Nonloculated TBPE
𝑃 value†

(𝑛 = 42) (𝑛 = 26) (𝑛 = 16)
Effusion CXR score, %, mean ± SD 53 ± 20 56 ± 21 43 ± 12 0.025

ADA, IU/L 99 108 86 0.100
(66–185) (82–203) (59–149)

pH value 7.30 7.27 7.36
<0.001

(7.22–7.35) (7.22–7.30) (7.33–7.41)

Glucose, mg/dL 116 98 120 0.038
(75–138) (75–118) (99–142)

Protein, g/L 5.0 4.8 5.2 0.089
(4.1–5.3) (4.1–5.2) (4.2–5.6)

LDH, IU/dL 307 387 210 0.002
(229–533) (287–723) (154–388)

Leukocyte count, cells/𝜇L 1598 1665 1437 0.449
(963–3880) (1330–3880) (720–2000)

PAI-1, ng/mL 114.6 138.5 105.5
<0.001

(105.5–199.0) (114.8–213.0) (96.0–113.0)

tPA, ng/mL 17.0 15.9 24.9
<0.01

(10.0–23.0) (8.4–20.5) (14.4–28.7)

PAI-1/tPA ratio 7.6 13.4 4.6 0.036
(5.0–14.0) (7.6–18.4) (1.8–6.8)

IL-8, pg/mL 365 419 167
<0.001

(220–637) (312–1442) (79–395)

VEGF, pg/mL 693 969 510
<0.001

(499–1909) (571–2054) (161–713)
TBPE: tuberculous pleural effusion; effusion CXR score: portion of hemithorax opacified by pleural effusion on posteroanterior chest radiograph; ADA:
adenosine deaminase; LDH: lactate dehydrogenase; PAI-1: plasminogen activator inhibitor-1; tPA: tissue type plasminogen activator; IL-8: interleukin-8; VEGF:
vascular endothelial growth factor.
Data are presented as median (IQR) unless specified.
†For comparisons between loculated and nonloculated TBP groups.

3. Results

3.1. Patient Characteristics. Consecutive 50 patients with
TBPE were eligible for this study. Eight patients were
excluded because of recent stroke in three, recent gastroin-
testinal bleeding in two, and informed consent unavailable
in three cases, respectively. Finally, 42 patients were enrolled,
including 27 men and 15 women with an age range from 22
to 91 years (mean age, 62 years) (Table 1), and all completed 6
months of follow-up fromMarch 2011 through June 2014.

3.2. Comparisons between Loculated and Nonloculated TBPE.
There were 26 patients with loculated TBPE and 16 patients
with nonloculated TBPE (Table 1). Clinical data, pleural fluid
characteristics, angiogenic cytokines, and parameters related
to fibrinolytic activities in pleural fluids are shown in Table 2.
Compared to patients with nonloculated TBPE, loculated
TBPE patients had significantly higher effusion CXR score on
admission. No significant differences between the two groups
were found in terms of age, gender, comorbidities, and dura-
tion of illness before treatment. Patients with loculated TBPE
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Table 3: Correlation among angiogenic cytokines, fibrinolytic parameters, pleural fluid characteristics, and effusion CXR scores.

pH Glucose LDH Leukocyte count PAI-1 tPA PAI-1/tPA ratio Effusion CXR score
Loculated TBPE (𝑛 = 26)

IL-8 −0.42∗ −0.40∗ 0.39∗ 0.36 0.28 −0.40∗ 0.42∗ 0.21
VEGF −0.57† −0.58† 0.49∗ 0.25 0.77‡ −0.53† 0.76‡ 0.63‡

Effusion CXR score −0.14 −0.12 −0.18 0.13 0.39∗ −0.22 0.12 —
Nonloculated TBPE (𝑛 = 16)

IL-8 −0.46 −0.48 0.55∗ 0.28 0.24 −0.62† 0.59∗ 0.32
VEGF −0.52∗ −0.56∗ 0.67† 0.17 0.59∗ −0.44∗ 0.43∗ 0.47∗

Effusion CXR score −0.22 −0.29 −0.11 0.29 0.21 −0.11 0.10 —
See Table 2 for definition of the abbreviations.
∗Correlation is statistically significant at the level of 0.05.
†Correlation is statistically significant at the level of 0.01.
‡Correlation is statistically significant at the level of 0.001.

Table 4: Pleural fluid variables and pulmonary function in patients with or without development of residual pleural thickening (RPT).

RPT (+) RPT (−)
𝑃 value

(𝑛 = 14) (𝑛 = 28)
Effusion status

Effusion CXR score, %, mean ± SD 71 ± 20 44 ± 12 <0.001
Loculation, 𝑛 (%) 14 (100) 0 (0) 0.002

Pleural fluid
pH value 7.27 (7.22–7.30) 7.35 (7.25–7.39) 0.013
Glucose, mg/dL 100 (73–140) 106 (76–129) 0.947
LDH, IU/dL 328 (229–666) 289 (154–532) 0.126
Leukocyte count, cells/𝜇L 2840 (1521–4410) 1437 (720–2000) 0.028
PAI-1, ng/mL 143.1 (111.1–208.0) 113.7 (78.0–122.5) 0.043
tPA, ng/mL 10.4 (8.2–12.7) 15.8 (4.8–21.0) 0.028
PAI-1/tPA ratio 11.7 (5.0–16.7) 5.2 (2.9–8.4) <0.001
IL-8, pg/mL 419 (312–985) 248 (96–502) 0.025
VEGF, pg/mL 2054 (1909–3387) 516 (274–693) <0.001

FVC, % predicted
At 6 months 74 (73–75) 80 (79–81) <0.001

See Table 2 for definition of the abbreviations. RPT: residual pleural thickening ≥10mm shown on CXR at the end of 6-month follow-up; FVC: forced vital
capacity.
Data are presented as median (IQR) unless specified.

had significantly higher levels of effusion LDH, VEGF, IL-8,
PAI-1, and PAI-1/tPA ratio, and lower values of pH, glucose,
and tPA than did nonloculated TBPE patients. Moreover,
the ADA level, protein concentrations, and leukocyte counts
were comparable between two groups.

3.3. Correlations among Effusion Angiogenic Cytokines, Fibri-
nolytic Parameters, Pleural Fluid Characteristics, and Effusion
CXR Score. As shown in Table 3, the effusion levels of IL-8
and VEGF were positively correlated with those of LDH and
PAI-1/tPA ratio and negatively correlated with those of tPA in
both loculated and nonloculated TBPE. In addition, VEGF
correlated positively with PAI-1 and negatively with pH
value and glucose in both loculated and nonloculated TBPE,
suggesting that VEGF is implicated in pleural inflammation
and fibrinogenesis.

The effusion CXR score had significant positive corre-
lation with the effusion levels of VEGF in both loculated

and nonloculated TBPE. However, there was no significant
correlation between the effusion size and the effusion levels
of IL-8.

3.4. Comparisons between TBPE Patients with and without
RPT. All patients were successfully treated with anti-TB
medications and intrapleural instillation of normal saline or
streptokinase and were discharged uneventfully. All patients
finished the 6-month anti-TB medications and improved
clinically over time, showing no recurrence of the disease.
RPT was observed in 14 patients (33%) at the end of 6-
month follow-up (Table 4). All of them (100%) had loculation
of pleural effusions initially. The effusion CXR score on
admission and the effusion levels of leukocyte count, PAI-
1, PAI-1/tPA ratio, IL-8, and VEGF were significantly higher,
and the effusion pH value and tPA were significantly lower in
the patients with RPT than in those without RPT. Moreover,
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Figure 1: Receiver operating characteristic curves for (a) effusion vascular endothelial growth factor (VEGF) level and (b) effusion chest
radiography (CXR) score to predict residual pleural thickening (RPT) in tuberculous pleural effusion (TBPE). AUC = area under the curve.

patients with RPT had significant lower forced vital capacity
(FVC) than those without RPT.

3.5. Multivariate Logistic Regression Analysis. Furthermore,
multivariate logistic regression analysis was used to iden-
tify the independent factors associated with RPTin TBPE
after 6-month anti-TB medications (Table 5). Variables of
significance in univariate analysis were included for analysis
which demonstrated that only higher effusion VEGF level
and greater effusion CXR score were independent predictors
for RPT in TBPE.

3.6. Optimal Sensitivity, Specificity, and Cutoff Value of
Variables to Predict RPT. The ROC curve showed that the
effusion VEGF at the cutoff level >842 pg/mL had the highest
sensitivity and specificity for predictingRPT inTBPEpatients
(area under the ROC curve = 0.985, 95% CI = 0.957–1.012;
sensitivity 100%, 95% CI = 76.8–100%; specificity 89.3%,
95% CI = 71.8–97.7%) (Figure 1(a)), followed by effusion
CXR score >62% (area under the ROC curve = 0.869, 95%
CI = 0.757–0.981; sensitivity 64.3%, 95% CI = 35.1–87.2%;
specificity 92.9%, 95% CI = 76.5–99.1%) (Figure 1(b)).

4. Discussion

Our results demonstrated that effusion size, LDH, VEGF, IL-
8, PAI-1, and PAI-1/tPA ratio were significantly higher, while
effusion glucose, pH value, and tPA were significantly lower,
in loculated than in nonloculated TBPE. VEGF and IL-8
correlated positively with LDH and PAI-1/tPA ratio and neg-
atively with tPA in both loculated and nonloculated TBPE.
Additionally, VEGF had positive correlation with effusion
size in both loculated and nonloculated TBPE. Fourteen
patients who developed RPT at the end of 6-month follow-up
had larger effusion size and higher levels of VEGF and PAI-1/
tPA ratio than those who did not. Moreover, VEGF and
effusion size were independent predictors of RPT in TBPE.

Table 5: Multivariate logistic regression analyses of factors associ-
ated with residual pleural thickening (RPT).

Odds
ratio 95% CI 𝑃 value

Effusion status
Effusion CXR score, % 1.01 1.00–1.02 0.02
Loculation 1.00 0.99-1.00 0.99

Pleural fluid
pH value 1.01 0.98–1.04 0.52
Leukocyte count, cells/𝜇L 1.00 0.99-1.00 0.87
PAI-1, ng/mL 0.99 0.97–1.03 0.76
tPA, ng/mL 1.00 0.99-1.00 0.99
PAI-1/tPA ratio 1.01 0.98–1.04 0.52
IL-8, pg/mL 1.00 0.99-1.00 0.93
VEGF, pg/mL 1.28 1.06–1.51 0.01

See Table 2 for definition of the abbreviations. CI: confidence interval.

To our knowledge, this is the first study to demonstrate that
VEGF correlated significantly with TB pleural inflammation
and fibrinolytic activity and that elevated VEGF level was
associated with development of pleural fibrosis in TBPE.

Previous studies showed that the level of VEGF was
consistently higher in exudative than in transudative pleural
effusions [17, 18] andTBPE contained significantly higher lev-
els of VEGF than did pleural fluid of heart failure patient [19].
Another report demonstrated that compared to patients with
inactive pulmonary TB and control subjects, serum VEGF
levels were increased in patients with active pulmonary TB
andwere decreased after successful treatment, indicating that
VEGFmay serve as amarker of disease activity [20]. Likewise,
the present study revealed that VEGF levels were significantly
higher in loculated than in nonloculatedTBPE and correlated
substantially with pleural inflammatory markers such as
LDH, pH, and glucose in both groups. As pleural inflam-
mation and increased vascular permeability and leakage are
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essential for the development of exudative PE, VEGF may
represent a key mediator in pleural fluid formation [21]. In
parallel, our data disclosed a substantial correlation between
effusionVEGF level and effusionCXR score in both loculated
and nonloculated TBPE. All these results suggest that VEGF
is implicated in pleural inflammation and may be crucial for
the formation of TBPE.

VEGF induces extravascular leakage of plasma proteins
and is important in the modulation of extracellular matrix
proteolysis by regulating the expression of tPA and PAI-
1 in endothelial cells [10]. Furthermore, VEGF has been
reported to increase PAI-1 expression in keloid fibroblasts
and to contribute to dermal fibrosis [22]. Another angiogenic
factor IL-8 has been shown to increase vascular permeability
and fluid exudation in endotoxin-induced pleurisy in vivo
[23] and correlated positively with PAI-1 and negatively
with tPA in exudative PE [24]. All these findings indicate
that angiogenic cytokines may elicit exudative effusions and
modulate fibrinolytic activity in pleural space by altering
the balance of PAI-1 and tPA. In line with the previous
reports [10, 22–24], our data demonstrated that in both
loculated and nonloculated TBPE, the levels of VEGF and IL-
8 correlated positively with the values of PAI-1/tPA ratio and
negatively with tPA level, though only VEGF levels correlated
positively with PAI-1 values. In addition, the levels of VEGF,
IL-8, PAI-1, and PAI-1/tPA ratio were significantly higher
and the values of tPA were significantly lower in loculated
than in nonloculated TBPE. These findings are in keeping
with the results of the previous in vitro study [10] and raise
the possibility that angiogenic cytokines, particularly VEGF,
may attenuate pleural fibrinolytic activity by disrupting the
balance of PAI-1 and tPA elaborated by endothelial and/or
mesothelial cells and that the increase in VEGF is associated
with the decrease in fibrinolytic activity and subsequent fibrin
deposition and fluid loculation in TBPE.

The sequel of RPT of >10mm may cause significant
functional disturbance [25].However, the predictors affecting
the development of RPT in patients with TBPE remain
elusive. Previous studies reported that the concentrations
of C-reactive protein, IL-1, IL-8, tumor necrosis factor-
𝛼, transforming growth factor-𝛽1, interferon-𝛾, and PAI-
1 were significantly higher and the values of pH, glucose,
and tPA were significantly lower in TBPE complicated with
RPT than those without [6, 26–30]. Moreover, pleural fluid
loculation or fibrin septation detected by chestUS as an initial
presentation may be of value in predicting the development
or occurrence of RPT in TBPE following completion of anti-
TB medication [6, 31]. A previous in vivo study also demon-
strated that angiogenesis was required in the development of
pleural fibrosis [11, 12].

In this study, fourteen patients who developed RPT at
the end of follow-up presented initially with fluid loculation
and had greater effusion size, higher effusion levels of
VEGF, IL-8, PAI-1, and PAI-1/tPA ratio, and lower effusion
levels of pH and tPA. Furthermore, the multivariate analysis
demonstrated that larger effusion size or higher effusion
level of VEGF was the independent risk factor for develop-
ment of RPT. Our results also revealed that effusion VEGF
>842 pg/mL, followed by effusion CXR score >62%, had

optimal sensitivity and specificity to predict RPT in TBPE. At
variancewith the previous reports [6, 30], our study indicated
that the presence of loculation did not increase the risk of
pleural fibrosis. The discrepancy may be explained in part by
the fact that all loculated TBPE patients in the present study
received chest US-guided drainage and streptokinase irriga-
tion, which may minimize the effect of effusion loculation on
the occurrence of RPT [15]. Collectively, in agreement with
the previous in vivo reports [11–13], our study indicated that
the increased angiogenic activity in the pleural fluid might
contribute to subsequent development of pleural fibrosis
and signified the role of VEGF-related impaired fibrinolytic
activity in the formation of RPT in TBPE.

A previous study demonstrated that administration of
corticosteroids, in conjunction with anti-TB therapy, resulted
in more rapid improvement in symptoms of fever and chest
pain and in resolution of effusions in patients with TBPE,
suggesting the beneficial effect of anti-inflammatory agents
on clinical outcome [32]. However, to date, no effective
medical treatment is available for preventing pleural fibrosis
in TBPE [33].The reasonmay be that another critical factor in
pleural fibrosis is the formation of fibrinous neomatrix which
results from disorder in fibrin turnover [8]. Transforming
growth factor (TGF)-𝛽, like VEGF [11, 12], could cause
PAI-1/tPA imbalance and disordered fibrin turnover, and
intrapleural injection with anti-TGF-𝛽 antibody has been
shown to decrease pleural fibrosis in experimental empyema
in rabbits [34]. Accordingly, the previous studies [32–34] and
our results may justify further researches on the usefulness of
anti-VEGF therapy for TBPE.

Taken together, the present study highlighted the pivotal
role of VEGF in orchestration of inflammation, formation
of pleural fluid, impairment of fibrinolysis, and development
of residual fibrosis in TBPE. As prompted by the promising
effect of targeted therapy with antiangiogenic agents on out-
come of patients with metastatic colorectal cancer [35] and
neovascular age-related macular degeneration [36], further
preclinical and clinical trials are required to investigate the
potential use of targeting VEGF as a therapeutic strategy
adjunct to standard anti-TB treatment for TBPE.
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One of the causes of dental pulpitis is lipopolysaccharide- (LPS-) induced inflammatory response. Following pulp tissue
inflammation, odontoblasts, dental pulp cells (DPCs), and dental pulp stem cells (DPSCs) will activate and repair damaged tissue
to maintain homeostasis. However, when LPS infection is too serious, dental repair is impossible and disease may progress to
irreversible pulpitis.Therefore, the aimof this studywas to examinewhether staticmagnetic field (SMF) can attenuate inflammatory
response of dental pulp cells challenged with LPS. In methodology, dental pulp cells were isolated from extracted teeth. The
population of DPSCs in the cultured DPCs was identified by phenotypes and multilineage differentiation. The effects of 0.4 T
SMF on DPCs were observed throughMTT assay and fluorescent anisotropy assay. Our results showed that the SMF exposure had
no effect on surface markers or multilineage differentiation capability. However, SMF exposure increases cell viability by 15%. In
addition, SMF increased cell membrane rigidity which is directly related to higher fluorescent anisotropy. In the LPS-challenged
condition, DPCs treated with SMF demonstrated a higher tolerance to LPS-induced inflammatory response when compared to
untreated controls. According to these results, we suggest that 0.4 T SMF attenuates LPS-induced inflammatory response to DPCs
by changing cell membrane stability.

1. Introduction

Pulpitis is a disease caused by inflammation of dental pulp.
When such inflammation occurs, pressure inside pulp cavity
increases that cannot be dissipated by surrounding soft tissue
because pulp is surrounded by hard tissue [1]. Since pulp
contains blood vessels andnerves, pressure created by pulpitis
causes pain and creates difficulties for blood and nutrient
supply.

It is well known that pulp tissue is composed of immune
cells, ectomesenchymal cells, fibroblasts, preodontoblasts,
odontoblasts, and dental pulp stem cells (DPSCs) [2]. Of

these cells, DPSCs exhibit multipotent differentiation ability;
thus, tissue engineering study has gradually come to focus
on DPSCs [3, 4]. In addition, DPSCs were reported to have
excellent potential for dentin repair and tooth regeneration
[5]. Given this potential use in tissue engineering, investi-
gations into the treatment of bacterial induced pulpitis and
tooth preservation are increasingly important for regenera-
tive medicine. Until now, however, the only way to prevent
pain is by removing the pulp via root canal treatment or
tooth extraction. In this regard, several scholars have focused
their aimon investigating the immunoresponse ofDPSCs and
dental pulp cells (DPCs) [5–9].
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The gram-negative bacterial cell wall component lipo-
polysaccharide (LPS) is now well documented as an initiator
of pulpitis. Among gram-negative bacteria, Porphyromonas
gingivalis can be found in 48% of teeth with endodontic
infection [10]. In addition, Botero et al. demonstrated that
Porphyromonas endodontalis LPS induce cytokine expres-
sion in DPSCs and DPCs [7]. It is now known that the
coreceptor of LPS formed by the Toll-like receptor 4 (TLR4)
and CD14 is the binding site for signaling LPS-induced
cytotoxicity [11, 12]. Even though DPSCs and DPCs express
LPS receptors (TLRs) on their membrane surfaces [5, 7, 9], it
is hard to bring medicines to the infected pulp tissue because
these sites are surrounded by hard tissue. For the successful
regeneration of pulp tissue in a root canal, neutralizing
the adverse effects of residual LPS remains a challenge for
scientists [5].

