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Editorial

Diagnosis and treatment trends in biomedicine

It is well known that changing lifestyles and greater life expectancy heighten the risk of chronic disorders. Recent years
have witnessed various alternative and novel treatment approaches to such complications. Topics covered by this issue
of Biomedicine include clinical and fundamental research in the
realm of treating and diagnosing clinical conditions such as
cardiac diseases, cancer, and immune system disorders.
Exploring pharmaceutical applications of traditional medicines is now widely thought safe and advantageous with regard to human toxicological study. Chang et al report that
extract from the traditional Chinese remedy Alpinate Oxyphyllae fructus protects cardiomyocytes from apoptosis. They
conclude that Alpinate Oxyphyllae fructus has potential to
ameliorate the events in cardiac remodeling. With new
pharmaceutical products introduced, researchers look for
alternate approaches to offer patients top-flight supportive
care to improve quality of life and survival, particularly during
and after chemotherapeutic regimens. In a clinical study from
France, Cipolla et al report on feasible strategy for chemotherapeutic outcome of docetaxel treatment in metastatic
castration-resistant prostate cancer. According to their findings, it is vital to avoid consumption of diet containing polyamine during treatment regimens for castration-resistant
prostate cancer.
Although pharmaceuticals and their efficacy are evaluated
worldwide by various strategies and methods, superior
screening to monitor real time actions of drugs looms essential.
Ho et al report evaluation on in vitro and in vivo antimicrobial
activity of Galla chinensis extract, using bioluminescent Escherichia coli in vitro and in intestines of experimental mice. Findings
highlight in vivo bioluminescent imaging as a rapid and reliable
approach to assess activity of potential antibacterial agents.
Factors that play a chief role in disease progression
(oxidized low-density lipoproteins, proinflammatory cytokines, adhesion molecules, inflammatory stimulants, and a
host of other acute-phase reactants) are considered as

efficient diagnostic markers. Two articles propose leptin as a
novel marker to diagnose the onset of clinical complications.
In a cross-sectional study among human volunteers, Priya
et al correlate the increase in fasting serum leptin levels,
among postmenopausal women of South India, as a risk factor
of diabetes; obesity, and cardiovascular disease. Leptins, claim
Lin et al, also play a pivotal role in the invasion of human
colon cancer cells. Su et al suggest that certain biliary cytokines can be considered as a marker of acute cholecystitis
(inflammation of the gall bladder). This diagnosis strategy
would help in cases where physical examination is not
possible.
Here I should like to take the opportunity to extend my
sincere acknowledgement to authors and readers of Biomedicine, for their support and cooperation that have helped the
journal reach its current prosperity.
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Methods: Western blotting was used to analyze the molecular mechanism involved in Ang
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1.