Static magnetic fields (SMFs) are physical stimulators
that have anti-inflammatory effects on human macrophages
and lymphocytes [13, 14] and on cytokine release by human
peripheral blood mononuclear cells [15]. In an in vitro
study, Lin et al. found that long-term SMF exposure inhibits
LPS-induced cytotoxicity of fibroblasts [16]. Shen et al.
also found that SMF attenuates lipopolysaccharide-induced
neuroinflammatory response [17]. After an animal study,
Lin’s group showed for the first time that LPS-injected mice
that had been preexposed to an SMF exhibited significantly
better survival rates compared to unexposed control mice
[18]. All these studies suggest that SMF has the potential
to be an alternative stimulation source for controlling LPS-
induced inflammatory response. Nevertheless, no study has
yet investigated the anti-inflammatory effects of SMF on
dental pulp cells. The aim of this study was to test whether or
not SMF had attenuating effects on inflammatory response of
LPS stimulated dental pulp cells.

2. Materials and Methods

2.1. DPCs Isolation and Culture. Human dental pulp was
obtained from healthy wisdom teeth or orthodontically
extracted premolars under the approval of the TMU-Joint
Institutional Review Board. Freshly extracted teeth were
immediately cleaned with Dulbecco’s phosphate-buffered
saline and sent to the lab for storage in a culture medium.
The isolation method was modified from the outgrowth
method discussed in previous studies [19–21]. The crown
portions were separated using a sterile mortar and pestle
after PBS irrigation. Pulp tissue was extirpated with forceps
and sliced into small pieces with a scalpel. These small
prices of minced pulp tissues were then cultured on 3.5 cm
petri dishes using 𝛼-minimal essential medium (𝛼-MEM;
Gibco/Invitrogen, Grand Island, NY) supplemented with
15% FBS (Gibco/Invitrogen, Grand Island, NY), 100 𝜇M L-
ascorbic acid 2-phosphate (Sigma-Aldrich, St. Louis, MO),
and 1% antibiotic-antimycotic (Gibco/Invitrogen, Grand
Island, NY) at 37∘C in 5% CO

2
. Until reaching 70–80%

confluence, DPCs were further cultured in new 10 cm petri
dishes for further propagation.

Neodymium magnet 8.5 cm
width

13.5 cm long

(a)

Culture plate

1 cm thickness

(b)

Figure 1: Schematic representation of the static magnetic field
equipment setup. (a) Neodymium blocks 13.5 × 8.5 × 1 cmwere used
to provide a 0.4 T static magnetic field. (b)The 24-well culture plate
was placed directly on the north pole (on the base) of the magnetic
block.

2.2. SMF Equipment Setup and Exposure. A rectangular
neodymium magnetic block 8.5 cm wide, 13.5 cm long, and
1 cm thick (Figure 1) with a 0.4 T flux density was used in
our experiment to generate the SMF exposure environment.
For the experimental group, DPCs were seeded on 24-
well plates and placed on the north-pole surface of the
neodymium magnet block for SMF stimulation. For sham
groups, the cell culture dishes were placed on another similar
but nonmagnetized neodymium block.

2.3. DPSC Identification. To identify the DPSCs popula-
tion of the cultured DPCs, a set of surface markers were
determined and differential stimulation was performed. Cell
surface markers were labeled with corresponding antibodies
and analyzed by flow cytometry. The DPCs numbering 1 ×
105 were cultured on 10 cm petri dishes and placed on the
0.4 T magnetic block for a period of 5 days. Then cells were
collected and fixed with 75% ethanol at −20∘C overnight.
The fixed cells were incubated with the following fluorescent-
conjugated antibodies in PBS at 4∘C for 30 minutes: CD14
(AbD Serotec, NC, USA), CD34 (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA), CD29 (Exbio, Praha, Czech
Republic), CD73 (BD, Biosciences, Heidelberg, Germany),
CD90, CD105 (Biolegend, San Diego, CA, USA), and CD146
(Santa Cruz). The cell suspension was then analyzed by
flow cytometry (Guava EasyCyte Mini Base System, Guava
Technologies, Millipore, Hayward, CA, USA) and raw data
were analyzed by FlowJo software (TreeStar Inc., Ashland,
USA).

The differentiation induction method was performed
according to a previous published report [22]. Briefly, den-
tal pulp cell solutions with a concentration of 2 × 104
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cells/mL were cultured in 24-well plates for further dif-
ferential induction. The 24-well plates were placed on the
magnetized block or sham block for the whole culturing
period. At the same time, basal medium was changed to
osteogenesis, adipogenesis, and chondrogenesis induction
medium, respectively, and cultured for 1 month. During this
induction period, the cultured cell medium was changed
twice a week. For the osteogenesis stimulus, 1.8mMKH

2
PO
4

and 0.01 𝜇M dexamethasone were supplemented into the
complete culture medium. For the adipogenesis stimulus,
10 𝜇g/mL insulin, 0.5𝜇Mhydrocortisone, 500𝜇MIBMX, and
60 𝜇M indomethacin were supplemented into the culture
medium. For the chondrogenesis stimulus, 0.1 𝜇M dexam-
ethasone, 10 ng/mL TGF-𝛽, and 1mM sodium pyruvate were
added to the serum-free complete medium. Control cells
were cultured with basal medium on the magnetized or
nonmagnetized neodymium magnet for the whole experi-
mental period. At the end of the period, cells were fixed
with 4% paraformaldehyde and stained with 2%Alizarin Red
S, Oil Red O, and 1% Safranin O for calcium deposition,
intracellular lipid droplet, or glycosaminoglycan observation,
respectively. Stained cells were then washed with PBS several
times and observed under an optical microscope (Nikon
Eclipse TS100, Japan).

2.4. The Effect of 0.4 T SMF on DPC Proliferation. MTT
assays were performed to determine the effect of 0.4 T SMF
on DPC proliferation. Cell solutions with a concentration
of 2 × 104 cells/mL were seeded in two identical 24-well
plates and placed on the surface of either the magnetized
or nonmagnetized magnetic block for 5 days. Fifty 𝜇L of
tetrazolium salt (MTT) was added according to the supplier’s
instructions (MTT kit, Roche Applied Science, Mannheim,
Germany) every 24 hours. After standing for 4 hours, for-
mazan dye was solubilized by the addition of 500𝜇L dimethyl
sulfoxide (DMSO) and quantitated using a microplate reader
(Model 2020, Anthos Labtec Instruments, Wals, Austria) at
570/690 nm. The optical density (OD) absorbance value was
directly correlated to DPC number.

2.5. LPS Challenge to SMF-Exposed DPCs. To test the effect
of the SMF on LPS-induced inflammatory response of DPCs,
cells were starved in a serum-free medium for 12 hours.
After being washed with PBS, cells were incubated with
commercial Pseudomonas aeruginosa derived LPS (Sigma)
at serial diluted concentrations ranging from 600 𝜇g/mL to
0 𝜇g/mL. After 12 hours, the MTT assay was performed to
evaluate the viability of SMF-exposed and sham-exposed
cells. Further, the cell morphology of SMF-exposed or sham-
exposed LPS-challenged DPCs was observed with an optical
microscope (Nikon Eclipse TS100, Japan).

2.6. Membrane Fluidity Measurement by Fluorescent Ani-
sotropy. For the membrane fluidity test, 100 𝜇L cell solutions
with a concentration of 5 × 104 cells/mL were cultured in 96-
well black plates for 24 hours. Then the cells were placed in
the magnetic environments for an additional 8 hours. After
discarding the culturing medium, 100 𝜇L of 1 𝜇MTMA-DPH

or DPH was added to each well to label the cell membrane.
Then cells were analyzed with a multilabel plate reader.
Excitation and emission wavelengths were set at 355 nm and
430 nm, respectively. Fluorescent anisotropy was calculated
using the following equation [23]:

𝑟 =

(𝐼
‖
− 𝐼
⊥
)

(𝐼
‖
+ 2𝐼
⊥
)

, (1)

where 𝐼
‖
is fluorescence intensity measured through vertical

excitation and vertical emission polarization filters and 𝐼
⊥
is

the analogmeasured through vertical excitation and horizon-
tal emission polarization filters. Higher levels of fluorescent
anisotropy indicate a decrease in dye mobility and increase
in membrane structural order.

2.7. Statistical Analysis. The cell proliferation, cell viability,
and cell membrane fluorescent anisotropy data were pre-
sented using descriptive statistics. Comparisons of means
between SMF-exposed group and sham-exposed groupswere
performed using unpaired Student’s 𝑡-test. The significance
level was set at 𝑃 < 0.05.

3. Results

Cell surface markers were labeled with fluorescent-con-
jugated antibodies and analyzed by flow cytometry. The
results demonstrated that the CD markers of SMF-exposed
group were not different from previous published studies.
It is positive for CD29, CD73, CD90, CD105, and CD146
and negative for CD14 and CD34 (Figure 2). There were
high expression in CD29 (87.2%) and CD90 (95.7%) and
moderate expression in CD73 (48.3%), CD105 (30.9%), and
CD146 (30.1%), indicating that cells exhibit mesenchymal
stem cell-like phenotypes even after prolonged culturing in
SMF environment.

After culturing DPCs with the differentiation induction
medium, the cells were stained with Alizarin Red, Oil Red
O, and Safranin O. Observed under an optical microscope,
sporadic calcified nodules in osteogenesis cells (Figure 3),
intracellular lipid droplets in adipogenesis cells (Figure 4),
and glycosaminoglycan matrix around the chondrogenesis
cells (Figure 5) were found. The differentiation capability of
SMF-exposed group showed no obvious superiority to the
sham-exposed group, in neither osteogenesis, adipogenesis,
nor chondrogenesis induction.

The MTT assay showed significantly higher cell viability
(𝑃 < 0.001) for SMF-exposed DPCs compared to sham-
exposed cells (Figure 6). Cell viability increased up to 15% in
SMF-exposed groups during day 3 and day 4. That is, DPCs
exposed to a 0.4 T SMF demonstrated a higher proliferation
rate compared with the sham-exposed DPCs (Figure 7).
Cell viability of DPCs incubated with serial diluted LPS
concentrations for 12 hours was alsomeasured byMTT assay.
When DPCs were incubated with LPS with concentrations
of 400𝜇g/mL and 600𝜇g/mL, the tested optical densities
decreased to 96.66% and 68.32% of the control values,
respectively (Figure 7). However, the results showed that cell
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Figure 2: Flow cytometry histograms showed the DPSCs surface marker expressions after 0.4 T SMF exposure. Unstained control cells and
cells stained with antibodies against the surface proteins were overlapped. Brackets indicate the positive cell populations in percent.
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Figure 3: Results of Alizarin Red staining showed the calcified deposition in red.There were no significant differences between SMF-exposed
and sham-exposed cells after osteogenesis induction. Neither of noninduction controls had calcified deposition present.
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Figure 4: Oil Red O staining results showed the intracellular lipid droplets stained in red after adipogenesis induction. No significant
differences could be observed between SMF-exposed and sham-exposed DPCs after adipogenesis induction.

viability of LPS-challengedDPCs had significantly higherOD
value when cotreated with the 0.4 T SMF (𝑃 < 0.001). When
treated with 400𝜇g/mL and 600𝜇g/mL LPS, the optical
densities of SMF treated groups were 1.25 and 1.34 times
higher than sham-exposed DPCs.

The morphological changes in each experimental group
are presented in Figure 8. Sham-exposed DPCs were evenly
distributed and formed a continuous monolayer through-
out each well (Figure 8(a)). The SMF-exposed DPCs had
no obvious changes when compared with control group
(Figure 8(b)). Otherwise, more-rounded shape in cell form
and suspended debris was observed in the LPS-challenged
group (Figure 8(c)). Interestingly, LPS treatment caused less
cell pattern change and debris emergence when cells were
cotreated with 0.4 T SMF (Figure 8(d)).

There was no significant difference in fluorescent ani-
sotropy between SMF-exposed and sham-exposed cells when
labeled with TMA-DPH (Figure 9). However, the average
DPH fluorescent anisotropy of the exposed cells (0.14) was
significantly higher (𝑃 < 0.001) than the sham-exposed
group (0.11). The higher fluorescent anisotropy represents
the limited orientation of intercalated DPH. This result
suggests that 0.4 T SMF increased the order of hydrophilic
region of cell membrane and enhanced the rigidity of lipid
bilayer.

4. Discussion

It was reported that approximately 1% of pulp cells have
the potential to differentiate into odontoblast-like cells and
secrete proteins for forming dentin [24]. In this study,
immunostaining of various surface markers was performed
by flow cytometry. The identity of the DPSCs was confirmed
by negative expression of hematopoietic markers CD14 and
CD34 and positive expression of CD29, CD73, CD 105, and
CD146. In addition, the high expression of CD29, CD73,
CD90, and CD105 coincides with other studies [22, 25].Thus,
the DPC sample contain cells meeting criteria of DPSCs.

In 2010, Hsu and Chang reported that the response in
proliferation rates of rat dental pulp cells to SMF is insen-
sitivity [26]. They exposed these cells to a 290mT SMF and
found no visible change in cell proliferation rates. However,
their results showed that SMF can be an adjuvant to accelerate
the osteogenic differentiation and mineralization of cells
when rat dental pulp cells were cultured with an osteogenic
induction medium combined with SMF exposure [27]. In
this study, we found that continuous exposure to a 0.4 T SMF
does not affect themultidifferentiation capability of stem cells
(Figures 3–5). However, an increase in osteogenic differen-
tiation was not observed in this study. This is because the
SMFs were not provided during the osteogenic induction
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Figure 5: Safranin O staining results showed the glycosaminoglycan extracellular matrix around the cells in pink to red after chondrogenesis
induction. No significant differences could be observed between SMF-exposed and sham-exposed DPCs after adipogenesis induction.
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Figure 6: DPC cell grown after prolonged culturing in an SMF
environmentwas enhanced. Cell viability of the SMF-exposed group
was significantly higher than the sham-exposed group (𝑃 < 0.001)
at day 3 and day 4.

process. Again, enhancement of the proliferation of SMF-
exposed human DPCs was found in this study; viability of
SMF-exposed cells was 15% higher when compared with
sham-exposed cells after 3 days of culturing.
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Figure 7: The effect of SMF on the LPS-induced cell viability
changes to DPCs. Pretreatment with a 0.4 T SMF significantly
attenuated the inflammatory response of LPS.

The aim of this study was to investigate whether or not
SMFs reduced the toxicity effect of LPS when added to DPCs.
LPS was found in apical tissues as well as root canals during
endodontic infection [27, 28]. Previous studies reported that
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Figure 8: Representation of the optical microscope images of DPC cultures. (a) Sham-exposed DPCs showed fusiform to polygonal shape
in a monolayer distribution. (b)There was no difference in cell shape or growth pattern in DPCs exposed to 0.4 T SMF. (c) When challenged
with LPS, cell shape changed from fusiform to round, and much suspended debris appeared. (d) However, LPS-challenged DPCs cotreated
with 0.4 T SMF had a lower level of shape disorder and suspended debris.

this molecule is potentially harmful to host cells as a toxin
and as an immune stimulant [5, 28]. Our data also shows
that LPS has a toxic effect on DPCs in a dose-dependent
manner (Figure 7). Interestingly, however, cell viability of
the LPS-challenged DPCs exposed to a 0.4 T SMF was 25%
higher than that of the sham-exposed group (Figure 7).These
results can be compared with the microscopic observations
(Figure 8), which show that development of endotoxin
tolerance in the dental pulp cells occurred after 12 hours
of continuous 0.4 T SMF exposure. This effect may result
from the reduction of proinflammatory cytokine release and
increase of anti-inflammatory cytokine release by fibroblasts.

Several studies suggest thatDPCs are involved in immune
response during pulpal infection through the activation of IL-
1 [5–7, 29]. Lin et al. found that long-term continuous expo-
sure to a static magnetic field reduces lipopolysaccharide-
induced inflammatory response of fibroblasts by increas-
ing the production of IL-1 receptor antagonist [18]. It was
reported that the plasmamembrane is the primary site where
SMF effect is seen [30, 31]. This effect can also be found
in DPCs. Lin et al. used SMFs to improve DPC membrane
stability which resulted in a reduction in damage caused
by ice crystals during a freezing procedure [32]. In this
study, after exposure to a 0.4 T SMF, the DPC membrane
fluorescence anisotropy was significantly higher than in
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Figure 9: Comparison of fluorescent anisotropy change in DPCs
exposed to 0.4 T SMF. Higher fluorescent anisotropy of SMF-
exposed cells was found when labeled with DPH.

the sham-exposed group (Figure 9). These results are consis-
tent with previous studies which also found that 0.4 T SMF
increases cell membrane rigidity of MG-63, microglia cells,
and red blood cells [17, 33–35]. Since phospholipids can be
oriented by external magnetic fields when they are exposed
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to flux densities exceeding a certain threshold [36–38], dental
pulp cellmembranes can be altered and the binding capability
between LPS and its cross membrane receptor, Toll-like
receptor 4, can also be changed.

Based on these findings, it appears reasonable to suggest
that SMF stimulation inhibits LPS-induced inflammatory
response of dental pulp cells. Moreover, SMF exposure can
also enhance the proliferation of dental pulp cells in the later
days. Therefore, although more advanced studies are needed,
we suggested that SMF can be a possible choice to be used in
clinical practice to treat LPS infected dentine-pulp complex.
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Proinflammatory cytokines are key inflammatory mediators in periodontitis. This study aimed to investigate the relationship
between proinflammatory cytokines in saliva and periodontal status. To investigate the usefulness of cytokines in the therapeutic
approach for periodontal disease, the relationship between stimulated cytokine changes and the periodontitis treatment outcome
was investigated in this study. Saliva was obtained from 22 patients diagnosed by dentists as having chronic periodontitis. The
proinflammatory cytokine (interleukin-1𝛼 (IL-1𝛼), interleukin-1𝛽 (IL-1𝛽), interleukin-6 (IL-6), interleukin-8 (IL-8), tumor necrosis
factor𝛼 (TNF-𝛼), and tumornecrosis factor𝛽 (TNF-𝛽)) levelswere determinedusing a commercially available kit.The IL-1𝛽 and IL-
6 levels increased, whereas the TNF-𝛽 levels decreased with the severity of periodontitis (4mmpocket percentage). Poststimulation
IL-1𝛼, IL-6, and IL-8 levels were higher in patients who had an improved treatment outcome. The differences of IL-6 levels (cut
point: 0.05 𝜇g/g) yielded a sensitivity and specificity of 90.0% and 81.82%, respectively, for predicting the periodontitis treatment
outcome.Among the proinflammatory cytokines, stimulated IL-6was an excellentmarker for predicting the periodontitis treatment
outcome.

1. Introduction

Periodontal disease is a localized inflammatory disorder in
which periodontal pathogens escape the host immunological
defense system, leading to tissue destruction and bone loss
[1, 2]. Current knowledge suggests that periodontal patho-
genesis is a mixed host response to dental bacterial biofilms
and proinflammatory mediators [3]. A balance of these
proinflammatory mediators and the host immune response
can determine the effectiveness of a clinical treatment for
periodontal disease.

These proinflammatory mediators are activated when
bacterial biofilms accumulate in the gingival area of the teeth.
In vitro studies have shown that proinflammatory cytokines
(interleukin-1𝛼 (IL-1𝛼), interleukin-1𝛽 (IL-1𝛽), interleukin-6
(IL-6), interleukin-8 (IL-8), tumor necrosis factor 𝛼 (TNF-𝛼),
and tumor necrosis factor 𝛽 (TNF-𝛽)) production increased
when human gingival fibroblasts were stimulated by Porphy-
romonas gingivalis (P. gingivalis) [4], which also stimulated
periodontal ligament stem cells to produce IL-1𝛽, IL-6,
and IL-8 [5]. These proinflammatory cytokines can both
potentially influence the progression of periodontal disease
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and be a novel therapeutic target for chronic periodontitis
treatment.

Periodontitis is a type of inflammatory disease with
risk factors including periodontal pathogens, the lifestyle,
psychosocial factors, chronic diseases, and genetic factors
[6]. Recent epidemiological studies have reported that proin-
flammatory cytokines are associated with periodontitis [7, 8].
Salivary IL-1𝛽 levels increase with the severity of periodon-
titis [9]. Interleukin-6 correlates with the presence of peri-
odontitis; however, the TNF-𝛼 levels do not differ between
periodontitis cases and healthy subjects [10]. Although proin-
flammatory cytokines are related to periodontitis, no study
has yet investigated whether these cytokines interact or
influence periodontitis outcomes.

Osteoclastogenesis is a key process leading to clinical
periodontitis outcomes. Proinflammatory cytokines (IL-1𝛼,
IL-1𝛽, IL-6, IL-8, TNF-𝛼, and TNF-𝛽) are associated with
osteoclastogenesis [11]. These proinflammatory cytokines
decreasing had reflected the clinical efficacy of periodontitis
treatment [12].The levels of these proinflammatory cytokines
decrease when patients show clinical improvements during
periodontal treatment [10].

Scaling is a part of periodontal disease treatment. Scaling,
involving the thorough mechanical debridement of dental
calculus, not only is a treatment for periodontal disease
but also stimulates gingival tissue. Studies have shown that
low intensity pulsed ultrasound activates the cell growth
signaling pathway and stimulates human circulating angio-
genic cells, which release endothelial nitric oxide synthase
[13, 14].The proinflammatory cytokine expression in gingival
tissues increases with the severity of inflammation [15]. This
study hypothesized that a scaling-stimulated change in the
proinflammatory cytokine profile is related to periodontitis
treatment effectiveness. The study aimed to investigate the
relationship between salivary proinflammatory cytokines
and periodontal status. The relationship between scaling-
stimulated changes in proinflammatory cytokines and peri-
odontal treatment effectiveness is evaluated in this study.

2. Material and Methods

2.1. Saliva and Clinical Data Collection. Saliva was col-
lected from 22 systemically healthy patients with chronic
periodontitis (at least 6 pockets with pocket depths (PDs)
of >5mm and more than 16 functional teeth) over a 6-
month period (October 2011 to March 2012) at Cathay
General Hospital Dental Department. Before conducting
interviews and collecting samples, written informed consent
was obtained from all subjects. Structured questionnaires
were distributed by an experienced assistant who obtained
data related to socioeconomic, demographic, and lifestyle
characteristics through personal interviews. The study com-
plied with the World Medical Association Declaration of
Helsinki and was approved by the Cathay General Hospital
Institutional Review Board.

Periodontal diagnostic criteria were based on the classi-
fication of the American Academy of Periodontology [16].
Each patient received periodontal examination and treatment

from the same dental clinician. The PD was evaluated as
the distance between the gingival margin and the bottom
of the sulcus/pocket and was assessed at 6 sites. Salivary
samples were collected before and after patients received
scaling. Subsequently, the patients completed the nonsurgical
periodontal treatment procedure. Patients were regarded
as part of the nonprogress (NP) treatment group when
differences in >7 mm PD percentage increased between the
initial clinical treatment and after the completion of 4 weeks
of clinical treatment (𝑁 = 12). The remaining 10 patients
were regarded as part of the effective treatment (ET) group
(𝑁 = 10).

2.2. Saliva Preparation and Proinflammatory Cytokine Deter-
mination. We described the details of saliva collection in
a previous paper [17]. In brief, saliva was collected using
sterilized gauze pieces from the buccal and sublingual areas
and recovered through centrifugation (1000 rpm, 3min). At
least 2mL of unstimulated saliva was collected in each tube.
The tubeswere stored at−20∘Cand analyzedwithin 2months.
Proinflammatory cytokine (IL-1𝛼, IL-1𝛽, IL-6, IL-8, TNF-
𝛼, and TNF-𝛽) levels were determined using a Human 22-
plex multicytokine detection system (catalog number 48-
011; Millipore, Billerica, MA, USA) and analyzed using a
Luminex 100 system (Luminex Inc.). To consider changes
in the salivary volume, we used the total protein level for
adjustment while expressing the proinflammatory cytokines.
The total protein level was evaluated using the Bradford
test and spectrophotometric methods. The differences in
proinflammatory cytokines were calculated by subtracting
baseline salivary cytokine levels from scaling-stimulated
salivary cytokines levels.

2.3. Statistical Analysis. Data were analyzed using SAS 9.3
software (SAS, Cary, NC, USA). Because the salivary proin-
flammatory cytokines in this study were not normally dis-
tributed, a nonparametric test was used for the data analysis.
Demographic characteristics and baseline clinical data for
the NP and ET groups were analyzed using Fisher’s exact
test. Differences in continuous parameters between the NP
and ET groups were analyzed using the Mann-Whitney 𝑈
test. The correlation strength of proinflammatory cytokines
before and after the scaling stimulation was determined
using Spearman’s rank correlation. To evaluate the accuracy
of detecting periodontitis treatment effectiveness, receiver
operating characteristic (ROC) curves and areas under the
curve (AUC), based on the levels of these proinflammatory
cytokines, were calculated. Probability levels of <0.05 were
considered significant.

3. Results

Baseline clinical parameters, demographics, and conven-
tional periodontitis risk factors of the treatment outcome
group are shown in Table 1. No statistical differences existed
in demographic characteristics or conventional periodontitis
risk factors between the NP and ET groups. Table 2 shows
a comparison of the baseline cytokine levels between the
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Table 1: Demographic characteristics and conventional periodonti-
tis risk factors of study subjects by treatment outcome strata.

NP group
(𝑁 = 12)

ET group
(𝑁 = 10) 𝑃 value

Median (Q1–Q3)

Age, years 61.5
(46–71)

56.0
(44–60) 0.37a

Distribution of subjects 𝑁 (%) 𝑁 (%)
Gender 0.63b

Male 5 (41.67) 4 (40.00)
Female 7 (58.33) 6 (60.00)

Education 0.41b

High school 4 (33.33) 2 (20.00)
University or above 8 (66.67) 8 (80.00)

Smoking 0.22b

Nonsmokers 10 (83.33) 6 (60.00)
Smokers 2 (16.67) 4 (40.00)

Alcohol consumption 0.71b

Never or occasional 11 (91.67) 9 (90.00)
Regular 1 (8.33) 1 (10.00)

Betel nut chewing 0.19b

Nonchewer 12 (100.00) 8 (80.00)
Chewer 0 (0.00) 2 (20.00)

Dental visiting pattern 0.96b

Regular visits (<1 year) 8 (66.37) 9 (90.00)
Irregular visits (≥1 year) 4 (33.33) 1 (10.00)

Tooth cleaning frequency 0.97b

<2 times/day 1 (8.33) 3 (30.00)
≥2 times/day 11 (91.67) 7 (70.00)

aMann-Whitney 𝑈 test.
bFisher’s exact test.
NP group: nonprogress treatment group.
ET group: effective treatment group.

Table 2: Baseline proinflammatory cytokine profiles of study
subjects by treatment outcome strata.

NP group (𝑁 = 12) ET group (𝑁 = 10)
𝑃 valuea

Median (Q1–Q3)
IL-1𝛼 120.18 (12.58–167.16) 67.97 (52.3–190.12) 0.97
IL-1𝛽 28.55 (3.15–119.49) 5.99 (0.18–14.8) 0.07
IL-6 5.21 (1–9.46) 1.24 (0.78–4.24) 0.15
IL-8 125.68 (50.05–184.49) 50.8 (16.9–138.74) 0.19
TNF-𝛼 0.00 (0.00–0.11) 0.10 (0.00–0.12) 0.18
TNF-𝛽 0.18 (0.16–0.21) 0.21 (0.17–0.23) 0.19
aMann-Whitney U test.

NP and ET groups. No statistical differences existed in the
baseline cytokine levels between the 2 groups. Table 3 shows
the correlations between baseline salivary proinflammatory

cytokines in patients with periodontitis. Baseline salivary IL-
1𝛽was significantly correlated with baseline IL-1𝛼, IL-6, IL-8,
and TNF-𝛽; the correlation coefficients were 0.46, 0.72, 0.60,
and −0.46, respectively.

The scatter plots in Figure 1 show that proinflammatory
cytokines and 4–6 mm pocket percentages are representative
of the severity of periodontitis. The 𝛽 values of IL-1𝛽 and
IL-6 were 2.04 and 0.34, respectively, indicating that these
2 proinflammatory cytokines significantly increased with the
severity of periodontitis. TNF-𝛽 significantly decreased with
the baseline percentages of 4–6 mm pockets (𝛽 value =
−0.0057 and 𝑃 = 0.02).

To investigate the correlation between baseline and
scaling-stimulated proinflammatory cytokines, the correla-
tion coefficients between baseline and stimulated salivary
cytokines in patients with periodontitis were calculated
(Table 4). A positive correlation existed between baseline IL-
1𝛼 and stimulated IL-1𝛼 (𝑟 = 0.66 and 𝑃 < 0.01). The
correlation between baseline IL-1𝛽 and stimulated IL-1𝛽 was
also positive (𝑟 = 0.44 and 𝑃 = 0.0.4). Stimulated IL-6 was
significantly correlated with baseline IL-1𝛼, IL-1𝛽, IL-6, and
TNF-𝛼; the correlation coefficients were 0.63, 0.47, 0.60, and
−0.48, respectively.

The relationship between proinflammatory cytokine dif-
ferences and the clinical treatment outcome is shown in
Table 5. The differences in IL-1𝛼, IL-6, and IL-8 were signif-
icantly higher in the ET group than in the NP group. The
median IL-1𝛽 differences were −28.38 and −0.13 𝜇g/g in the
NP and ET groups, respectively. A negative median value
means that the cytokine decreased after scaling. The IL-1𝛽
difference was larger in the ET group than that in the NP
group.

To evaluate the accuracy of predicting the periodontitis
treatment outcome, ROC curves and AUC, based on the
difference in proinflammatory cytokines, were calculated
(Figure 2). The AUCs of IL-1𝛼, IL-1𝛽, IL-6, IL-8, TNF-𝛼, and
TNF-𝛽were 0.79, 0.76, 0.92, 0.79, 0.49, and 0.60, respectively.
The differences of IL-6 levels (cut point: 0.05 𝜇g/g) yielded a
sensitivity and specificity of 90.0% and 81.82%, respectively,
for predicting the periodontitis treatment outcome. Thus,
the IL-6 difference is an effective marker for predicting the
periodontitis treatment outcome.

4. Discussion

Inflammatory responses protect cells against periodonto-
pathic bacteria [18, 19]. Bacterial DNA can activate inflamma-
tory cytokine production [20]. Proinflammatory cytokines
play a vital role in bone remodeling modulation [21]. High
baseline cytokine levels could affect the effect of treatment.
The baseline proinflammatory cytokines were not signif-
icantly different between the NP and ET groups in this
study. Although differences in TNF-𝛼 and TNF-𝛽 were not
correlated with the periodontal disease treatment outcome,
differences in IL-1𝛼, IL-1𝛽, IL-6, and IL-8 were significantly
higher in the ET group in this study. These results imply that
scaling stimulated IL-1𝛼, IL-6, and IL-8 and that IL-1𝛽 may
be useful as a treatment progress biomarker of periodontitis.
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Table 3: Correlation between baseline salivary proinflammatory cytokines in patients with periodontitis.

Baseline
Baseline

IL-1𝛼 IL-1𝛽 IL-6 IL-8 TNF-𝛼 TNF-𝛽
Correlation coefficients (𝑃 value)

IL-1𝛼 1.00

IL-1𝛽 0.46∗ 1.00
(0.03)

IL-6 0.26 0.72∗∗ 1.00
(0.26) (0.0002)

IL-8 0.32 0.60∗∗ 0.43 1.00
(0.16) (0.0043) (0.05)

TNF-𝛼 −0.14 −0.38 −0.33 0.00 1.00
(0.55) (0.09) (0.14) (1.00)

TNF-𝛽 −0.42 −0.46∗ −0.41 −0.07 0.56 1.00
(0.06) (0.04) (0.07) (0.77) (0.01)

∗

𝑃 < 0.05.
∗∗

𝑃 < 0.01.

Table 4: Correlation between baseline and stimulated salivary proinflammatory cytokines in patients with periodontitis.

Stimulated
Baseline

IL-1𝛼 IL-1𝛽 IL-6 IL-8 TNF-𝛼 TNF-𝛽
Correlation coefficients (𝑃 value)

IL-1𝛼 0.66∗∗ 0.37 0.38 0.02 −0.4 −0.35
(0.001) (0.1) (0.09) (0.93) (0.08) (0.12)

IL-1𝛽 0.42 0.44∗ 0.31 0.08 −0.36 −0.28
(0.06) (0.04) (0.17) (0.72) (0.1) (0.22)

IL-6 0.63∗∗ 0.47∗ 0.60∗∗ 0.26 −0.48∗ −0.41
(0.002) (0.03) (0.004) (0.26) (0.03) (0.07)

IL-8 0.38 0.22 0.14 0.25 −0.30 −0.18
(0.09) (0.34) (0.53) (0.27) (0.18) (0.43)

TNF-𝛼 0.29 0.25 0.03 −0.001 −0.26 −0.12
(0.21) (0.28) (0.90) (1.00) (0.26) (0.61)

TNF-𝛽 −0.02 −0.24 −0.46 −0.14 0.27 0.32
(0.92) (0.29) (0.03) (0.54) (0.24) (0.16)

∗

𝑃 < 0.05.
∗∗

𝑃 < 0.01.

Table 5: Difference in proinflammatory cytokines between patients with and without clinical treatment progress.

Difference in
proinflammatory cytokines

NP group (𝑁 = 12) ET group (𝑁 = 10)
𝑃 valuea

Median Q1–Q3 Median Q1–Q3
IL-1𝛼 −11.97 −39.08–45.53 142.70 37.5–188.77 0.02
IL-1𝛽 −28.38 −118.3–2.99 −0.13 −14.53–0.86 0.04
IL-6 −0.72 −7.19–0.05 3.33 2.76–10.18 0.0014
IL-8 −87.31 −133.23–−38.42 7.84 −51.79–64.65 0.02
TNF-𝛼 0.11 0.00–1.02 0.41 −0.11–1.47 0.97
TNF-𝛽 −0.01 −0.04–0.08 0.01 −0.02–0.16 0.45
aMann-Whitney 𝑈 test.
NP group: nonprogress treatment group.
ET group: effective treatment group.
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Figure 1: Scatter plots of baseline proinflammatory cytokines and 4–6 mm pocket percentages (before treatment) in patients with chronic
periodontitis. (a) Interleukin-1𝛼 (IL-1𝛼). (b) Interleukin-1𝛽 (IL-1𝛽). (c) Interleukin-6 (IL-6). (d) Interleukin-8 (IL-8). (e) Tumor necrosis
factor 𝛼 (TNF-𝛼). (f) Tumor necrosis factor 𝛽 (TNF-𝛽).

Biologically active pro-IL-1𝛼 and pro-IL-1𝛽 are both
synthesized in the cytoplasm and cleaved by other proteins
to generate IL-1𝛼 and IL-1𝛽, respectively [22]. Interleukin-1𝛼
located in the membrane acts as an intracellular transcrip-
tional regulator; IL-1𝛽 regulates innate immunity and stimu-
lates connective tissue turnover [23]. P. gingivalis produced
IL-1𝛽 in human periodontitis tissue and in a periodontitis
activation animal model [24]. Salivary IL-1𝛽 is significantly
higher in patients with severe periodontitis than in healthy
controls; however, IL-1𝛽 does not differ between patients
with mild periodontitis and healthy controls [9]. In this
study, baseline salivary IL-1𝛽 increased significantly with the
severity of periodontitis. The IL-1𝛽 difference was larger in

the ET group than that in the NP group. For predicting
periodontitis treatment outcomes, scaling-stimulated IL-1𝛽 is
a superior biomarker than pretreatment salivary IL-1𝛽.

Interleukin-6 has pleiotropic properties because it shares
a common signaling pathway with the signal transducer
glycoprotein 130 [25, 26]. For nonchallenged status, IL-6 was
higher in gingival fibroblasts than in periodontal ligament
fibroblasts; when challenged by P. gingivalis, the gingival
fibroblasts of 4 of 6 subjects induced more IL-6 than did
periodontal ligament fibroblasts [27]. Recent studies have
shown that IL-6 is significantly higher in patients with
chronic periodontitis than in healthy controls [8, 28]. Teles
et al. showed that salivary IL-6 was lower in patients with
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Figure 2: Receiver operating characteristic (ROC) curve and area
under the curve (AUC) of proinflammatory cytokines for predicting
the treatment outcome.

chronic periodontitis than in healthy subjects; however, no
statistical differences were found between the patients with
chronic periodontitis and healthy subjects [29]. According
to these reports, IL-6 may not be used as a biomarker for
the diagnosis of periodontitis. In this study, the AUC of the
difference in IL-6 after scaling was 0.90, suggesting that the
difference in IL-6 is an effective biomarker for predicting the
periodontitis treatment outcome.

Comparedwith the gingival fibroblast tissue fromhealthy
subjects, that from periodontal disease patients produced
higher IL-1 before and after P. gingivalis challenge and
pretreating gingival fibroblasts with IL-1𝛼 enhanced IL-6
production [30]. Previous studies have shown significant
correlations between IL-6 and IL-1𝛽 (𝑟 = 0.94) or IL-8
(𝑟 = 0.96) in gingival fibroblasts and periodontal ligament
fibroblasts (𝑟 = 0.83 for IL-6 and IL-1𝛽; 𝑟 = 0.93 for
IL-6 and IL-1𝛽) [27]. In this study, significant correlations
were also observed between salivary IL-6 and IL-1𝛽 (𝑟 =
0.72 and 𝑃 < 0.01) of patients with periodontitis. Salivary
IL-1𝛽 and IL-6 significantly increased with the severity
of periodontitis. These two proinflammatory cytokines are
sensitive to pathogen infection and can reflect the severity of
periodontitis.

Studies have also revealed that an increase in the gene
expression of IL-1𝛽, IL-6, IL-8, and TNF-𝛼 occurs in response
to a P. gingivalis challenge in primary human gingival
fibroblasts and periodontal ligament fibroblasts, whereas
the normal T cell expression and secretion are regulated.
The responsiveness of fibroblasts from different donors is
similar; this may be useful in determining the vulnerability
to periodontitis [27]. An in vitro study showed that a P.
gingivalis challenge can enhance IL-8 but not IL-6 production
in human gingival fibroblasts, suggesting that IL-6 and IL-8
are produced via different pathways [4]. Scaling-stimulated
IL-6 was significantly correlated with baseline IL-1𝛼, IL-1𝛽,
IL-6, IL-8, and TNF-𝛼. Interleukin-6 has proinflammatory
properties and is involved in numerous acute inflammatory
and pathologic processes, such as the promotion of bone

resorption [22].Moreover, IL-6 is emerging as a crucialmedi-
ator and a novel therapeutic target for chronic inflammatory
diseases and cancer [7].