Introduction

With a constant increase in life expectancy, the elderly
population is expanding rapidly (conventionally, a cutoff
point for advanced age in humans may be set at 65 years).
The magnitude of the problem arising from this factor was
emphasized in a recent report stating that individuals
normotensive at 55 years of age have a 90% lifetime risk of
developing hypertension [1]. Therefore, aging is often
considered a significant risk for cardiac disease [2]. In the
elderly, systolic blood pressure increases because of the
arterial stiffness produced by structural alterations of arterial walls that occur with aging [3]. Consequently, aging
poses major health concerns, and quite commonly contributes to cardiovascular morbidity and mortality via severe heart damage.
Angiotensin II (Ang II) plays an important role in cardiovascular diseases, for example, hypertension, atherosclerosis,
left ventricular hypertrophy (LVH), and heart failure [4e10].
Most studies demonstrate that Ang II induces cardiovascular
hypertrophy, cardiac apoptosis, mitochondrial dysfunction,
and cardiac remodeling through activation of the Ang II type 1
receptor (AT1R) [4,7,11,12]. However, the opposite theory indicates AT2R causes opposite effects, for example, cardiac
growth-promoting effects [13e17]. Although the functions of
both major Ang II receptors prove ambiguous, the harm
caused by Ang II to cardiomyocytes is beyond question
[10,18e22]. In cardiac hypertrophy, calcium-dependent phosphatase calcineurin dephosphorylates the nuclear factor of
activated T cells 3 (NFAT3) transcription factor, allowing it to
translocate to the nucleus, after which atrial natriuretic (ANP)
and b-type natriuretic peptide (BNP) are overexpressed. Gaq
signaling and the mitochondrial membrane potential play
vital roles in cardiomyocyte apoptosis [23].
Insulin-like growth factor II (IGF-II) also stimulates
myocardial hypertrophy, apoptosis, and remodeling [24e27].
Our prior study demonstrated that Ang II seems to induce IGFII and IGF-II R via extracellular signal-regulated kinases (ERK)
and c-Jun N-terminal kinase (JNK) signaling pathways,
respectively, and further activates cardiac cell apoptosis
through calcineurin-dependent pathways [28], ultimately
causing heart failure.
Alpinate Oxyphyllae fructus (AOF; Alpinia oxyphylla Miq)
ranks among the most important traditional Chinese medicines and has been used to treat diarrhea, polyuria, ulceration,
dementia, tumors, and gastralgia, according to Chinese
Pharmacopoeia [29]. Several experiments indicate its potential as a neuroprotective agent, both in water and ethanol
extracts [29e33]. In Korea, AOF serves as a medicinal plant,
also used to treat various symptoms accompanying hypertension and cerebrovascular disorders [30].
Methanol extract of AOF reportedly has cardiotonic
effectiveness [34]; whether it has protective and rescue
effects on Ang II-stimulated H9c2 cardiomyocytes
remains unknown. This study evaluates the pathophysiological mechanisms of AOF in cardiac hypertrophy,
apoptosis, and the mitochondrial dysfunction and remodeling induced by Ang II treatment in cardiomyoblast H9c2
cells.

2.

Materials and methods

2.1.

AOF extraction

149

We purchased AOF in fragmented form from Shin-Long
Pharmaceutical Company (Taichung, Taiwan); 150 g of AOF
fragment was extracted with 600 mL of boiling water for 2
hours. The filtrate was concentrated at reduced pressure for
convenience. The extract solution was stored at 4 C and
spray-dried to yield a powdered extract.

2.2.

Cell culture

H9c2 cardiomyoblasts from the American Type Culture
Collection (ATCC, CRL-1446, Rockville, MD, USA) were
cultured in 100-mm dishes in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 100 mg/mL penicillin,
100 mg/mL streptomycin, 2 mM glutamine, 1 mM HEPS buffer,
and 10% fetal bovine serum in humidified air (5% CO2) at 37 C.
H9c2 cells were incubated in serum-free essential medium for
4 hours before treatment with the indicated agents.

2.3.

Immunoblotting

To isolate total proteins, cultured myocardiac cells were washed
with cold phosphate-buffered saline (PBS) and resuspended in
lysis buffer [50 mM Tris, pH 7.5, 0.5 M NaCl, 1.0 mM EDTA, pH 7.5,
10% glycerol, 1 mM B-Mercaptoethanol (BME), 1% octylphenylpolyethylene glycol (IGEPAL-630), and proteinase inhibitor
cocktail (Roche Molecular Biochemicals, IN, USA)]. After 30 minutes incubation on ice, the supernatant was collected by
centrifugation at 12,000 rpm for 30 minutes at 4 C. The protein
concentration was determined by the Bradford method. Samples with equal proteins (35 mg) were loaded and analyzed by
Western blotting. Briefly, proteins were separated by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and transferred to a polyvinylidene fluoride (PVDF)
membrane (Millipore, Belfor, MA, USA). Membranes were