The limitation of this study is that saliva specimens after
treatment could not be collected for all of the subjects; the
specimens of only 15 subjects were collected after comple-
tion of the periodontal treatment. Hence, the collection of
specimens after treatment was incomplete and those speci-
mens had not been used to determine the proinflammatory
cytokines because of financial reasons. In this study, the
significance of the cytokine changes after treatment could
not be investigated in depth. In addition, proinflammatory
cytokines significantly increased with the severity of peri-
odontitis, and stimulated IL-6 was found to be an effective
marker for predicting the periodontitis treatment outcome.
It would be useful to further investigate IL-6 as a novel
therapeutic target for improving periodontitis treatment
efficacy in future studies.
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Antrodia camphorata is a rare Taiwanese medicinal mushroom. Antrodia camphorata extract has been reported to exhibit
antioxidant, anti-inflammation, antimetastasis, and anticancer activities and plays a role in liver fibrosis, vasorelaxation,
and immunomodulation. Critical vascular inflammation leads to vascular dysfunction and cardiovascular diseases, including
abdominal aortic aneurysms, hypertension, and atherosclerosis. Platelet activation plays a crucial role in intravascular thrombosis,
which is involved in a wide variety of cardiovascular diseases. However, the effect of Antrodia camphorata on platelet activation
remains unclear. We examined the effects of Antrodia camphorata on platelet activation. In the present study, Antrodia
camphorata treatment (56–224 𝜇g/mL) inhibited platelet aggregation induced by collagen, but not U46619, an analogue of
thromboxane A

2
, thrombin, and arachidonic acid. Antrodia camphorata inhibited collagen-induced calcium (Ca2+) mobilization

andphosphorylation of protein kinaseC (PKC) andAkt. In addition,Antrodia camphorata significantly reduced the aggregation and
phosphorylation of PKC in phorbol-12, 13-dibutyrate (PDBu) activated platelets. In conclusion, Antrodia camphorata may inhibit
platelet activation by inhibiting of Ca2+ and PKC cascade and the Akt pathway. Our study suggests that Antrodia camphoratamay
be a potential therapeutic agent for preventing or treating thromboembolic disorders.

1. Introduction

Antrodia camphorata is a rare Taiwanese medicinal mush-
room that is popularly known as “niu cheng zhi” in Tai-
wan [1]. Antrodia camphorata has been used in traditional
Chinese medicine to treat food poisoning, drug intoxi-
cation, diarrhea, abdominal pain, hypertension, skin irri-
tation, and cancer [2]. Studies have identified bioactive

compounds of Antrodia camphorata, including polysaccha-
rides, maleic/succinic acid derivatives, triterpenoids, ben-
zenoids, and benzoquinone derivatives [3, 4]. In addition,
Antrodia camphorata was reported to induce apoptosis in
SKOV-3 cells through ROS generation, loss of HER-2/neu
activation, and suppression of its downstream signaling
pathways, including the PI3K/Akt cascade [5]. In addition,
Antrodia camphorata inhibited lipopolysaccharide- (LPS-)
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induced NO production in macrophages [6]. Recent stud-
ies have reported that Antrodia camphorata is involved
in various biological activities, including antioxidant, anti-
inflammation, antimetastasis, and anticancer activities aswell
as liver fibrosis, vasorelaxation, and immunomodulation [7–
9].

Critical vascular inflammation leads to vascular dysfunc-
tion and cardiovascular diseases, including abdominal aortic
aneurysms, hypertension, and atherosclerosis. Intravascular
thrombosis is involved in a wide variety of cardiovascular
diseases (CVDs). Intraluminal thrombosis is believed to be
initiated by platelet adherence and aggregation. Thus, in
addition to mediating hemostasis, platelet aggregation may
play a crucial role in atherothrombotic processes [10].

Blood platelet activation and aggregation constitute a
common denominator in atherothrombotic events and vari-
ous inflammatory diseases. Platelets have been viewed exclu-
sively as mediators of thrombosis and hemostasis, but a study
recently indicated that they play key roles in inflammation
and immunity [11]. Therefore, the use of antiplatelet agents
to treat thromboembolic diseases (myocardial infarction,
ischaemic stroke, and vascular death) warrants investigation.
During a preliminary study, we observed that Antrodia
camphorate at 224𝜇g/mL inhibited the collagen-induced
aggregation of washed human platelets. The influence of
Antrodia camphorata onplatelet activation has yet to be inves-
tigated thoroughly. We systematically examined the effects of
Antrodia camphorata on human platelets and characterized
the detailed mechanisms of Antrodia camphorata-mediated
inhibition of platelet activation.

2. Materials and Methods

2.1. Plant Material. Crude extracts of Antrodia camphorata
(70%) were provided by Well Shine Biotechnology Develop-
ment Co., Pvt. Ltd., Taipei, Taiwan.

2.2. Materials. Type I collagen and phorbol-12, 13-dibutyrate
(PDBu) were purchased from Sigma (St Louis, MO). Fura
2-AM was purchased from Molecular Probe (Eugene, OR).
The anti-Akt (pan) (40D4) monoclonal antibody (mAb),
anti-phospho-Akt (Ser473) polyclonal antibody (pAb), anti-
phospho-(Ser) protein kinase C (PKC) substrate pAb, anti-
phospho-p38 mitogen-activated protein kinase (MAPK)
(Thr180/Tyr182) pAb, anti-p38 MAPK (5F11) mAb, anti-
phospho-p44/42 MAPK (ERK1/2) (Thr202/Tyr204) pAb, anti-
p44/42MAPK (137F5) mAb, anti-phospho-c-Jun N-terminal
kinse (JNK) (Thr183/Tyr185) mAb, and anti-JNK pAb were
purchased from Cell Signaling (Beverly, MA). The anti-𝛼-
tubulin mouse mAb was purchased from Thermo Scientific
(Waltham, MA). The Hybond-P polyvinylidene difluoride
(PVDF) membrane, an enhanced chemiluminescence (ECL)
western blotting detection reagent, a horseradish-peroxidase
(HRP)-conjugated donkey anti-rabbit IgG, and a sheep anti-
mouse IgG were purchased from Amersham (Bucking-
hamshire, UK).

2.3. Platelet Aggregation Assay. Our study was approved by
the Institutional Review Board of Taipei Medical University
and conformed to the directives of the Helsinki Decla-
ration. All human volunteers provided informed consent.
Human platelet suspensions were prepared as described in
a previous report [10]. Blood was collected from healthy
human volunteers who had taken no medication during the
preceding 2weeks, and the blood samples were mixed with
acid-citrate-dextrose solution. After centrifugation at 120 g
for 10min, the supernatant (platelet-rich plasma; PRP) was
supplemented with PGE

1
(0.5 𝜇M) and heparin (6.4 IU/mL)

and then incubated for 10min at 37∘C and centrifuged at
500 g for 10min. The platelet pellets were suspended in 5mL
of Tyrode’s solution, pH 7.3 [containing (mM) NaCl 11.9,
KCl 2.7, MgCl

2
2.1, NaH

2
PO
4
0.4, NaHCO

3
11.9, and glucose

11.1]; then apyrase (1.0U/mL), PGE
1
(0.5 𝜇M), and heparin

(6.4 IU/mL) were added, and the mixture was incubated
for 10min at 37∘C. After centrifugation of the suspensions
at 500 g for 10min, the washing procedure was repeated.
The washed platelets were suspended in Tyrode’s solution
containing 3.5mg/mL of bovine serum albumin (BSA), and
the final Ca2+ concentration in the solvent of the suspensions
was adjusted to 1mM.

A Lumi-Aggregometer (Payton Associates, Scarborough,
ON, Canada) was used to measure platelet aggregation as
described in a previous report [10]. Platelet suspensions (3.6×
108 cells/mL) were preincubated withAntrodia camphorata at
various concentrations or a solvent control (0.5% DMSO) for
3min before agonists were added under a stirring condition.
The reaction was allowed to proceed for 6min, and the extent
of aggregation was expressed in light transmission units.

2.4. Measurement of Platelet-Relative Ca2+ Mobilization by
Using Fura 2-AM Fluorescence. After centrifugation of the
citrated whole blood at 120×g for 10min, the supernatant
was incubated with 5 𝜇M Fura 2-AM for 1 h with constant
stirring condition. As described above, human platelets were
then prepared. Finally, the external Ca2+ concentration of
the platelet suspensions was adjusted to 1mM. The relative
Ca2+ mobilization was measured using a CAF 110 fluores-
cence spectrophotometer (Jasco, Tokyo, Japan) at excitation
wavelengths of 340 and 380 nm and an emission wavelength
of 500 nm as described in a previous report [12].

2.5. Immunoblotting. Washed platelets (1.2 × 109 cells/mL)
were preincubated with 112, 224, or 448 𝜇g/mL of Antrodia
camphorata or a solvent control for 3min, and agonists were
added to trigger platelet activation under a stirring condition.
After the reaction was stopped, platelets were immediately
resuspended in 200 𝜇L of lysis buffer. Samples containing
80 𝜇g of protein were separated on a 12% acrylamide gel
by performing sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), and the proteins were electro-
transferred through semidry transfer (Bio-Rad, Hercules,
CA). The blots were blocked with TBST (10mM Tris-base,
100mM NaCl, and 0.01% Tween 20) containing 5% BSA
for 1 h and then probed with various primary antibodies.
Membranes were incubated with an HRP-linked anti-mouse
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Figure 1: Effects of Antrodia camphorata on the regulation of platelet aggregation and calcium mobilization in washed human platelets.
Washed platelets (3.6 × 108 cells/mL) were preincubated with a solvent control (DMSO, 0.05%) or 56–224 𝜇g/mL ofAntrodia camphorata, and
1 𝜇g/mL of collagen was subsequently added to trigger (a) platelet aggregation and (b) relative Ca2+ mobilization. Profiles are representative
examples of 3 independent experiments.

IgG, anti-goat IgG, or anti-rabbit IgG (diluted 1 : 3000 in
TBST) for 1 h. Immunoreactive bands were detected using an
enhanced ECL system. Ratios of the semiquantitative results
were obtained by scanning the reactive bands and quantifying
the optical density by using a video densitometer and the Bio-
light, Version V2000.01, computer software (Bioprofil,Vilber
Lourmat, France).

2.6. Data Analysis. The experimental results are expressed
as the mean ± SEM and are accompanied by the number
of observations (𝑛). Values of 𝑛 refer to the number of
experiments, each of which were conducted using different
blood donors. The results of the experiments were evaluated
using an analysis of variance (ANOVA). When the ANOVA
indicated significant differences among the group means,
each group was compared using the Student-Newman-Keuls
method. The results of comparisons with a 𝑃 value less than
0.05 were considered statistically significant. All statistical
analyses were performed using the SAS, Version 9.2 software
package (SAS Institute, Cary, NC).

3. Results

3.1. Effects of Antrodia camphorata on Platelet Aggregation and
Intracellular Calcium Mobilization. As shown in Figure 1(a),
Antrodia camphorata (56–224𝜇g/mL) inhibited platelet
aggregation following treatment with 1 𝜇g/mL of collagen.
In subsequent experiments, 1𝜇g/mL of collagen was used
as an agonist to stimulate platelet aggregation. As shown
in Figure 1(b), calcium mobilization in human platelets
stimulated with 1 𝜇g/mL of collagen was inhibited by 112 or
224𝜇g/mL of Antrodia camphorata in a concentration-
dependent manner. However, at a concentration of
448 𝜇g/mL, Antrodia camphorata did not significantly
inhibit platelet aggregation stimulated by 1𝜇M U46619,
0.01U/mL of thrombin, or 60 𝜇MAA (data not shown).

3.2. Effects of Antrodia camphorata onMitogen-Activated Pro-
tein Kinases Activation. The MAPKs control major cellular
responses in eukaryotic organisms and contribute to cell pro-
liferation, migration, and differentiation as well as apoptosis.
Antrodia camphoratadid not inhibit collagen-mediated phos-
phorylation of p38 (Figure 2(a)), ERK (Figure 2(b)), or JNK
(Figure 2(c)). These results suggest that Antrodia camphorata
does not antagonize collagen-mediated MAPKs intracellular
signaling events that occur during platelet activation.

3.3. Effects of Antrodia camphorata on Protein Kinase C
Activation. Activation of platelets by various agonists could
lead to the induction of PKC activation and subsequent
phosphorylation of p47 proteins [13]. As compared to the
protein profile of nonactivated platelets, a protein with an
apparent molecular weight similar to that of p47 (47 kDa)
was predominately phosphorylated in collagen- (Figure 3(a))
and PDBu- (150 nM; Figures 3(b) and 3(c)) activated human
platelets. Antrodia camphorata treatments reduced apparent
p47 phosphorylation in both collagen- and PDBu-activated
platelets (Figures 3(a) and 3(c)). In addition, 448 𝜇g/mL of
Antrodia camphorata significantly reduced the aggregation of
PDBu-activated platelets (Figure 3(b)), indicating thatAntro-
dia camphorata directly affects PKC activation in human
platelets.

3.4. Effects of Antrodia camphorata on Akt Activation. As
shown in Figure 4(a), Antrodia camphorata concentration
(112 or 224𝜇g/mL) dependently attenuated Akt phosphory-
lation stimulated by 1 𝜇g/mL of collagen. In addition, Antro-
dia camphorata did not affect MAPKs phosphorylation in
collagen-activated human platelets (Figure 2). These results
revealed that Antrodia camphorata may prevent collagen-
induced platelet activation through the inhibition of PKC and
Akt phosphorylation (Figure 4(b)).
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Figure 2: Effects of Antrodia camphorata on MAPK activation in collagen-activated platelets. Washed platelets (1.2 × 109 cells/mL) were
preincubated with 112 or 224 𝜇g/mL of Antrodia camphorate and subsequently treated with 1 𝜇g/mL of collagen to induce platelet activation.
The platelets were collected, and the phosphorylation of (a) p38, (b) ERK, or (c) JNK in the subcellular extracts was analyzed. Data are
presented as the mean ± SEM (𝑛 = 3; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001, compared with solvent control platelets).

4. Discussion

This study demonstrated for the first time that Antrodia
camphorata exhibits potent antiplatelet activity via inhibiting
both PKC and Akt activation in washed human platelets
(Figure 4(b)). Antrodia camphorata has been used in tra-
ditional Chinese medicine to treat food poisoning, drug
intoxication, diarrhea, abdominal pain, hypertension, skin

irritation, and cancer [2]. Recent studies have reported that
Antrodia camphorata induces substantial apoptosis in human
promyelocytic leukemia (HL-60) cells [14]. Another study
proved that Antrodia camphorata extracts may be used as
an adjuvant antitumor agent for human hepatoma cells,
which are resistant to most other antitumor agents. Our
previous study demonstrated that Antrodia camphorata pro-
vides effective protection against carbon tetrachloride (CCl

4
)
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Figure 3: Influence ofAntrodia camphorata on PKC activation in activated platelets. ((a) and (c))Washed platelets were preincubatedwith 112,
224, or 448 𝜇g/mL ofAntrodia camphorata and subsequently treatedwith 1 𝜇g/mL of collagen or 150 nMPDBu to induce p47 phosphorylation,
the PKC downstream ((a) and (c)), and (b) platelet aggregation. Data are presented as the mean ± SEM (𝑛 = 3; ∗∗∗𝑃 < 0.001 compared
with solvent control platelets; #𝑃 < 0.01 and ##

𝑃 < 0.01 compared with the collagen group). Profiles (b) are representative of 3 independent
experiments.
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Figure 4: Effects of Antrodia camphorata on Akt phosphorylation in collagen-activated platelets. Washed platelets (1.2 × 109 cells/mL)
were preincubated with 112 or 224 𝜇g/mL of Antrodia camphorata and subsequently treated with 1 𝜇g/mL of collagen to induce platelet
activation. The platelets were collected, and the phosphorylation of (a) Akt in the subcellular extracts was analyzed. Data are presented
as the mean ± SEM (𝑛 = 3; ∗∗∗𝑃 < 0.001 compared with solvent control platelets; ###

𝑃 < 0.001 compared with the collagen group). (b)
Schematic illustration of Antrodia camphorata-mediated inhibition of platelet activation. Activated phospholipase C𝛾2 (PLC𝛾2) catalyses
the conversion of phosphatidylinositol 4,5-bisphosphate (PI4,5-P

2
) into 1,2-diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP

3
). DAG

activates protein kinase C (PKC) and, subsequently, phosphorylation of a 47-kDa protein (p47). IP
3
induces the release of Ca2+ from the dense

tubular system (DTS).

induced hepatic injury in vivo by mediating antioxidative
and free radical scavenging activities [15], and it was shown
to reduce H

2
O
2
-induced lipid peroxidation and upregulate

the expression of hepatic glutathione-dependent enzymes,
thereby protecting the rat liver from CCl

4
-induced damage

[16].
Phospholipidase (PL) activationmay significantly alter by

the occurrence of platelets activation by agonists, such as col-
lagen. Inositol 1,4,5-trisphosphate (IP

3
) and 1,2-diacylglycerol

(DAG) are producedduring the activation of phospholipidase
C (PLC), which activates PKC, and subsequently induce
the phosphorylation of p47 [17]. It has been proposed that
activation of PKC may facilitate certain responses to specific
activating signals in distinct cellular compartments [18]. The
6 families of PLC enzymes are found to be categorized:
PLC𝛽, PLC𝛾, PLC𝛿, PLC𝜀, PLC𝜁, and PLC𝜂 [18]. The PLC𝛾
family comprises isozymes 1 and 2 and isoform 2 is found
to associate in collagen-dependent signaling in platelets [19].
IP
3
triggers an increase in intracellular Ca2+ from Ca2+

storage sites (i.e., the dense tubular system, DTS) in platelets.
DAG activates PKC-inducing protein phosphorylation (p47)
(Figure 4(b)). PKC activation is a strategy adopted by cells

to enable certain responses to specific activating signals
in distinct cellular compartments [18]. In our study, the
activation of both Ca2+ and PKC by collagen was diminished
in the presence ofAntrodia camphorata.Antrodia camphorata
exerted direct effects on PKC activation because it reduced
PDBu-induced PKC activation and PDBu-induced platelet
aggregation, suggesting that Antrodia camphorata-mediated
inhibition of platelet activity involves the Ca2+ and PKC
cascade.

MAPKs include ERKs, p38, and JNKs which are involved
in cell proliferation,migration, differentiation, and apoptosis.
ERKs, JNKs, and p38 have consistently been identified in
platelets [20] and they are activated in platelets stimulated
by collagen and thrombin and are involved in thrombosis
[21]. ERK and p38 play a vital role in stimulating granule
secretion and facilitating clot retraction [22]. In addition, p38
plays a crucial role in activating cytosolic phospholipase A

2
,

which produces thromboxane A
2
by catalyzing AA release

[23]. Moreover, JNK1 is reportedly involved in collagen-
induced platelet aggregation and thrombus formation [24].
The time of thrombus formation was significantly prolonged
in JNK1−/− arterioles in an in vivo model and platelet
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secretion was impaired in JNK1−/− platelets in vitro [25]. Akt
is a downstream effector of PI3-kinase [26], and previous
studies found that Akt-knockout mice exhibited defects in
agonist-induced platelet activation [27, 28]. In this study, we
demonstrated that Antrodia camphorata inhibits the activa-
tion of Akt, but not MAPKs, suggesting that the Antrodia
camphorata-mediated inhibition of platelet activation may
involve inhibition of the Akt cell-signaling pathway.

In conclusion, we demonstrated that the antiplatelet
activity of Antrodia camphorata may inhibit the Ca2+ and
PKC cascades andAkt signaling pathway (Figure 4(b)).These
alterations reduce platelet activity and ultimately inhibit
platelet aggregation. Our findings suggest that Antrodia cam-
phorata may be a potential therapeutic agent for preventing
or treating thromboembolic disorders.
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In this study, the neuroprotective effect of an extract ofAntrodia camphorata (A. camphorata), a fungus commonly used in Chinese
folk medicine for treatment of viral hepatitis and cancer, alone or in combination with aspirin was investigated in a rat embolic
stroke model. An ischemic stroke was induced in rats by a selective occlusion of the middle cerebral artery (MCA) with whole
blood clots and then orally treated with A. camphorata (0.25 and 0.75 g/kg/day) alone and combined with aspirin (5mg/kg/day).
Sixty days later, the brains were removed, sectioned, and stained with triphenyltetrazolium chloride and analysed by a commercial
image processing software program. Brain infarct volume, neurobehavioral score, cerebral blood perfusion, and subarachnoid
and intracerebral hemorrhage incidence were perceived. In addition, potential bleeding side effect of the combinative therapy
was assessed by measuring hemoglobin (Hb) content during intracerebral hemorrhage and gastric bleeding, prothrombin time
(PT), and occlusion time (OT) after oral administration. Posttreatment with high dose A. camphorata significantly reduced infarct
volume and improved neurobehavioral score (P < 0.05). Since A. camphorata alone or with aspirin did not alter the Hb level, this
treatment is safe and does not cause hemorrhagic incident. Remarkably, the combination ofA. camphorata and aspirin did not show
a significant effect on the bleeding time, PT and OT increase suggesting that A. camphorata may have the neuroprotective effect
without the prolongation of bleeding time or coagulation time. From these observations, we suggest that combinative therapy ofA.
camphorata and aspirin might offer enhanced neuroprotective efficacies without increasing side effects.

1. Introduction

Stroke is the second most leading cause of death and the first
cause of major adult disability in the world [1, 2]. Among
the stroke patients, 85–90% of the cases are ischaemic stroke
with a major (75–80%) cause of cerebral arterial thrombosis,
and majorities of ischaemic incidents ensue as a result of

occlusion of the middle cerebral artery [3, 4]. Mortality and
serious disability result if patients are not treated successfully
within 30–90min after onset of symptoms. Aspirin is the
most widely used drug for the secondary prevention of
thrombotic events, due to its antiplatelet action. It is effective
for the prevention of secondary stroke and has been used
in up to 89% of patients in China. Nevertheless, while
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recurrent stroke is controlled by this treatment, the incidence
of cerebral haemorrhage and other bleeding events is higher
in Asian countries than in high-income countries [5]. Hence,
combinations of antiplatelet drugs that act on different path-
ways have been used to overcome the risk of haemorrhage.
These compounds have been shown to be used efficiently
and safely in patients with unstable coronary heart disease.
Recent studies have revealed that the combination of two
antiplatelet drugs is disastrous to recover stroke prevention
rates owing to the increased risk of bleeding events associated
with their long-term use [6, 7]. Bleeding due to antiplatelet
drugs is a vital clinical issue in primary and secondary
stroke prevention, mostly in the Chinese population, which
has a higher incidence of cerebral haemorrhage than other
indigenous groups [8].

A. camphorata is one of the complementary alternative
medicines. It is a parasitic fungus that only grows on the inner
heartwood wall of Cinnamomum kanehirai Hay (Lauraceae).
A. camphorata is usually used in Taiwanese folk medicine
for abdominal pain, chemical intoxication, diarrhea, hyper-
tension, itchy skin, and hepatoma [9]. Recent studies have
demonstrated that A. camphorata induces significant apop-
tosis of human promyelocytic leukemia (HL-60) cells [10].
Another study proved that A. camphorata extracts may be
used as an adjuvant antitumor agent for human hepatoma
cells, which are resistant to most other antitumor agents.
Our previous study demonstrated that A. camphorata owns
effective protection against carbon tetrachloride- (CCl

4
-)

induced hepatic injury in vivo, by mediating antioxidative
and free radical scavenging activities [11], and it has shown
to reduce H

2
O
2
-induced lipid peroxidation and upregulating

hepatic glutathione-dependent enzymes for protecting the rat
liver from the CCl

4
-induced damage [12].

The embolic model has been used previously in different
experiments to induce experimental stroke in rodents [13],
as this model mimics human stroke and is more relevant to
the pathophysiological situation in patients. Besides, different
sizes of lesion could be created in this model by injection
of various volumes of clot into the middle cerebral artery
[14]. Therefore, we investigated whether a combination of
A. camphorata with the lowest effective dose of aspirin may
provide more neuroprotection during the embolic model of
stroke in rats without increasing the potential bleeding side
effect and different hemorrhagic incidents.

2. Materials and Methods

2.1. PlantMaterial. The crude extracts ofA. camphoratawere
offered by Well Shine Biotechnology Development Co., Pvt.
Ltd., Taipei, Taiwan.

2.2. Animals. Male Wistar rats weighing 250–300 g were
used to assess the effects of A. camphorata given alone
or in combination with aspirin on MCAO-induced brain
damage. Animal care and the general protocols for animal
use were approved by the Institutional Animal Care and Use
Committee (IACUC) of Taipei Medical University (no. LAC-
101-0239). Before undergoing the experimental procedures,

all animals were clinically normal, free of apparent infection
or inflammation and showed no neurological deficits.

2.3. Middle Cerebral Artery Occlusion- (MCAO-) Induced
Ischemia. Rats were subjected to MCAO-induced ischemia
by administration of an autologous blood clot as described
in our previous study [15]. Briefly, arterial blood (0.6mL)
was withdrawn from a femoral catheter in a 1mL syringe.
The blood was immediately injected into PE-10 tubes. The
tubes were kept at 4∘C for 22 h, and the thread-like clots were
removed and placed in a saline-filled dish.The clots were then
washed to remove blood cells. Washed portions of the clots
were transferred to fresh dishes, and the washing process was
repeated until the saline remained clear. These clot sections
were cut into 30mm long fragments and then drawn up with
the saline solution into a PE-10 catheter.

On the day of surgery, animals were anesthetized with a
mixture of 75% air and 25% O

2
gases containing 3% isoflu-

rane. The common carotid artery (CCA) was identified, and
approximately 1 cm of the external carotid artery (ECA) was
ligated and cut. Subsequently, the pterygopalatine artery (PA)
was clamped with a 10mm microaneurysm clamp, and the
CCA was similarly clamped before the carotid bifurcation.
The internal carotid artery (ICA) was then clamped between
the carotid bifurcation and the PA. Next, the PE-50 catheter
containing the clot was introduced approximately 5mm into
the previously cut ECA and tied in place with sutures. The
ICA clamp was removed, and the clot was flushed into the
ICA over a period of approximately 5 s. The PA clamp was
removed, and the rat was left in this condition for 1 h.

2.4. Experimental Design. In this study, at 1 hr after MCA
occlusion, rats were randomly separated into six groups: (1)
a sham-operated group; (2) a group orally treated with an
isovolumetric solvent (distilled water) for 60 days, followed
by thromboembolic occlusion; (3 and 4) groups orally treated
with A. camphorata (0.25 and 0.75 g/kg/day) alone for 60
days, followed by thromboembolic occlusion, respectively;
and (5 and 6) groups treated with A. camphorata (0.25 and
0.75 g/kg/day) and aspirin (5mg/kg/day), followed by throm-
boembolic occlusion, respectively. An observer blinded to the
identity of the groups assessed the neurological deficits after
reperfusion (before being euthanized) by forelimb akinesia
(also called the postural tail-hang) test.

2.5. Quantification of Brain Infarct Volume. Rats were eu-
thanized by decapitation after 24 h of reperfusion. The
brains were cut into 2mm coronal slices starting 1mm
from the frontal pole. Each stained brain (2% 2,3,5-
triphenyltetrazolium; TTC) slice was drawn using a com-
puterized image analyzer (Image-Pro Plus). The calculated
infarct areas were then compiled to obtain the infarct
volume (mm3) per brain. Infarct volumes were expressed
as a percentage of the contralateral hemisphere volume
using the formula (the area of the intact contralateral [left]
hemisphere—the area of the intact region of the ipsilateral
[right] hemisphere) to compensate for edema formation in
the ipsilateral hemisphere [15].
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2.6. Neurological Functional Tests. Sensorimotor integrity
was measured in rats at 1 and 24 h after MCAO by an
investigator blind to the experimental groups to assess the
neurobehavior [16]. Scoring was as follows: 0: no observable
deficit, 1: forelimb flexion, 2: forelimb flexion plus decreased
resistance to lateral push, 3: unidirectional circling, and 4:
unidirectional circling plus decreased level of consciousness.

2.7. Evaluation of Hemorrhagic Incidence. As previously pub-
lished, hemoglobin content in the ischemic hemisphere
and gastric luminal fluid was determined as an index of
intracerebral hemorrhage and gastric bleeding using a colori-
metric method as described by a kit (Haemoglobin, HG1539)
purchased from Randox Lab Ltd., UK. The hemoglobin
content in ischemic hemisphere and gastric luminal fluid was
determined by using the optical density readings obtained
from the known hemoglobin standards and reported in g/dL.

2.8. Grading System for Subarachnoid Hemorrhage (SAH).
The rats were sacrificed under deep anesthesia at 60 days after
surgery and the brains were removed rapidly. High resolution
pictures of the base of the brain depicting the circle of Willis
and basilar arteries were taken. In the photographs, the basal
cistern was shown in Figure 1(a). This grading was done by a
blinded observer.

2.9. Measurement of Prothrombin Time (PT). Measurement
of prothrombin time (PT) was performed by using a kit
(Instrumentation Laboratory,Milano, Italy) as described [17].
Briefly, just before ligation to form a snare in the rat Wessler
model, arterial blood samples (3mL) were withdrawn; then
the artery was ligated immediately; 0.9mL of each blood
sample was transferred into a 0.109M trisodium citrate
solution (1 : 9, v/v) and then centrifuged at 2000 ×g for 10min
to obtain plasma. 100 𝜇L plasma was mixed with 50𝜇L of
cephalin in a process plate, and the coagulation was started
by the addition of CaCl

2
(1mM), 100 𝜇L of thromboplastin,

and 100 𝜇L of bovine thrombin into the 100 𝜇L of incubated
plasma for PT assay.

2.10. Measurement of Occlusion Time (OT). As described
previously [15], mice were anesthetized, and an external
jugular vein was cannulated with PE-10 so that dye and
medication could be administered by an intravenous (i.v.)
bolus. A segment of the small intestine was placed onto
a transparent culture dish for microscopic observation.
Venules (30 to 40 𝜇m)were selected for irradiation to produce
a microthrombus. Using the epi-illumination system, light
from a 100W mercury lamp was passed through a B-2A
filter (Nikon, Tokyo, Japan) with a DM 510 dichromic mirror
(Nikon). Wavelengths below 520 nm had been eliminated
from the filtered light, whichwas used to irradiate amicroves-
sel; the area of irradiation was approximately 100 𝜇m in
diameter on the focal plane. A dose of 0.75 g/kg/dayof A.
camphoratawas administered 3min after fluorescein sodium
administration. Five minutes after administration of the
fluorescein sodium, irradiation by filtered light and the video
timer were simultaneously begun, and occlusion time was

Sham NS 0.25 0.75 0.750.25

Antrodia camphorata (g/kg/day)
MCAO

Aspirin 5mg/kg

(a)
In

fa
rc

t v
ol

um
e (

%
)

0

10

20

30

40

50

#

## ##
##

Sham NS 0.25 0.75 0.750.25

MCAO

Antrodia camphorata (g/kg/day)

∗∗∗

Aspirin (5mg/kg/day)

(b)

Figure 1: (a) Combination treatment of the extract ofA. camphorata
with aspirin against thromboembolic stroke in rats. Coronal sections
of 2,3,5-triphenyltetrazolium- (TTC-) stained brains after throm-
boembolic occlusion-reperfusion rats were observed in a sham-
operated group (sham), a group orally treated with an isovolumetric
solvent (distilled water) for 60 days, followed by thromboembolic
occlusion (MCAO group), groups orally treated withA. camphorata
for 60 days alone, followed by thromboembolic occlusion, and
groups orally treated with A. camphorata (0.25 and 0.75 g/kg/day)
combined with aspirin (5mg/kg/day) for 60 days, followed by
thromboembolic occlusion as described in “Section 2.” The results
are representative examples of three similar experiments; (b) den-
sitometric analysis of the combination treatment of the extract of
A. camphorata with aspirin against thromboembolic stroke in rats.
Data are presented as the infarct volume for each animal in the group
as well as the means ± S.E.M. (𝑛 = 5). ∗∗∗𝑃 < 0.001 compared to the
sham-operated group, #𝑃 < 0.05 and ##

𝑃 < 0.01 compared to the
MCAO group.
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observed on a televisionmonitor.The time lapse for inducing
thrombus formation leading to the cessation of blood flow
was measured.

2.11. Data Analysis. Experimental results are expressed as
the mean ± S.E.M. and are accompanied by the number of
observations. The experiments were assessed by the method
of analysis of variance (ANOVA). If this analysis indicated
significant differences among the group means, then each
group was compared using the Newman-Keuls method. A 𝑃
value of <0.05 was considered statistically significant.

3. Results

3.1. A. camphorata and Aspirin CombinationTherapy Reduces
Infarct Volume. The cerebral infarction was examined using
2mm thick slices of the cerebrum 24 h after MCAO reper-
fusion in rats through TTC staining. Figure 1(a) shows
typical photographs of coronal sections of sham-operated
group, MCAO-treated group, A. camphorata-alone-treated
groups (0.25 and 0.75 g/kg/day), and A. camphorata + aspirin
(5mg/kg/day) treated groups prior to the ischemic insult.
At 24 h after MCAO, a high dose of A. camphorata treat-
ment alone or combination treatment with aspirin reduced
the infarct volume, both of which were more significantly
reduced than the volume of MCAO-induced untreated
group (Figure 1(b)). In addition, while even a high dose
(0.75 g/kg/day) of A. camphorata combined with aspirin
(5mg/kg/day) did not show any significant effect on reducing
the infarct volumes (Figure 1(b)), as it is found to be almost
comparable to that of high dose A. camphorata treatment
alone, the aspirin has been removed in the following studies.

3.2. A. camphorata Treatment Improves Neurological Out-
come and Blood Perfusion Deficit. Variations of neurological
deficits scores in different groups are shown in Figure 2(a).
BeforeMCAO, the neurological score was zero in all animals.
After MCAO, high-grade neurological deficits (𝑃 < 0.001)
were present. Compared with vehicle-treated rats, treat-
ment withA. camphorata significantly and dose-dependently
improved the neurological score at 24 h after ischemia (𝑃 <
0.05). In addition, compared with other blood perfusion unit
(BPU) or regional cerebral blood flow (rCBF) measuring
methods, laser Doppler flowmeter (LDF; Oxford Array)
provides a noninvasive and continuous measure of BPU.
Figure 2(b) shows the relative changes of BPU by LDF after
MCAO, 30 and 60 days of A. camphorata treatment alone.
The results show that MCAO-induced animals sustained
the most severe (𝑃 < 0.001) reduction in BPU. However,
the low (0.25 g/kg/day) and high (0.75 g/kg/day) dose of A.
camphorata treatment decreased the BPU compared with the
vehicle, although there were no significant differences. All
rats in the sham group maintained the baseline level of BPU.

3.3. Effects of A. camphorata on Subarachnoid Hemorrhage
and Hemorrhagic Incidence. Representative photographs of
the SAH can be seen in Figure 3(a). There is no significant
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Figure 2: Effects of the extract ofA. camphorata on (a) neurobehav-
ioral deficits and (b) blood perfusion unit (BPU) in thromboembolic
stroke-induced rats. (a) shows neurobehavioral deficits in 4 experi-
mental groups; (b) shows BPU of solvent and A. camphorata or the
aspirin treated rats weremeasured by laser Doppler flowmeter in the
MCAO-supplied cortex. Data are presented as the means ± S.E.M.
of three similar experiments. ∗∗∗𝑃 < 0.001 compared to the sham-
operated group; #𝑃 < 0.05 compared to the MCAO group.

difference among the groups of sham-operated, MCAO-
induced, MCAO + A. camphorata, and MCAO + A. cam-
phorata + aspirin treatment overall SAH grade. The arteries
can be well recognized in the sham group. Although there
is no severe effect in the SAH + MCAO group, a very little
obliterated artery by the blood clot was seen. Furthermore,
we found that treatment of A. camphorata (0.75 g/kg/day)
alone or combination with aspirin (5mg/kg/day) did not
induce subarachnoid hemorrhage. In addition, the con-
centration of hemoglobin in the ischemic hemisphere and
gastric luminal fluid in sham-operated and A. camphorata
alone or combined with aspirin groups is almost similar
(Figures 3(b) and 3(c)). Since there is no significant effect
of A. camphorata at high dose alone or with aspirin on
hemoglobin content, this treatment method is considered
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Figure 3: Effects of the extract of A. camphorata with aspirin on (a) subarachnoid hemorrhage (SAH), (b) intracerebral hemorrhage (ICH),
and (c) gastric bleeding in thromboembolic stroke-induced rats. Data are presented as the means ± S.E.M. of seven similar experiments.

to be safer and does not cause any side effect. In addition,
to check the intracerebral hemorrhage and gastric bleeding
in studied animals hemoglobin content in the ischemic
hemisphere and gastric luminal fluid was determined. The
results revealed that the levels of hemoglobin were not
altered in all the groups, which indicate that there are no
side effects found during the treatment of A. camphorata,
aspirin alone, or combination of both in MCAO-induced
rats.

3.4. Effects of A. camphorata on Prothrombin Time (PT)
and Occlusion Time (OT). To determine whether or not
coagulation parameters are influenced by A. camphorata
treatment alone or its combination with aspirin, PT and
OT were measured in the present study. A. camphorata
alone or with aspirin did not cause a prolongation of PT
(Figure 4(a)), an observation which is at variance with a
previously reported study [18]. Nevertheless, this treatment
significantly (𝑃 < 0.01) increased prolongation of OT for
inducing thrombus formation in mesenteric venules in mice
when compared with fluorescein dye- (Sigma Aldrich, USA)
induced untreated group (Figure 4(b)).

4. Discussion

There are numerous animal stroke models which were des-
ignated in the previous literature such as photochemically
induced MCAO, surgical occlusion, and vessel occlusion
which only simulated the aspect of vessel occlusion [18]; some
aspects of human strokes can only be reproduced by these
models. An ideal animal model, which resembles human
embolic strokes as closely as possible, should be based on
the thromboembolic occlusion of a large feeder artery. In
the current study, the thromboembolic stroke model mimics
human strokes more closely than do other models of cere-
bral ischemia [19]. Besides, animal thromboembolic strokes
induced by blood clots simplify the investigation of the effects
of thrombolytic therapy, which is currently the only available
stroke treatment in humans. Cerebral ischemia restricted
to the distribution of the thromboembolic occlusion gives
rise to focal metabolic disturbances that result in infarction,
neuronal necrosis, and brain edema [20]. In the present study,
it is confirmed, for the first time, that oral treatment of an
extract of A. camphorata suppresses thromboembolic stroke
in rats by reducing infarct volume, improves neurological
outcome, and provides neuroprotection.
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Figure 4: Effects of the extract of A. camphorata with aspirin
on (a) prothrombin time (PT) and (b) occlusion time (OT) in
thromboembolic stroke-induced rats. Data are presented as the
means ± S.E.M. of three similar experiments.

Novel cellular and pharmacological therapeutic ap-
proaches are required to raise the capacity of the brain for
neuroregeneration andneuroplasticity to reduce neurological
deficits after stroke [21]. In the current study, we studied
the neuroprotective effect of an extract of A. camphorata
and aspirin combination treatment after an experimentally
induced embolic stroke in rats. Notably, we found that
administration of a combination treatment of A. camphorata
in doses of 0.25 and 0.75 g/kg/day administered 24 h after
MCAO significantly improved neurological functional out-
come, reduced infarct volume, and kept sustained subarach-
noid hemorrhagein rats at 60 days after MCAO. Our results
also show that treatment with A. camphorata alone or with
aspirin 24 h after MCAO resulted in no significant changes
of hemorrhagic incidence, as there is no variation found in
the levels of hemoglobin in cerebral hemorrhage and gastric
bleeding of the ischemic hemisphere in sham, A. camphorata

alone or in combination with aspirin groups. On the other
hand, A. camphorata therapy alone or combined with aspirin
had no effect on prothrombin time, whereas this treatment
prolongs occlusion time. Together, our results demonstrate
that combining A. camphorata with aspirin treatment has
an additive effect on the treatment of this thromboembolic
model of stroke.