Fig. 1 e The effect of AOF on Ang II-induced IGF-II/II R
signaling in H9c2 cells. H9c2 cells at 80% confluence were
treated with Ang II (5 3 10L7 M) for 1 hour, then
administered AOF (20, 40, 60, 80, and 100 mg/mL) for a
further 23 hours. The total protein of cell extracts was
separated by 12% SDS-PAGE, transferred to PVDF
membranes, and immunoblotted with antibodies against
IGF-II and Gaq proteins. Equal loading was assessed with
anti-b-actin antibody. Cell culture without treatment
served as control. Ang II [ angiotensin II; AOF [ Alpinate
Oxyphyllae Fructus; IGF [ insulin-like growth factor II;
PVDF [ polyvinylidene fluoride; SDS-PAGE [ sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.
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blocked with buffer (5% non-fat dry milk, 20 mM Tris-HCl, pH
7.6, 150 mM NaCl, and 0.1% Tween 20) for at least 1 hour at room
temperature and incubated with primary antibodies in the
above solution on an orbit shaker at 4 C overnight. Following
primary antibody incubations, membranes were incubated with
horseradish peroxidase-linked secondary antibodies [antirabbit, anti-mouse, or anti-goat immunoglobulin G (IgG)].

mL) for a further 23 hours. The higher levels of calcineurin and
cytochrome c induced by Ang II fell after AOF treatment
(Fig. 2), indicating that AOF inhibits the calcineurin-dependent
apoptotic protein expression activated by Ang II in H9c2 cells.

2.4.

To clarify whether AOF would prevent Ang II-induced hypertrophy in H9c2 cells, expression levels of hypertrophic proteins BNP and ANP were measured. H9c2 cells at 80%
confluence were treated with Ang II (5  107 M) for 1 hour,
then administered AOF (20, 40, 60, 80, and 100 mg/mL) for a
further 23 hours. Higher BNP and ANP levels fell after AOF
treatment (Fig. 3), indicating that AOF inhibits the hypertrophic BNP and ANP expression levels activated by Ang II in
H9c2 cells.

Statistical analysis

Each experiment was triplicated, and the results were presented as mean  standard error of the mean (SEM). Statistical
comparisons were performed using the Student t test, with
p < 0.05, p < 0.001, or p < 0.0001 deemed significant.

3.

Results

3.3.
AOF reduces Ang II-induced hypertrophic protein
expression in Ang II-induced H9c2 cells

3.1.
AOF down-regulates Ang II-induced IGF-II/II R
signaling in H9c2 cells

3.4.
AOF inhibits remodeling protein expression in Ang
II-stimulated H9c2 cells

A previous study demonstrated that Ang II seems to evoke
IGF-II and IGF-II R and further activates cardiac cell apoptosis
via Gaq downstream effectors. To ascertain whether AOF inhibits Ang II-induced IGF-II and Gaq, these proteins were
measured after AOF post-treatment in Ang II-treated H9c2
cells. Fig. 1 shows IGF-II and Gaq increasing with Ang II
stimulation and decreasing with AOF administration, which
indicates that anti-IGF-II/II R signaling induced by Ang II arises
during AOF administration.

To clarify whether AOF would prevent Ang II-induced cardiac
remodeling in H9c2 cells, the remodeling proteins were
measured. Ang II-treated H9c2 cells showed increasing levels
of specificity protein 1 (Sp1) and connective tissue growth
factor (CTGF), which then decreased with AOF administration
(Fig. 4). The results indicate that cardiac remodeling proteins
were inhibited by AOF post-treatment of Ang II-treated H9c2
cells.

3.2.
AOF inhibits calcineurin-dependent apoptosis in
Ang II-stimulated H9c2 cells

4.