The most commonly used tool for measuring the effi-
cacy of neuroprotective compounds is TTC staining. Brain
lesion identified by TTC staining indicates that tissues
were irreversibly impaired in mitochondrial function and
dehydrogenase activity [22]. Our study demonstrated that
treatment with A. camphorata (0.25 and 0.75 g/kg/day)
significantly decreased the volume of infarction following
cerebral ischemia insult. It was implied that A. camphorata
treatment could improve mitochondrial activity after brain
ischemia. Behind stroke, animals consequently display a
variety of neurological deficits. It is very imperative to assess
neurological function outcome after stroke. The Bederson
scale is a global neurological assessment that was developed
to measure neurological impairments following stroke [23].
Our results revealed that A. camphorata alone at doses
0.25 and 0.75 g/kg/day could improve neurological behavior
disturbance based on neurological deficit scores.

The duration of the ischemia and the degree of CBF
or BPU reduction are the major factors to determine the
severity of ischemic damage. It is generally accepted that
>70% reductions in CBF are necessary to induce ischemic
brain damage although some recent evidence suggests that
more modest reductions may cause delayed neuronal death
[24]. It was also reported that cortical injury was related to
the duration of ischemia between 30 and 45min, and beyond
37min both magnitude and distribution of cortical injury
increased markedly in a linear fashion [25]. In the present
study, at 30 and 60 days MCAO induced an immediate
reduction of BPU value. However, the BPU was improved
in both low (0.25mg/kg/day) and high (0.75 g/kg/day) dose
groups of A. camphorata treatment. The increased BPU in
the MCAO-induced rats may perhaps directly determine
the volume of infarction. Therefore it is suggested that
in our study the marked reductions of infarct volume in
A. camphorata-treated groups may mainly result from the
improved BPU in the brain during MCAO.

Increased risk of hemorrhage is a documented possible
side effect of antithrombotic treatments [26]. To evaluate
this aspect, the subarachnoid hemorrhage (SAH) grade was
checked to know the possible side effect of A. camphorata
alone or in combination with aspirin treatment on MCAO-
induced rats. The results revealed that A. camphorata alone
or in combination with aspirin treatment did not affect this
parameter. On the other hand a literature about secondary
intracerebral bleeding after stroke in rats is reported to be
poor and hence bleeding rates in animals and humans may
differ [27]. In this study, we focused on the efficacy of A.
camphorata alone or with aspirin on hemoglobin content as
a marker of bleeding and an important safety measure, and
we found that there is no alteration in the hemoglobin level.
To determine whether or not coagulation parameters and
platelet functional marker are influenced by A. camphorata
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or their combination with aspirin, PT andOTweremeasured
in the present study. A. camphorata or aspirin alone did
not cause a prolongation of PT, an observation which is
at variance with a previously reported study [17]. However,
A. camphorata at the dose of 0.75mg/kg/day increased the
prolongation of OT.This prompts the conclusion that coagu-
lation cascade did not part the bleeding interaction with the
combination of A. camphorata with aspirin.

In conclusion, the present study has demonstrated
that pretreatment with Antrodia camphorata (0.25 and
0.75 g/kg/day) is beneficial in reducing infarct volume in the
focal ischemic brain injury in the embolicmodel.A. camphor-
ata treatment is also beneficial in reestablishing blood flow to
the ischemic brain by reducing perfusion deficits following
ischemia and it also provides added benefits, as it did not
cause any hemorrhagic incidence when used in conjunction
with aspirin therapy. This evidence suggests that A. cam-
phorata has neuroprotective effect against ischemic insults in
our MCAO model through a mechanism of blood perfusion
regulation without increasing hemorrhagic transformation.
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Critical vascular inflammation leads to vascular dysfunction and cardiovascular diseases, including abdominal aortic aneurysms,
hypertension, and atherosclerosis. Andrographolide is the most active and critical constituent isolated from the leaves of
Andrographis paniculata, a herbal medicine widely used for treating anti-inflammation in Asia. In this study, we investigated the
mechanisms of the inhibitory effects of andrographolide in vascular smooth muscle cells (VSMCs) exposed to a proinflammatory
stimulus, tumor necrosis factor-𝛼 (TNF-𝛼). Treating TNF-𝛼-stimulated VSMCs with andrographolide suppressed the expression
of inducible nitric oxide synthase in a concentration-dependent manner. A reduction in TNF-𝛼-induced c-Jun N-terminal kinase
(JNK), Akt, and p65 phosphorylationwas observed in andrographolide-treatedVSMCs.However, andrographolide affected neither
I𝜅B𝛼 degradation nor p38 mitogen-activated protein kinase or extracellular signal-regulated kinase 1/2 phosphorylation under
these conditions. Both treatment with LY294002, a phosphatidylinositol 3-kinase/Akt inhibitor, and treatment with SP600125,
a JNK inhibitor, markedly reversed the andrographolide-mediated inhibition of p65 phosphorylation. In addition, LY294002
and SP600125 both diminished Akt phosphorylation, whereas LY294002 had no effects on JNK phosphorylation. These results
collectively suggest that therapeutic interventions using andrographolide can benefit the treatment of vascular inflammatory
diseases, and andrographolide-mediated inhibition of NF-𝜅B activity in TNF-𝛼-stimulated VSMCs occurs through the JNK-Akt-
p65 signaling cascade, an I𝜅B𝛼-independent mechanism.

1. Introduction
Coronary artery disease (CAD) represents the leading cause
of mortality and morbidity in developed countries, and
atherosclerosis is the hallmark of many critical events in the
pathogenesis of CAD [1]. Consequently, developing novel
therapeutic agents for atherosclerosis patients is a major
research priority. One of the risk factors for atherosclerosis
is chronic and mild inflammation of the arteries [2]. There-
fore, the inhibition of vascular smooth muscle cell (VSMC)
inflammation might be a major target for the treatment

of cardiovascular diseases. Numerous studies have shown
that several cytokines, including tumor necrosis factors
(TNFs), interleukins, and interferons (IFNs), are important
inflammatory stimulators of VSMCs in vitro and in vivo
[3]. These inflammatory stimulators interact with specific
receptors and activate signaling cascades, leading to inflam-
matory responses such as matrix metalloproteinase (MMP)
expression; nitric oxide (NO); reactive oxygen species (ROS)
production; and subsequent cell growth, adhesion, and
migration [3].
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Accumulating evidence has indicated that the induction
of inducible nitric-oxide synthase (iNOS), a key enzyme
for NO biosynthesis, contributes to the process of vascu-
lar diseases, such as atherosclerosis [4]. Vascular inflam-
matory responses induced by pathogens or cytokines are
accompanied by the generation of peroxynitrite, a potent
and vasotoxic molecule formed through the reaction of
NO and superoxide [5]. In addition, a study showed that
iNOS contributes to TNF-𝛼-induced inflammation and reg-
ulates vascular endothelial functions [6]. Previous studies on
TNF-𝛼 have reported a positive correlation through signal
transduction pathways that converge at mitogen-activated
protein kinases (MAPKs) [7] or nuclear factor-𝜅B (NF-𝜅B)
[8]. Conversely, cellular responses to inflammatory stimuli
mainly involve the activation of Akt signaling cascades. Akt
is involved in the phosphatidylinositol 3-kinase (PI3K)/Akt
signaling pathway, which regulates cellular processes, such
as cell proliferation, survival, and inflammation [9], and was
reported to be essential to TNF-𝛼-induced NF-𝜅B activation
[10].

Andrographolide (Figure 1), a novel NF-𝜅B inhibitor, is
the most active and critical constituent isolated from the
leaves of Andrographis paniculata [11]. A. paniculata has long
been used as herbal medicine to prevent and treat upper
respiratory tract infections, diarrhea, rheumatoid arthritis,
and laryngitis in Asia and Scandinavia [11, 12]. Our previous
studies have revealed that andrographolide enhances NF-𝜅B
subunit p65 Ser536 dephosphorylation and ROS formation
by stimulating neutral sphingomyelinase-mediated ceramide
formation in VSMCs [13, 14] and inhibits platelet aggregation
by suppressing the p38MAPK/HO−-NF-𝜅B-extracellular-
signal-regulated-kinase (ERK) 2 cascade [15, 16]. Although
andrographolide has exhibited anti-inflammatory activity
in various cell types, its anti-inflammatory mechanism in
VSMCs remains unclear. In the present study, by considering
the pivotal role of VSMC inflammation in the development
of atherosclerosis and restenosis [17], we investigated in
detail the protective cellular signaling events associated with
andrographolide in rat VSMCs stimulated by TNF-𝛼, which
represented vascular inflammatory conditions.

2. Materials and Methods

2.1. Materials. Dulbecco’s modified Eagle’s medium
(DMEM), trypsin (0.25%), L-glutamine, penicillin/streptom-
ycin, and fetal bovine serum (FBS) were purchased from
Gibco (Gaithersburg, MD, USA). Andrographolide (≥98%),
TNF-𝛼, LY294002, SP600125, and dimethyl sulfoxide
(DMSO) were obtained from Sigma-Aldrich (St. Louis,
MO, USA). The anti-iNOS rabbit polyclonal antibody (pAb)
and the anti-p65 antibody were purchased from Santa
Cruz Biotechnology (Dallas, TX, USA); the anti-𝛼-tubulin
mouse monoclonal antibody (mAb) was purchased from
Thermo Scientific (Waltham, MA, USA); and the anti-
phospho-p38 MAPK Thr180/Tyr182 rabbit pAb, anti-p38
MAPK, anti-phospho-p44/p42 extracellular signal-regulated
kinase (ERK1/2) Thr202/Tyr204 rabbit pAb, anti-ERK1/2
antibody, anti-phospho-JNK Thr183/Tyr185 rabbit mAb,

O

OHO

HO

OH

Figure 1: Chemical structure of andrographolide (Andro).

anti-JNK antibody, anti-phospho-Akt Ser473 rabbit pAb,
anti-Akt antibody, anti-phospho-p65 Ser536 rabbit pAb,
and anti-I𝜅B𝛼 antibody were purchased from Cell Signaling
(Danvers, MA, USA). A hybond-P polyvinylidene difluoride
(PVDF) membrane, an enhanced chemiluminescence (ECL)
western blotting detection reagent and analysis system, the
horseradish-peroxidase- (HRP-) conjugated donkey anti-
rabbit immunoglobulin G (IgG), and the sheep anti-mouse
IgG were acquired from Amersham (Buckinghamshire, UK).
Andrographolide was dissolved in 0.1% DMSO and stored at
4∘C until it was used.

2.2. Rat Aortic Smooth Muscle Cell Primary Culture. The
male Wistar rats used in this study were purchased from
BioLASCO (Taipei, Taiwan).The VSMCs were enzymatically
dispersed from the male Wistar rats (250–300 g). Thoracic
aortas from the Wistar rats were removed and stripped of
the endothelium and adventitia. The VSMCs were obtained
using a modification of the combined collagenase and
elastase digestion method [18]. These cells were grown in
DMEM supplemented with 20mM HEPES, 10% FBS, 1%
penicillin/streptomycin, and 2mM glutamine at 37∘C in a
humidified atmosphere of 5% CO

2

. The growth medium
was changed every 2-3 d until the cells reached confluence.
The growth medium was removed, and the monolayer was
rinsed with phosphate-buffered saline (PBS). A trypsin-
EDTA solution was added, and the monolayer was incubated
at 37∘C for 2min. The culture dishes were observed under
a phase-contrast microscope until the cells detached. The
cells were removed using 10mL of DMEM and centrifuged
at 900 rpm for 7min. The pellet was resuspended in DMEM
in a culture dish, and cells from Passages 4–8 were used in
all experiments. All protocols were approved by the Taipei
Medical University Animal Care and Use Committee.

2.3. Cell Morphology. The VSMCs (5 × 105 cells/dish) were
seeded in 60-mm dishes and cultured in DMEM containing
10% FBS for 24 h. Cell morphology was evaluated by phase
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Figure 2: Effects of andrographolide on iNOS expression in TNF-𝛼-stimulated VSMCs. (a) Photomicrograph showing the primary cultured
rat aortic VSMCs (magnification ×100). (b) The VSMCs were treated with PBS (resting group) or pretreated with andrographolide (20 and
50 𝜇M) or an equal volume of DMSO (solvent control) for 20min, and TNF-𝛼 (10 ng/mL) was subsequently added for 24 h.The iNOS protein
level was evaluated as described in Section 2. ∗∗𝑃 < 0.01 compared with the resting group; ##

𝑃 < 0.01 compared with the TNF-𝛼 group. The
data are presented as the mean ± SEM (𝑛 = 3).

contrast microscopy without preliminary fixation. The pri-
mary cultured rat aortic VSMCs exhibited “hills and valleys”
pattern (Figure 2(a)), and the expression of 𝛼-smoothmuscle
actin was confirmed (data not shown).Themicrographs were
recorded using a Nikon phase-contrast microscope (Tokyo,
Japan).

2.4. Immunoblot Analysis. Immunoblot analyses were per-
formed as described previously [18]. Briefly, the VSMCs (5 ×
10
5 cells/dish) were treated as the experimental design. After

the experimental period, the proteins were extracted using a
lysis buffer. Lysates were centrifuged, the supernatant protein
(50𝜇g) was collected and subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, and the separated
proteins were electrophoretically transferred onto 0.45-𝜇m

PVDF membranes by using semidry transfer (Bio-Rad, Her-
cules, CA, USA). The blots were blocked with TBST (10mM
Tris-base, 100mM NaCl, and 0.01% Tween 20) containing
5% bovine serum albumin for 1 h and then probed with
various primary antibodies. The membranes were incubated
with HRP-linked anti-mouse IgG or anti-rabbit IgG (diluted
1 : 3000 in TBST) for 1 h. The immunoreactive bands were
detected using an ECL system. Bar graphs depict the ratios of
quantitative results obtained by scanning the reactive bands
and quantifying the optical density by using video densit-
ometry (Bio-Profil; Biolight Windows application Version
2000.01; Vilber Lourmat, France).

2.5. Statistical Analysis. The experimental results are
expressed as themeans± standard error and are accompanied
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by the number of observations. Data were assessed using
an analysis of variance. If an analysis indicated significant
differences among the group means, then each group was
compared with the other groups by using the Newman-Keuls
method. Values of 𝑃 < 0.05 indicated statistical significance.

3. Results

3.1. Effects of Andrographolide on the Expression of Inducible
Nitric Oxide Synthase in Tumor Necrosis Factor-𝛼-Stimulated
Vascular SmoothMuscle Cells. We examined whether andro-
grapholide affects the protein level of iNOS, which catalyzes
NO formation, in TNF-𝛼-stimulated VSMCs. As shown in
Figure 2(b), treatment with TNF-𝛼 increased iNOS expres-
sion 1.7 ± 0.1-fold compared with the iNOS expression
observed in the control group (𝑃 < 0.01, 𝑛 = 3).
Concentration-dependent inhibition was observed in TNF-
𝛼-stimulated VSMCs in response to treatment with 20𝜇M
and 50 𝜇M andrographolide; specifically, iNOS expression
decreased to 29.4% and 47.1%, respectively.

3.2. Effects of Andrographolide on p38 Mitogen-Activated
Protein Kinase, Extracellular Signal-Regulated Kinase 1/2,
c-Jun N-Terminal Kinase, and Akt Signaling Pathways in
Tumor Necrosis Factor-𝛼-Stimulated Vascular Smooth Mus-
cle Cells. Vascular inflammation is intensively included in
cardiovascular disease. In response to inflammatory stimuli,
MAPK phosphorylation increases and subsequently pro-
motes VSMC proliferation andmigration [19]. To explore the
mechanisms through which andrographolide inhibits TNF-
𝛼-induced vascular inflammation, we examined the effects
of andrographolide on the status of p38MAPK, ERK1/2, and
JNK activation in TNF-𝛼-stimulated VSMCs. As shown in
Figure 3(a), the increase in p38MAPK phosphorylation was
2.2 ± 0.2-fold (𝑃 < 0.05, 𝑛 = 3) after the VSMCs were
exposed to TNF-𝛼 for 10min. In addition, 10-min TNF-𝛼
treatment caused 1.7 ± 0.1-fold and 1.9 ± 0.1-fold increases in
ERK1/2 and JNK phosphorylation (𝑃 < 0.01, 𝑛 = 3) (Figures
3(b) and 3(c)). Pretreating the cells with 20 and 50𝜇M
andrographolide significantly reduced TNF-𝛼-induced JNK
phosphorylation (Figure 3(c)). However, pretreating the cells
with 20 or 50𝜇M andrographolide did not significantly
affect TNF-𝛼-induced p38MAPKor ERK1/2 phosphorylation
(Figures 3(a) and 3(b)). By contrast, a study reported that Akt
is a crucial regulator involved in cell metabolism, cell growth,
and vascular inflammation [20]. Figure 3(d) shows that Akt
phosphorylation increased 1.5 ± 0.0-fold (𝑃 < 0.01, 𝑛 = 3)
after the VSMCs were exposed to TNF-𝛼 for 10min. Pretreat-
ing the cells with 20 and 50 𝜇Mandrographolide significantly
reduced TNF-𝛼-induced Akt phosphorylation (Figure 3(d)).
These results collectively suggested that andrographolide
suppresses vascular inflammation by inhibiting JNK and Akt
signaling cascades in TNF-𝛼-stimulated VSMCs.

3.3. Effects of Andrographolide on I𝜅B𝛼 Degradation and
p65 Phosphorylation in Tumor Necrosis Factor-𝛼-Stimulated
Vascular Smooth Muscle Cells. Several studies have observed
that NF-𝜅B, a transcription factor, regulates the expression

of numerous inflammatory proteins, including iNOS [21].
To clarify the mechanism through which andrographolide
inhibits iNOS expression, we evaluated the effect of andro-
grapholide on the level of I𝜅B𝛼, a cellular protein that masks
the nuclear localization signals of NF-𝜅B and keeps them
sequestered in an inactive state [22], in the cytoplasmof TNF-
𝛼-stimulated VSMCs. However, as shown in Figure 4(a),
pretreating the cells with 20 and 50𝜇M andrographolide
did not reverse TNF-𝛼-induced I𝜅B𝛼 degradation. Several
studies have indicated that p65 phosphorylation on serine
536 residue mediating its dimerization, DNA binding, and
nuclear localization was not associated with or regulated by
I𝜅B𝛼 [23, 24]. As shown in Figure 4(b), pretreating VSMCs
with 50 𝜇M andrographolide significantly inhibited (47.7%)
TNF-𝛼-induced p65 phosphorylation compared with that
in TNF-𝛼-stimulated VSMCs that were not treated with
andrographolide (𝑃 < 0.05, 𝑛 = 3). These results suggested
that p65 phosphorylation rather than I𝜅B𝛼 degradation is
responsible for the andrographolide-mediated inhibition of
NF-𝜅B activation in TNF-𝛼-stimulated VSMCs.

3.4. Andrographolide Suppresses p65 Phosphorylation by
Inhibiting the Akt and c-Jun N-Terminal Kinase Signaling
Pathways in Tumor Necrosis Factor-𝛼-Stimulated Vascular
SmoothMuscle Cells. To clarify the correlations betweenAkt,
JNK, and andrographolide-induced p65 de-phosphorylation
inTNF-𝛼-stimulatedVSMCs,we usedLY294002 (a PI3K/Akt
inhibitor) and SP600125 (a JNK inhibitor) to confirm
whether Akt or JNK signaling contributes to TNF-𝛼-induced
p65 phosphorylation in VSMCs. As shown in Figure 5(a),
LY294002 at 10 𝜇M significantly inhibited TNF-𝛼-induced
p65 phosphorylation. Similarly, a JNK inhibitor, SP600125
(10 𝜇M), effectively attenuated TNF-𝛼-induced p65 phos-
phorylation (Figure 5(a)). We further investigated the rela-
tionship between Akt and JNK phosphorylation and found
that LY294002 (10 𝜇M) and SP600125 (10 𝜇M) obviously
diminished TNF-𝛼-induced Akt phosphorylation in VSMCs
(Figure 5(b)), whereas LY294002 had no significant effects
on TNF-𝛼-induced JNK phosphorylation except SP600125
(Figure 5(c)). These results collectively suggested that andro-
grapholide suppresses p65 phosphorylation by inhibiting the
JNK-Akt signaling cascade in TNF-𝛼-stimulated VSMCs.

4. Discussion

Our previous study suggested that andrographolide inhibits
LPS/IFN-𝛾-induced iNOS and MMP-9 expression in rat
VSMCs and revealed that andrographolide reduced neoin-
timal formation in a rat carotid injury model [13]. Recent
studies have indicated that andrographolide inhibits TNF-𝛼-
induced PI3K/Akt phosphorylation and subsequent NF-𝜅B
activation in vascular endothelial cells [25, 26]. In addition,
in a mouse model of vascular injury, mice lacking functional
TNF-𝛼 developed 14-fold less neointima than wild-type mice
did [27]. We hypothesized that the anti-inflammatory effects
of andrographolide in the rat model of vascular injury are
related to the modulating effects of andrographolide in TNF-
𝛼-stimulated VSMCs. Therefore, the objective of this study
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Figure 3: Effects of andrographolide on p38MAPK, ERK1/2, JNK, and Akt signaling pathways in TNF-𝛼-stimulated VSMCs. The VSMCs
were treated with PBS (resting group) or pretreated with andrographolide (20 and 50 𝜇M) or an equal volume of DMSO (solvent control)
for 20min, and TNF-𝛼 (10 ng/mL) was subsequently added for 10min. (a) p38MAPK phosphorylation, (b) ERK1/2 phosphorylation, (c) JNK
phosphorylation, and (d) Akt phosphorylation were evaluated as described in Section 2. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with the resting
group; #

𝑃 < 0.05 and ###
𝑃 < 0.001 compared with the TNF-𝛼 group. The data are presented as the mean ± SEM (𝑛 = 3).

was to examine the effect of andrographolide on signaling
molecules involved in TNF-𝛼-stimulated VSMCs. During
vascular inflammation, TNF-𝛼 gene transcription was time-
dependently upregulated, indicating the active involvement
of TNF-𝛼 in the development of cardiovascular disease [28].

TNF-𝛼 is a pleiotropic cytokine, and its receptor binding
leads to the activation of MAPK, Akt, and NF-𝜅B signaling
cascades [29], thereby eliciting a broad spectrum of cellular
responses involved in the control of VSMC proliferation,
migration, apoptosis, and inflammation. In the present study,
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Figure 4: Effects of andrographolide on I𝜅B𝛼 degradation and p65 activation in TNF-𝛼-stimulated VSMCs. The VSMCs were treated with
PBS (resting group) or pretreated with andrographolide (20 and 50 𝜇M) or an equal volume of DMSO (solvent control) for 20min, and
TNF-𝛼 (10 ng/mL) was subsequently added for 30min. (a) I𝜅B𝛼 degradation and (b) p65 phosphorylation were evaluated as described in
Section 2. ∗𝑃 < 0.05 and ∗∗∗𝑃 < 0.001 compared with the resting group; #

𝑃 < 0.05 compared with the TNF-𝛼 group. The data are presented
as the mean ± SEM (𝑛 = 3).

to increase the potential for using andrographolide to treat
cardiovascular diseases, we showed that andrographolide
inhibits TNF-𝛼-induced iNOS expression in rat VSMCs.

TNF-𝛼 induces VSMC inflammation through signal
transduction pathways that converge at MAPKs or NF-
𝜅B pathways [29]. MAPKs are activated in response to
inflammatory and atherogenic stimuli, such as PDGF-BB,
TNF-𝛼, oxidative stress, hypertension, and balloon injury,
and stimulate the expression of several inducible proteins
[30]. Furthermore, cellular responses to inflammatory stimuli
involve the activation of Akt signaling cascades. The results
reported by Chen et al. [26] indicated that andrographolide
reduced TNF-𝛼-induced Akt phosphorylation in vascu-
lar endothelial cells. Whether MAPKs and Akt contribute
to the anti-inflammatory property of andrographolide in
VSMCs has not been determined. In the present study, we
observed that andrographolide suppresses vascular inflam-
mation by inhibiting JNK and Akt signaling cascades, but not
p38MAPK and ERK1/2, in TNF-𝛼-stimulated VSMCs.

NF-𝜅B activation is securely controlled to ensure a func-
tional host defense and prevent tumorigenesis and hyper-
inflammation [22]. The NF-𝜅B common form in mainly
cell types is the p65/p50 heterodimer, and NF-𝜅B signaling
is governed by the IKK complex, which consists of IKK𝛼,
IKK𝛽, IKK𝛾, and the downstream substrate I𝜅B𝛼. After
stimulation, activated IKK phosphorylates I𝜅B𝛼, leading to
I𝜅B𝛼 degradation, enhanced NF-𝜅B nuclear translocation
and subsequent transcriptional activation [31]. However,
andrographolide did not affect I𝜅B𝛼 degradation in this

study. Sasaki et al. have suggested that p65 phosphorylated
on serine 536 is not associated with or regulated by I𝜅B𝛼,
that it has a distinct set of target genes, and that it may
represent a noncanonical NF-𝜅B pathway that is independent
of I𝜅B𝛼 regulation [24]. In this study, we observed that the
inhibition of p65 Ser536 phosphorylation may be related to
the andrographolide-mediated inhibition of NF-𝜅B in TNF-
𝛼-stimulated VSMCs.

Based on the data regarding the effects of andro-
grapholide on MAPKs and Akt in the present study, we
postulated that JNK and Akt must be inactivated to enable
andrographolide to attenuate p65 phosphorylation. The
prototype enzyme activated by PI3Ks is protein kinase B
(PKB/Akt), a serine-threonine kinase.ThreeAkt isoforms are
known, namely, Akt1, Akt2, andAkt3. Among these isoforms,
Akt1 appears to be the enzyme that is the most relevant to
cardiovascular functions [32]. Akt1, a crucial vascular effector
of PI3K, plays a determinant role in atheroprotection. In
double ApoE-Akt1 knockout mice, atherosclerotic lesions in
the aorta and coronary vessels are more severe than those in
ApoE-knockout controls. Loss of Akt1 in the vessel wall is
associated with increased inflammatory signaling [33]. Thus,
PI3Kg/Akt1 should be considered a fundamental molecular
axis for the pathobiology of atherosclerosis. JNK is an inflam-
matory and stress-sensitive kinase. Because JNKplays contra-
dictory roles in cell growth and death, the relative activation
of these proteins is vital for the inflammatory status of the cell.
As crucial upstream regulators in VSMC inflammation, Akt
and JNKplay key roles in the pathology of atherosclerosis [30,
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Figure 5: Regulatory effects of various signal inhibitors on p65 activation and Akt and JNK phosphorylation in TNF-𝛼-stimulated VSMCs.
The VSMCs were treated with PBS (resting group) or pretreated with LY294002 (10𝜇M), SP600125 (10𝜇M), or an equal volume of DMSO
(solvent control) for 20min, and TNF-𝛼 (10 ng/mL) was subsequently added for 10min ((b) and (c)) or 30min (a). (a) p65 phosphorylation,
(b) Akt phosphorylation, and (c) JNK phosphorylation were evaluated as described in Section 2. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with
the resting group; #

𝑃 < 0.05 compared with the TNF-𝛼 group. The data are presented as the mean ± SEM (𝑛 = 3).

32]. Studies support the hypothesis that MAPK is required
for the activation of several transcription factors, including
NF-𝜅B [34]. Bergmann et al. also demonstrated that the
inhibitor of p38 MAPK SB203580 abolished TNF-𝛼-induced
cytokine synthesis and blocked NF-𝜅B-mediated luciferase
transactivation [35]. As shown in Figure 5, we observed
that treatment with LY294002 (a PI3K/Akt inhibitor) and

treatment with SP600125 (a JNK inhibitor) in TNF-𝛼-
stimulated VSMCs reversed the andrographolide-mediated
inhibition of p65 phosphorylation; this observation is con-
sistent with the results of a previous study that indicated
that the PI3K/Akt and JNK signaling pathways regulate NF-
𝜅B activation [26, 36]. In addition, based on our results,
LY294002 and SP600125 diminished Akt phosphorylation,



8 The Scientific World Journal

p65p50

p65p50

p65p50

Akt

I𝜅B𝛼

Andrographolide

P

P

JNK

P

P

TNF-𝛼

iNOS
expression

I𝜅B𝛼 degradation

Nucleus

I𝜅B𝛼

Cytosol

Figure 6: Diagram of the hypothetical inhibitory mechanism of andrographolide-induced effects in TNF-𝛼-stimulated VSMCs. TNF-𝛼
triggers the expression of iNOS through I𝜅B𝛼-(I𝜅B𝛼-p65) and I𝜅B𝛼-independent (JNK-Akt-p65) pathways.

whereas LY294002 had no effects on JNK phosphorylation.
Golden et al. have also found that combination of the MAPK
Kinase-JNK1 signaling module with Akt represents a crucial
stress-activated signalosome that may present protection to
sustain cardiac contractility and maintain normal levels of
Ca2+ [37]. These results may indicate that JNK, as a crucial
upstream regulator, plays a key role to regulate the Akt
phosphorylation in TNF-𝛼-stimulated VSMCs.

Multiple lines of evidence have suggested that a NO-
derived oxidant, peroxynitrite, contributes to inflamma-
tory cardiovascular diseases, such as atherogenesis [5]. Our
results indicated that andrographolide significantly dimin-
ished iNOS expression in TNF-𝛼-stimulated VSMCs by
attenuating theAkt and JNK signaling cascade.Moreover, our
data suggested that the I𝜅B𝛼-independent inhibition of NF-
𝜅B activation occurs through the JNK-Akt signaling cascade
to regulate the activation of p65 phosphorylation (Figure 6).
In conclusion, andrographolide is a potential therapeutic
agent that can be applied in treating and preventing inflam-
matory vascular diseases.
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Hyperglycaemia, a characteristic feature of diabetes mellitus, induces endothelial dysfunction and vascular complications by
limiting the proliferative potential of these cells. Here we aimed to investigate the effect of an ethanolic extract of Sanguis draconis
(SD), a kind of dragon’s blood resin that is obtained from Daemonorops draco (Palmae), on human umbilical vein endothelial
cells (HUVEC) under high-glucose (HG) stimulation and its underlying mechanism. Concentration-dependent (0–50𝜇g/mL)
assessment of cell viability showed that SD does not affect cell viability with a similar trend up to 48 h. Remarkably, SD (10–
50 𝜇g/mL) significantly attenuated the high-glucose (25 and 50mM) induced cell toxicity in a concentration-dependent manner.
SD inhibited high glucose-induced nitrite (NO) and lipid peroxidation (MDA) production and reactive oxygen species (ROS)
formation in HUVEC. Western blot analysis revealed that SD treatments abolished HG-induced phosphorylation of extracellular
signal-regulated kinase 1/2 (ERK 1/2), nuclear transcription factor, 𝜅B (NF-𝜅B), VCAM-1, and E-selectin, and it also blocked the
breakdown of PARP-116 kDa protein in a dose-dependent manner. Furthermore, we found that SD increased the expression of
Bcl-2 and decreased Bax protein expression in HG-stimulated HUVEC. Thus, these results of this study demonstrate for the first
time that SD inhibits glucose induced oxidative stress and vascular inflammation in HUVEC by inhibiting the ERK/NF-𝜅B/PARP-
1/Bax signaling cascade followed by suppressing the activation of VCAM-1 and E-selectin. These data suggest that SD may have a
therapeutic potential in vascular inflammation due to the decreased levels of oxidative stress, apoptosis, and PARP-1 activation.

1. Introduction

Vascular disorders through overexpression of adhesion
molecules are thought to play in the pathogenesis of athe-
rosclerosis. Adhesion molecules are proteins which regulate

the interaction between endothelium and leukocytes. An
increase in their expression on the endothelial surface causes
increased adhesion of leukocytes. Endothelial cells in human
atherosclerotic lesions have been shown to overexpress
intercellular adhesion molecule-1 (ICAM-1), vascular cell
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adhesionmolecule-1 (VCAM-1), and E-selectin [1], and adhe-
sion molecules are reported to activate by nuclear transcrip-
tion factor-𝜅B (NF-𝜅B). Previous studies have shown that
high glucose activates NF-𝜅B, one of the transcription factors
for proinflammatory genes. NF-𝜅B is present in the cyto-
plasm as an inactive form bound to its inhibitor molecule,
inhibitory factor ofNF-𝜅B-𝛼 (I𝜅B-𝛼). Translocation ofNF-𝜅B
from the cytoplasm to the nucleus is preceded by the phos-
phorylation, ubiquitination, and proteolytic degradation of
I𝜅B-𝛼 [2]. Moreover, during the oxidative stress, endothelial
cells generate ROS, such as superoxides and peroxynitrite,
leading to low-density lipo protein (LDL) oxidation, and
the formation of ROS together with inflammatory factors
including chemokines, cytokines, and adhesion molecules
has been shown to be increased in atherosclerotic lesions
[3]. Hyperglycemia induces mitochondrial superoxide pro-
duction and prevents activity and expression of endothelial
nitric oxide synthase (eNOS) in endothelial cells [4]. ROS can
modify endothelial function by a variety ofmechanisms, such
as peroxidation of membrane lipids, activation of NF-𝜅B, and
decreasing the availability of nitric oxide (NO) [5].

Poly (ADP-ribose) polymerase (PARP), an abundant
nuclear enzyme, initiates an energy consuming cellular
metabolic cycle by transferring ADP-ribose units from
NAD+ and ATP to nuclear proteins that leads to cellular
metabolic disturbances and culminates in endothelial dys-
function [6]. It has been demonstrated that hyperglycemia
induces PARP activation in endothelial cells in culture as
well as in the vasculature of diabetic animals [6]. Recent
studies have also established that activation of PARP plays
a pivotal role in the overexpression of adhesion molecules
and cytokines [7] and also on peroxynitrite formation [8]. In
addition, a study has suggested that activation of PARP-1 is
reported to be associated with hyperglycemia-induced ROS
formation, as it is evidenced that PARP inhibitors blocked
ROS production [9]. These observations lead to the sugges-
tion that PARP-1, CAMs, ROS, and NF-𝜅B inhibitors could
be used as a therapeutic strategy in diabetic complications.

Sanguis draconis (SD) is a kind of red resin that is obtained
from several botanical origins, and most SD that is traded
internationally is from Daemonorops [10]. SD has long been
used as a traditional Chinese medicine for improving blood
circulation, stopping hemorrhages, and healing wounds and
cuts and is also used as an antiseptic [11]. Hou et al. have
reported that SD can ameliorate the progress of insulin
resistance and enhance insulin sensitivity [12], and it has
been elucidated that SD could efficiently reduce diabetics
by inhibiting high plasma lipid level [13] and intestinal
carbohydrate absorption [14]. On the other hand, SD has also
found to inhibit platelet aggregation, thrombus formation,
and myocardial ischemia [15]. Our previous studies have
described that SD inhibits streptozotocin-induced iNOS
protein expression, pancreatic injury, and lipid peroxidation
via the inhibition of NF-𝜅B activation [16], and it also inhibits
the production of NO and prostaglandin E2 (PGE2) by
downregulating iNOS and COX-2 gene expression via the
suppression of NF-𝜅B (p65) activation [17]. We postulated
that SD can retreat the effects induced by high glucose
concentration in endothelial cells; therefore, we evaluated

the effect of SD on ROS, NO, and MDA production and
expression of adhesion molecules NF-𝜅B, PARP-1, ERK, and
on Bax-Bcl2 in HUVEC treated with high concentrations of
glucose.

2. Materials and Methods

2.1. Preparation of the Ethanolic Extract of S. draconis.
Commercially available plant material (Sanguis draconis) was
purchased from a traditional Chinese medicine drug store
and the authenticity of SDwas confirmed by ProfessorChing-
Chiung Wang of the School of Pharmacy, Taipei Medical
University. A certificate of source and specimen is kept at our
lab. Other details of preparation of SD are described in our
previous paper [17].

2.2. Chemicals and Reagents. Cell culture reagents including
M-199 medium, L-glutamine, penicillin, streptomycin, and
fetal bovine serum were obtained from Gibco BRL (Grand
Island, NY, USA). Anti-mouse and anti-rabbit immunoglob-
ulin G-conjugated horseradish peroxidase (HRP) was pur-
chased from Amersham Biosciences (Sunnyvale, CA, USA)
and/or Jackson-ImmunoResearch (West Grove, PA, USA).
Anti-eNOS, anti-p-NF-𝜅B, anti-cleaved PARP, anti-VCAM-
1, anti-Bax, and Bcl2 were all purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The anti-p42/p44
ERK (Thr202/Tyr204) was from Cell Signaling (Beverly,
MA,USA).TheHybond-P polyvinylidene difluoride (PVDF)
membrane, enhanced chemiluminescence (ECL) Western
blotting detection reagent, and analysis systemwere obtained
from Amersham (Buckinghamshire, UK). All other chemi-
cals used in this study were of reagent grade.

2.3. Isolation andCulture ofHUVEC. Humanumbilical cords
were obtained from the Hospital of National Taiwan Univer-
sity, Taipei, Taiwan, and human umbilical vein endothelial
cells were isolated by enzymatic digestion as described pre-
viously [18]. After 15-min incubation with 0.1% collagenase
at 37 ± 0.5∘C, umbilical cord vein segments were perfused
with 30mL of medium 199 containing 10U/mL penicillin
and 100 𝜇g/mL streptomycin for the collection of cells.
After centrifugation for 8min at 900×g, the cell pellet was
resuspended in previous medium supplemented with 20%
heat-inactivated fetal bovine serum, 30 𝜇g/mL endothelial
cell growth supplement, and 90 𝜇g/mL heparin. Confluent
primary cellswere detached by trypsin, EDTA (0.05% : 0.02%,
v/v), and passages between three and five were used in the
experiments. Cultures had typical cobblestone morphology
and stained uniformly for human von Willebrand factor
(vWF) [19] as assessed by indirect immunofluorescence.

2.4. Cell Viability Assay. The viability of HUVECs upon
treatment of glucose, SD alone, and combined together was
measured by a colorimetric MTT assay. Briefly, HUVECs
(2 × 105 cells/well) were seeded on 24-well plates and cul-
tured in DMEM containing 10% FBS for 24 h. HUVECs
were treated with glucose at concentrations of (5.5–150𝜇M)
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and SD (10–50 𝜇g/mL) alone and pretreated with SD (10–
50𝜇M) in glucose (25 and 50mM) induced cells or an
isovolumetric solvent control (0.1% DMSO) for 24 or 48 h.
The cell number was measured based on the ability of
mitochondria in viable cells to reduce MTT as previ-
ously described [17]. The cell number index was calcu-
lated as the absorbance of treated cells/control cells ×
100%.

2.5.Measurement of Intracellular ROS. StarvedHUVECs (2×
105 cells/well) were loaded withDCF-DA (20 𝜇M) for 20min.
After treatment with SD (50𝜇g/mL) for 2 hr, cells were
stimulated with glucose (25–75mM) for 24 hr, washed with
PBS, and then detached using trypsin. Levels of intracellular
ROS were detected by flow cytometry (Beckman Coulter).
All experiments were repeated at least four times to ensure
reproducibility.

2.6. Determination of Nitrite Production. HUVECs cultured
in 12-well plates were washed twice with Hanks balanced salt
solution (HBSS) and then incubated at 37 ± 0.5∘C in the
same buffer for 30min with various concentrations of SD.
Acetylcholine (30 𝜇M) was used as a positive control. Super-
natants were collected and then injected into a nitrogen purge
chamber containing vanadium(III) chloride in hydrochloric
acid at 91 ± 0.5∘C. All NO metabolites can be liberated
as gaseous NO and reacted with ozone to form activated
nitrogen dioxide that is luminescent in red and infrared
spectra. The chemiluminescence was detected using a nitric
oxide analyzer (NOA280, Sievers Instruments, Boulder, CO,
USA) [20]. For calibration, the area under the curve was
converted to nanomolar NO using a NaNO

3
standard curve,

and the final data were expressed as pmol/mg protein.