Discussion

To clarify whether AOF would prevent Ang II-induced
apoptosis in H9c2 cells, expression levels of calcineurindependent apoptosis proteins were measured. H9c2 cells at
80% confluence were treated with Ang II (5  107 M) for 1
hour, and then administered AOF (20, 40, 60, 80, and 100 mg/

This study proved that post-treatment of water extract AOF
definitely reduced the cardiomyoblast cell pathological hypertrophy, apoptosis, and remodeling caused by angiotensin II
(Ang II) challenge in H9c2 cells. AOF also inhibited the IGF-II/II
R-related signaling pathway, including Gaq- and calcineurindependent pathways. Our previous studies found that Ang II

Fig. 2 e AOF down-regulated calcineurin and cytochrome c
in Ang II-treated H9c2 cells. H9c2 cells at 80% confluence
were treated with Ang II (5 3 10L7 M) for 1 hour, then
administered AOF (20, 40, 60, 80, and 100 mg/mL) for a
further 23 hours. The total protein of cell extracts was
separated by 12% SDS-PAGE, transferred to PVDF
membranes, and immunoblotted with antibodies against
calcineurin and cytochrome c proteins. Equal loading was
assessed with anti-b-actin antibody. Cell culture without
treatment served as control. Ang II [ angiotensin II;
AOF [ Alpinate Oxyphyllae Fructus;
PVDF [ polyvinylidene fluoride; SDS-PAGE [ sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.

Fig. 3 e The effect of AOF on Ang II-induced hypertrophy in
H9c2 cells at 80% confluence treated with Ang II
(5 3 10L7 M) for 1 hour, then administered AOF (20, 40, 60,
80, and 100 mg/mL) for a further 23 hours. The total protein
of cell extracts was separated by 12% SDS-PAGE,
transferred to PVDF membranes, and immunoblotted with
antibodies against BNP and ANP proteins. Equal loading
was assessed with anti-b-actin antibody. Cell culture
without treatment served as control. Ang II [ angiotensin
II; ANP [ atrial natriuretic peptide; AOF [ Alpinate
Oxyphyllae Fructus; BNP [ b-type natriuretic peptide;
PVDF [ polyvinylidene fluoride; SDS-PAGE [ sodium
dodecyl sulfate-polyacrylamide gel electrophoresis.
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Fig. 4 e AOF prevented Ang II-induced specificity protein 1
(Sp1) and connective tissue growth factor (CTGF) in Ang IItreated H9c2 cells. H9c2 cells at 80% confluence were
treated with Ang II (5 3 10L7 M) for 1 hour, then
administered AOF (20, 40, 60, 80, and 100 mg/mL) for a
further 23 hours. The total protein of cell extracts was
separated by 12% SDS-PAGE, transferred to PVDF
membranes, and immunoblotted with antibodies against
Sp1 and CTGF proteins. Equal loading was assessed with
anti-b-actin antibody. Cell culture without treatment
served as control. Ang II [ angiotensin II; AOF [ Alpinate
Oxyphyllae Fructus; CTGF [; PVDF [ polyvinylidene
fluoride; SDS-PAGE [ sodium dodecyl sulfatepolyacrylamide gel electrophoresis; Sp1 [.

appears to upregulate IGF-II and IGF-II R, further activating
apoptosis via calcineurin-dependent pathways [28].
After Ang II stimulation, the accumulation of intracellular
Ca2þ alters the mitochondrial permeability, releasing cytochrome c into the cytoplasm, and subsequently causes
apoptotic cascades in H9c2 cells [25]. Our earlier study already
found that the IGF-II/II R signaling pathway was involved in
cardiac hypertrophy and ANP/BNP expression; this occurs
through regulation of the small G-protein-derived signaling
pathway [26].
AOF is one of the most important traditional Chinese
medicines, reported as a possible neuroprotective agent