2.7. Lipid Peroxidation Assay. Lipid peroxidation was assayed
by the thiobarbituric acid (TBA) reaction method. The cells
were homogenized in ice-cold 1.15% KCl. The samples were
used to measure the malondialdehyde (MDA) formed in a
peroxidizing lipid system. The amount of thiobarbituric acid
reactive substance (TBARS) was determined using a standard
curve of 1,1,3,3-tetramethoxypropane.

2.8. Western Blot Analysis. Western blot analysis was per-
formed as previously described [21]. Lysates from each
sample were mixed with 6× sample buffer (0.35M Tris,
10%w/v SDS, 30% v/v glycerol, 0.6M DTT, and 0.012%w/v
bromophenol blue, pH6.8) and heated to 95∘C for 5min. Pro-
teins were separated by electrophoresis and transferred onto
polyvinylidene difluoride (PVDF) membranes for pERK1/2,
p-eNOS, pNF-𝜅B, VCAM-1, PARP, Bax, and Bcl2. The
membranes were blocked with 5% nonfat milk in TBS-0.1%
Tween 20 and sequentially incubated with primary antibod-
ies and HRP-conjugated secondary antibodies followed by
enhanced chemiluminescence (ECL) detection (Amersham
Biosciences). BIO-PROFIL Bio-1D light analytical software
(Vilber Lourmat, Marne La Vallee, France) was used for the
quantitative densitometric analysis. Data of specific protein

levels are presented as relative multiples in relation to the
control.

2.9. Statistical Analyses. The experimental results are
expressed as the mean ± SEM and are accompanied by the
number of observations. For analysis of the results, a one-way
analysis of variance (ANOVA) test was performed using
Sigma Stat v3.5 software. When group comparisons showed
a significant difference, the Student-Newman-Keuls test was
used. A 𝑃 value of <0.05 was considered to be statistically
significant.

3. Results

3.1. Effects of SD on HUVEC Cell Viability. The cytotoxic
effect of various concentrations of SD and glucose on
HUVECs cells was measured by MTT assay. The results
indicated that SD did not affect the viability of HUVEC
at the used concentrations of 0–50 𝜇g/mL for 24 and 48 h
(Figures 1(a) and 2(b)). However, treatment of cells with
glucose (5.5–150𝜇M) decreased the cell viability of HUVEC
in a concentration dependent manner. Interestingly, cells
simultaneously incubated with glucose (25 and 50mM) and
SD (0–50𝜇g/mL) increased cell viability in a concentration
dependent manner (Figures 1(c), 1(d), 1(e), and 1(f)).

3.2. SD Inhibited HG-Induced ROS and NO Production. To
investigate the effectiveness of SD in inhibiting HG-induced
ROS formation in HUVECs, a cell-permeative ROS-sensitive
dye, DCFDA (nonfluorescent in a reduced state but fluores-
cent upon oxidation byROS), was used.The intracellular level
of ROS in HUVECs increased concentration dependently
following incubation with high glucose (25–75mM) com-
pared with 5.5mM glucose. Incubation of HUVECs with SD
resulted in a marked reduction of HG-induced intracellular
ROS generation (Figure 2(a)). Contrary to our expectations,
glucose increased NO production instead of reducing it;
however, when HUVECs were treated with SD plus glucose,
SD completely abrogated the production of NO induced by
glucose (Figure 2(b)).

3.3. SD Inhibited HG-Induced MDA Production. Studies
have indicated that damaging cell membranes may cause a
decrease of cell viability through peroxidation of membrane
lipids. Therefore, we projected to estimate the levels of MDA
in the present study. As shown in Figure 2(c), MDA, amarker
of lipid peroxidation, was markedly elevated in HG-induced
HUVEC. However, treatment of SD (50𝜇g/mL) significantly
attenuated the elevation of MDA concentration in HG-
stimulated HUVEC.

3.4. SD Enhanced the Phosphorylation of eNOS. The result
showed that SD (30 and 50𝜇g/mL) alone had no influence on
the protein expressions of phosphorylated eNOS at Ser1177,
whereas high glucose leads to a significant decrease in the
expression of eNOS (Figure 3(a)). Treatment with SD signif-
icantly attenuated the decreased level of eNOS expression.
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Figure 1: Effects of SD on the cell viability of human umbilical vein endothelial cells (HUVEC): ((a), (b)) the viability of HUVECs during
treatment with various concentrations (10–50𝜇g/mL) of SD for 24 and 48 h; ((c), (d)) the viability of HUVECs during treatment with various
concentrations (25–150mM) of glucose for 24 and 48 h; ((e), (f)) the viability of HUVECs upon treatment with various concentrations (0–
50 𝜇g/mL) of SD in glucose-induced (25 and 50mM) HUVECs for 24 and 48 h. Data are shown as the mean ± SEM of three independent
experiments. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01, compared with the glucose treated group.
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Figure 2: Effects of SD on HG-induced formation of ROS, NO, and LPO in HUVECs: (a) ROS production was determined as described in
Materials andMethods; (b) the nitrite concentration in the culture mediumwas determined by Griess reagent; and (c) lipid peroxidation was
assayed by measuring the amount of TBARS formation (malondialdehyde, MDA); Data are shown as the mean ± SEM of three independent
experiments. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01, compared with the normal group; #

𝑃 < 0.05; ##
𝑃 < 0.01, compared with the HG-treated group.

3.5. SD Inhibited the Phosphorylation of ERK and NF-𝜅B. To
determine whether SD affects the activation of the MAPK
pathway, we analyzed the phosphorylation levels of pERK
MAPK. First, HUVECs were pretreated with SD (30 and
50𝜇g/mL) for 30min and then stimulated with 50mM
glucose for 1 h. The HG-induced increased phosphorylation
of pERK was inhibited by SD in a concentration-dependent
manner (Figure 3(b)) and restored it to the level in cells
exposed to 5.5mM glucose. Moreover, we measured NF-
𝜅B activation in HG-induced HUVECs, as it is suggested
that increased ROS production in HG-induced HUVECmay
partially cause the activation of NF-𝜅B. As we expected, the
expression ofNF-𝜅Bwas increasedmarkedly inHUVEC cells
treated with high glucose (50mM). In addition, pretreatment
with SD (30 and 50𝜇g/mL) markedly inhibited the HG-
induced expression of NF-𝜅B concentration dependently
(Figure 3(c)).

3.6. Effects of SD on HG-Induced Endothelial Cell Adhesion
Molecules. To examine whether glucose induces expres-
sion of VCAM-1 and E-selectin in HUVECs, we cul-
tured HUVECs at normal glucose (5.5mM) and high glu-
cose (50mM) concentrations for 24 h. Immunoblot analysis
showed that stimulation of HUVECs with high concentra-
tions of glucose increased the production of VCAM-1 and
E-selectin (Figure 4(a)). To further determine whether SD
can inhibit the expression of endothelial adhesion molecules,
HUVECs were pretreated with SD at concentrations of 30
and 50 𝜇g/mL and stimulated with 50mM glucose for 24 h.
As shown in Figure 4(a), pretreatment of SD in HUVEC
significantly inhibited theHG-induced expression of ICAM-1
and E-selectin in a concentration manner.

3.7. Effects of SD on HG-Induced PARP-1 Overactivation. As
previously described, the full PARP-1 protein is 116 kDa, and



6 The Scientific World Journal

p-eNOS

Glucose (mM) 50 50 50

5030

5.5 5.5 5.5

− 5030−

𝛽-Actin

SD (𝜇g/mL)

(a)

p-ERK
(42/44)

Glucose (mM) 50 50 50

5030

5.5 5.5 5.5

− 5030−

𝛽-Actin

SD (𝜇g/mL)

(b)

Glucose (mM) 50 50 50

50

5.5 5.5

− 5030−

𝛽-Actin

p-NF𝜅B

SD (𝜇g/mL)

(c)

Figure 3: Effects of SD on HG-induced phosphorylation of eNOS,
ERK, and NF-𝜅B in HUVECs: HUVECs (2 × 105 cells/well) were
pretreated with SD (30 and 50 𝜇g/mL) for 2 h and then treated with
glucose (50mM) for 30min to detect the phosphorylation of (a)
eNOS, (b) ERK1/2, and (c) NF-𝜅B. The 𝛽-actin was used as an
internal control.

the 85 kDa cleavage product is an early marker of apoptosis.
In this experiment, we detected both the 116 kDa full PARP
protein and the 85 kDa breakdown product. The results
revealed that exposure of HUVEC to high glucose concentra-
tions (50mM) for 24 h resulted in a significant decrease in the
amount of PARP-116 kDa protein and increased their break-
down product of 85 kDa protein. Interestingly, treatment of
SD alone significantly enhanced the amount of PARP-116
full protein in HUVEC. Moreover, the amount of 85 kDa
PARP breakdown product induced by high glucose (50mM)
was markedly reduced in SD treated cells in a concentration
dependent manner (30 and 50𝜇g/mL) (Figure 4(b)).

3.8. Effects of SD on HG-Induced Bcl-2/Bax Expression. As
shown in Figure 2(a), the inhibition of HG-induced ROS by
SD led us to evaluate any possible effects of SD on other
mediators of oxidative stress-induced apoptosis. The results
revealed that the ratio between the anti- and proapoptotic
mediators Bcl2 and Bax was not much affected by SD
treatment alone, especially that Bcl-2 did not alter between
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Figure 4: Effects of SD on HG-induced expression of VCAM-
1, E-selectin, PARP-1, and Bax/Bcl2 in HUVEC: HUVECs (2 ×
105 cells/well) were pretreated with SD (30 and 50𝜇g/mL) for 2 h
and then treated with glucose (50mM) for 30min to detect the
expression of (a) VCAM-1 and E-selectin, (b) PARP-1, and (c)
Bax/Bcl2. The 𝛽-actin was used as an internal control.

normal and SD treated cells (Figure 4(c)). Moreover, HG-
induced Bax wasmoderately reversed by SD, which indicated
that Bax might play a role in this effect.

4. Discussion

In diabetes, hyperglycemia causes vascular complications
that are produced mainly by the overproduction of ROS [22].
Dysfunction and activation of the endothelium are regarded
as important factors in the pathogenesis of vascular disease
in diabetes mellitus [23]. In this work, we evaluated the
protective effect of Sanguis draconis (SD), a kind of red resin,
against the dysfunction and activation of endothelial cells
induced by high concentrations of glucose.Themajor finding
of this study is that SDwas capable of attenuating the increase
of ROS, NO, andMDA and inhibits overactivation of PARPs,
VCAM-1, NF-𝜅B, and Bcl2 in cells exposed to high glucose
concentration, and our data contribute in part to elucidate the
molecular mechanisms involved in this effect.
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Oxidative stress, a hallmark of high glucose-induced
endothelial dysfunction, was significantly attenuated by SD
treatment in the current study.There is growing evidence that
oxidative stress is involved in the pathogenesis of diabetic
complications [24] and an acute increase of glycemia is
reported to be accompanied by oxidative stress generation
[25]. Lipid peroxidation (LPO), a process induced by free
radicals, leads to oxidative deterioration of polyunsaturated
lipids. Malondialdehyde (MDA), a secondary product of
lipid peroxidation, is used as an indicator of tissue or cell
damage. In previous studies, it was found that MDA level
was increased in HUVECs when cells were incubated with
glycated protein and iron [26]. An increased production of
ROS has been reported in inflammatory responses, and it
acts as a potential mediator of diabetes mellitus-associated
vascular diseases. ROS is also considered to be of the impor-
tant mediators of several biologic responses, including cell
proliferation and extracellular matrix deposition. A recent
study showed that hyperglycemia stimulates the generation
of free radicals and oxidative stress in various cell types [27].
In this study, an elevation in HG-mediated production of
cellular MDA and ROS indicate that oxidative stress induced
by high glucose in HUVEC is important in determining
the character of diabetic complication as well as vascular
inflammation. Interestingly, we found that SD treatment
potentially inhibited the high glucose-induced MDA and
ROS formation, suggesting a role of protecting oxidative
insults in HG-induced HUVEC.

Bioavailability of endothelial NO observed in individ-
uals with hyperglycemia is considered to be a critical and
initiating factor in the pathogenesis of diabetic vascular
complications [28]. NO is synthesized in endothelial cells
from the substrate L-arginine via endothelial NO synthase
(eNOS) [26], and this enzyme plays an important role for
the maintenance of cardiovascular function by producing
NO synthesis. Nevertheless, this enzyme can be detached,
leading to the generation of superoxide instead of NO
under certain pathological circumstances and oxidative stress
conditions [29]. Our previous study showed that SD inhibits
NO production induced by IL-1𝛽/IFN-𝛾 in endothelial cells
[17]. The results of this study revealed that high glucose
causes a significant degree of oxidative stress, which leads to
increases in the formation of NO; convincingly pretreatment
of SD could reverse the effect of high glucose by suppressing
NO production. These results indicate that SD may have a
protective effect on HUVEC by preventing or decreasing the
injury of endothelial cells by interfering with NO synthase
and NO.

In HUVEC, high glucose-induced cellular damage could
lead to cell apoptosis probably viaERK activation. To make
this hypothesis solid, we next aimed to gain insight into
the cell signaling pathways mediating the action of SD
on HG-induced human endothelial cells. We found that
HG potentiated the activation of both ERK1/2 and NF-
𝜅B, indicating that overactivation of endothelial signaling
molecules can be triggered by HG stimulations. ERK is
the signal cascade involved in the protection of oxidative
damage and its activation is generally thought to mediate
cell survival [30]. In agreement with our study, a previous

study has shown that high D-glucose activates the ERK1/2,
NF-𝜅B, and iNOS when this signaling pathway is formerly
triggered by an exogenous inflammatory stimulus in cul-
tured HUVEC [31]. Chronic activation of NF-𝜅B is associ-
ated with various pathological conditions, including insulin
resistance. Human subjects with type 2 diabetes exhibit
increased activity of NF-𝜅B in muscle that directly correlates
with impaired insulin mediated glucose disposal. Enduring
hyperglycemia and/or extreme perturbations in glycemia
are common generators of oxidative stress, which has been
shown to induce insulin resistance through activity of NF-
𝜅B. Interestingly, administration of the common salicylate
aspirin (7.0 g/day) in patients with type 2 diabetes enhances
glucose homeostasis and peripheral insulin sensitivity, at least
in part through the inhibition of NF-𝜅B nuclear activity
[32]. Targeted manipulation or ablation of NF-𝜅B, therefore,
remains at the forefront of innovative treatments for diabetes
and inflammatory pathologies. Our study also shows that
high glucose elevated the expression of NF-𝜅B in HUVEC
and these effects were blocked by SD treatment. Changes in
expression of activated ERK and NF-𝜅B closely reflect the
cell damage; such results suggest that high glucose-induced
HUVEC cell damage is protected, at least partly, by inhibiting
ERK and NF-𝜅B activation.

In agreement with others [33], we have further found that
ERK1/2 andNF-𝜅B activation was responsible for endothelial
VCAM-1 and E-selectin induction. Other signalingmolecule,
like PARP-1, has been reported as promoters of ICAM-1
expression in different vascular cell types [34] and might
therefore be involved in the induction of ICAM-1 in HG-
induced HUVEC. Adhesion induced by glucose was almost
completely abrogated by SD when added before the addi-
tion of glucose, indicating that SD can have a preven-
tive and protective effect against the endothelial activation
induced by hyperglycemia. SD treatment was also capable
of decreasing the glucose-induced expression of VCAM-
1 and E-selectin. Similar results have been described in a
previous study in endothelial cells, where they have reported
that dehydroepiandrosterone (DHEA), an adrenal steroid
abrogated expression of adhesion molecules in HUVEC,
activated with either TNF-𝛼 or oxidized low density proteins
[35]. Recently, various phytochemicals have been shown to
inhibit the expression of adhesion molecules in endothe-
lial cells. For instance, epigallocatechin-3-O-gallate (EGCG)
inhibits angiotensin II-induced adhesion molecule expres-
sion by inhibiting p38 MAPK and ERK1/2 phosphorylation
[36]. Anthocyanins inhibited TNF-𝛼-induced ICAM-1 and
VCAM-1 expressions via the NF-𝜅B-dependent pathway
[37]. Phloretin inhibited the TNF-𝛼-stimulated expression
of adhesion molecules without activating NF-𝜅B [38]. Grape
seed proanthocyanidin extract inhibited VCAM-1 expres-
sion in HUVECs via the NF-𝜅B-independent pathway [39].
In this study, the observed effect of SD on suppressing
HG-induced expression of VCAM-1 and E-selectin may
perhaps via inhibition of the ERK1/2 phosphorylation and
NF-𝜅B-dependent pathway. Thus, development of thera-
peutic drugs for diabetic complications targeting CAMs
expression may prove useful in the prevention of vascular
inflammation.
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Moreover, recent studies have demonstrated that activa-
tion of PARP is associated with the pathogenesis of diabetes
and diabetic complications, including cardiovascular dys-
function. PARP has been shown to act as a coactivator in NF-
𝜅B-mediated transcription [40]. Some studies have indicated
that PARP inhibitor prevents the diabetes-induced eleva-
tion in circulating nitrite levels in streptozotocin-induced
diabetes. A study has reported that PARP deficiency sup-
presses NF-𝜅B activation in cultured endothelial cells under
high glucose stimulation [6], another study has also shown
that NF-𝜅B is regulated by PARP in diabetic retinopathy
[41]. In this study, it was found that high glucose induced
breakdown of the full PARP protein-116 kDa in HUVECs.
It has been demonstrated that PARP-1 inhibition attenuates
the development of albuminuria and podocyte apoptosis
and depletion in diabetic mice [42]. Our findings revealed
that SD significantly abrogated HG-stimulated breakdown
of the full protein PARP-116 in HUVEC. Furthermore, the
ROS reducing effect of SD prompted us to verify whether
this drug could reduce apoptosis rate by affecting other
regulators of the oxidative stress-induced apoptosis, such as
the anti- and proapoptotic Bcl2 family members Bcl2/Bax
(Figure 4(c)). We noticed a significant variation in Bcl2/Bax
ratio in HG compared to normal glucose-treated cells.
However, SD treatment only affected Bax, as it significantly
reduced their expression in HG-induced HUVEC cells. This
result indicates that SD reduces HG-induced endothelial
apoptotic rate via Bax inhibition, favoring the maintenance
of the integrity of the endothelial cells and thus possibly
contributing to reduce vascular inflammation. A previous
study has also demonstrated that the ratio between Bcl2/Bax
was not affected by fenofibrate, a PPAR𝛼 agonist, and also
did not differ between normal and high glucose conditions
[43].

In conclusion, the present work provides experimental
evidence that Sanguis draconis (SD) could suppress high
glucose-induced endothelial dysfunction and oxidative stress
via inhibition of ERK/NF-𝜅B/PARP-1 activation in primary
cultured HUVEC. Moreover, SD was found to exert an
inhibitory effect against the HG-induced production of
oxidative stress markers, including ROS, NO, and LPO, and
the activation of VCAM-1 and E-selectin in HUVECs. Taken
together, the results of this study may suggest that SD might
be very useful in the treatment of diabetes mellitus vascular
complications.
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of poly (ADP-ribose) synthetase inhibits the expression of P-
selectin and intercellular adhesion molecule-1 in myocardial
ischemia/reperfusion injury,” Circulation Research, vol. 83, no.
1, pp. 85–94, 1998.

[8] A. Ceriello, L. Quagliaro, M. D'Amico et al., “Acute hyper-
glycemia induces nitrotyrosine formation and apoptosis in
perfused heart from rat,” Diabetes, vol. 51, no. 4, pp. 1076–1082,
2002.
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