Fig. 5 e Schematic representation showing how AOF might
inhibit the IGF-II/II R-related signaling pathway that
mediates Ang II-induced pathological hypertrophy,
apoptosis, and remodeling in H9c2 cells. Ang
II [ angiotensin II; AOF [ Alpinate Oxyphyllae Fructus;
IGF [ insulin-like growth factor II.
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[29e33]. Although AOF has been used to treat patients with
various symptoms accompanying hypertension and cerebrovascular disorders in Korea [30], few studies saw its potential
in the treatment of cardiac hypertrophy and apoptosis in hypertension. This study first investigated its effect against Ang
II-induced protein expression in IGF-II and Gaq in H9c2 cells
(Fig. 1). Subsequent expression of calcineurin-dependent
apoptosis proteins (calcineurin and cytochrome c) upregulated by Ang II was also inhibited after AOF (20e100 mg/mL)
post-treatment (Fig. 2), i.e., AOF could inhibit the IGF-II/II Rrelated signaling activated by Ang II in H9c2 cells and further
down-regulate apoptosis. Higher levels of hypertrophic
response proteins likewise fell after AOF post-treatment
(Fig. 3), which suppressed the cardiac fibrosis-related proteins Sp1 and CTGF that were induced as a result of Ang II
challenge (Fig. 4).
In summary, this study found that Ang II significantly
increased the IGF-II/II R-related signaling pathway that caused
apoptosis, hypertrophy, and remodeling in H9c2 cells (Fig. 5).
AOF reduced these events post-treatment, making it a candidate for treatment of cardiac hypertrophy, apoptosis, and
ventricular remodeling in chronic cardiovascular disease.
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polyamine-containing foods. Combined docetaxel chemotherapy began on Day 21, which
included six 75-mg/m2 prednisone injections every 3 weeks. Clinical and biological tolerance, quality of life (QOL), performance status (PS), pain, and objective prostate-specific
antigen (PSA) response were assessed.
Results: Toxicity was minimal in the polyamine-free supplement-alone phase. In addition,
QOL ( p ¼ 0.03) and pain ( p ¼ 0.03) scores were improved. When the polyamine-free supplement was combined with docetaxel, Grade 1 or 2 nausea, vomiting, or diarrhea was reported in
<35% of patients with no onycholysis or neuropathy. In addition, biological parameters were
preserved. Nutritional parameters, PS, pain score, and anorexia were significantly improved.
Sixty-three percent of patients reduced their analgesic consumption by at least 30%. Seventy
percent of patients who completed the trial had an objective PSA response.
Conclusions: Observance of the polyamine-free supplement was good and it was well
tolerated when given alone with significant improvements in QOL and pain scores. The
tolerance of the combination of docetaxel and polyamine-free supplement is also very
good with improved PS, pain score, and analgesic consumption.
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Introduction

Polyamines are naturally occurring, positively charged molecules found in all living organisms. The three main polyamines in animal eukaryotes are putrescine, spermidine, and
spermine. The activity of polyamine depends on their electrostatic interactions with negatively charged macromolecules such as nucleic acids (RNA and DNA), nucleotides
(adenosine triphosphate), proteins, and membrane phospholipids [1,2].
Polyamines are essential for cell growth, neoplastic cell
transformation [3], proliferation, and differentiation [1,4,5].
Tumor cells contain higher levels of polyamines than normal
cells [5]. The association between intracellular accumulation
of polyamines and cell growth has been suggested by
numerous studies in various cancers [5e7]. Cancer cells
require higher levels of polyamines to sustain proliferation by
increasing de novo synthesis [7] and extracellular absorption
[8,9]. Therefore, inhibiting polyamine metabolism is a potential target for anticancer therapy [10].
In previously conducted experimental studies on animal
models, the combination of polyamine synthesis inhibitors,
neomycin (to reduce gut bacterial production), and
polyamine-free foods was significantly found to reduce
tumor growth [10e12] and improve chemotherapeutic outcomes [13].
In a previous clinical study, a low polyamine diet was
suggested for a period of 6 months in 13 patients with metastatic castrate-resistant prostate cancer (CRPC) [14], and
another study suggested a similar diet for a longer period in 30
patients [15]. This diet was shown to reduce dietary polyamines to an estimated amount of 20-fold compared with a
normal diet.
The dietary program was well observed and well tolerated.
Performance status (PS) was either maintained or improved,
and significant pain reduction was reported. In a nonrandomized prospective study, a low polyamine diet appeared
to improve quality of life (QOL) and survival of metastatic
CRPC patients [16].
To obtain maximal polyamine dietary depletion, foods
designed for special medical purposes (FDSMPs) and containing very low amounts of polyamines, labeled NTL, have
been developed. An estimated 2000-fold reduction in dietary polyamines can be obtained with exclusive NTL
feeding.
In a Phase I trial for patients with symptomatic metastatic
CRPC in a palliative setting treated exclusively with NTL diet
for a period of 2 weeks and quasi-exclusive depletion for 3
additional weeks, observance and tolerance levels were very
good. Improvements in PS and pain scores were also
observed [17].
Docetaxel became the reference first-line chemotherapeutic drug for patients with CRPC following two studies
showing a 3-month survival increase in patients receiving
docetaxel compared with mitoxantrone [18,19].
In this study, we present the results of a trial evaluating
the tolerance of NTL, a very low polyamine-containing
oral nutritional supplement (ONS), combined with docetaxel in metastatic, symptomatic, CRPC patients. Patients

treated in the TAX-237 trial [18] served as historical
controls.

2.

Methods

2.1.

Patients

Thirty patients with symptomatic metastatic CRPC and
World Health Organization (WHO) PS  3 were enrolled in
this prospective bicentric trial. A total of 28 patients had
painful bone metastases, which were assessed by either
bone scan or computed tomography. Two patients had
extensive pelvic lymph node metastases with inferior limb
lymphedema.
Resistance to castration was defined by serum testosterone
levels < 1000 pg/mL, a rise in prostate-specific antigen (PSA)
on two successive assays after obtaining nadir levels, and
failure of at least two hormonal manipulations. Four patients
had previous first-line chemotherapy.

2.2.

Procedure

(1) WHO PS, weight, and body mass index (BMI) were
recorded.
(2) Treatment tolerance and adverse effects (AEs) were graded
according to the WHO index.
(3) QOL was evaluated by the European Organization for
Research and Treatment for Cancer (EORTC) selfquestionnaire (QLQ-C30; version 3) [20]. This questionnaire incorporates nine multi-item scales: five functional
scales (physical, role, cognitive, emotional, and social) and
four symptom scales (fatigue, pain, nausea, and vomiting).
This format results in a total of 28 items with answers
graded as follows: 1, not at all; 2, a little; 3, a bit more; and 4,
very much. In addition, a global health (Q29) and QOL scale
(Q30) graded 1 (very poor) to 7 (excellent) were used. We
calculated the QLQ-28 score by adding the grading to each
item, with a minimum score of 28 (excellent QOL) and a
maximum of 112 (very poor).
(4) Pain was assessed according to the EORTC pain score (0, no
analgesic; 1, occasional analgesics other than morphine; 2,
continuous use of analgesics other than morphine; 3, occasional morphinics; 4, continuous use of morphinics) and a
numerical pain score (NPS) from 0 (no pain) to 10 (maximal
pain).
(5) An analgesic score (AS) was assessed as follows: points
were given for each analgesic depending on its class and
dose. The score was then calculated by adding all of
the points; for example, 8 points for 10-mg morphine
or equivalent, 6 points for 100-mg tramadol, 4 points
for 500-mg paracetamol þ codeine, 1 point for 500-mg
paracetamol or 50-mg ketoprofen or 200-mg ibuprofen.
(6) Blood cell counts, serum electrolytes, creatinine, glucose,
albumin, C-reactive protein (CRP), bilirubin, PSA, and
alkaline phosphatases levels were also analyzed.
(7) All of these items were evaluated on Day 0 (Visit, V0), Day 8
(V1), Day 14 (V2), Week 3 (V3), and then every 3 weeks
(V4eV8).
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Observance to the study protocol was assessed using a
daily self-questionnaire completed by the patient.

2.3.

Protocol

NTL ONS and low polyamine dietary program
The NTL ONS is an FDSMP characterized by its low polyamine
content, developed and provided by Nutrialys Medical Nutrition (Saint-Grégoire, France). Eighty percent of the patient’s
caloric (1600 Kcal) and nutritional daily needs were provided
by six 250-mL NTL cans. The remaining 20% was provided by a
light standard continental breakfast.
During the first 14 days, the NTL ONS was the sole nutrition
other than breakfast. For the next 14 days, the NTL ONS was
given two times a day (four cans) with a meal containing low
polyamine-containing foods [17]. Then, two cans/day with
two meals were proposed for the remaining 13 weeks. In case
of disease progression, the health authorities required patient
withdrawal.

2.4.

Chemotherapy

Docetaxel (75 mg/m2) was administered intravenously every 3
weeks with 24 mg of dexamethasone prior to injection and
10 mg of oral prednisolone (5 mg two times/day) for six cycles
beginning after the initial 3-week phase of maximal dietary
polyamine depletion.

2.5.

Statistics

Student t or nonparametric Wilcoxon tests were performed
with JMP 6.0 software (SAS Institute Inc., Cary, NC, USA). A p
value < 0.05 was considered to be significant.

2.6.

Response criteria

Responses considered to be clinically relevant were declines
(improvement) 20% in the QLQ-28 and 30% in the AS scores.
For PSA, an objective response was defined as 50% PSA
decline for at least 3 weeks [20,21].
The protocol was accepted by the French Health Authority
(Agence Française de Sécurité Sanitaire des Produits de Santé;
AFSSAPS; Reference No. A 70387-45) and the local ethics
committee and was registered with the European Medicines
Agency under European Union Drug Regulating Authorities
Clinical Trials number 2007-002 541-21. Patients gave their
informed consent prior to their participation in this study.

2.7.

Patient characteristics

The main characteristics of patients are listed in Table 1 and
include the following: (1) age, nine patients (33%) were <70
years, 18 patients (66%) were 70 years, and 11 patients (40%)
were >75 years; (2) PS, three patients (11%) had PS ¼ 0, 14
patients (51%) had PS ¼ 1, and 10 patients (37%) had PS ¼ 2; (3)
pain, 23 patients (85%) reported pain even when using prescription analgesics. Approximately 48% took Class 3 morphinics, 26% took Class 2 opiates, and 11% took Class 1
analgesics; and (4) nutritional status, only one patient had a
BMI < 21. None of the patients aged < 70 years were

Table 1 e Patient characteristics.
Mean  SD
Age (y)
Weight (kg)
BMI
VAS
EORTC score
Analgesic score
QLQ-28 sum
QLQ-29
QLQ-30
PSA (ng/mL)
Alkaline
phosphatases (IU)
Hemoglobin (g/dL)
Leucocytes (n/mL)
Neutrophils (n/mL)
Lymphocytes (n/mL)
Platelets (n/mL)
Albumin levels
(g/L)
CRP

Median

Spread

71  7
75  14
27  4
4.4  3
2.8  1.4
61  83
56  14
3.7  1.3
3.9  1.6
305  532
420  403

73
73.7
26
5
4
21
54
4
4
95
236

58e81
55e110
20e38
0e10
0e4
0e276
34e93
1e6
1e7
1e2082
62  1552

11.2  1.4
7873  3426
5976  2990
1285  1543
236,338  70,100
39  5

11.3
6920
4956
985
236,000
39

7.4e14.7
3230e23,600
1918e15,000
180e13,216
19,000e443,000
28e49

33  55

10

0.13e368

BMI ¼ body mass index; CRP ¼ C-reactive protein;
EORTC ¼ European Organization for Research and Treatment for
Cancer; PSA ¼ prostate-specific antigen; SD ¼ standard deviation;
VAS ¼ visual analog scale; y ¼ years.

malnourished (defined by an albumin level < 30 g/L). For patients aged > 70 years, 28% were moderately malnourished
(albumin < 35 g/L) and 11% were severely malnourished
(albumin < 30 g/L).

3.

Results

Two patients withdrew their consent a few days after initiating the trial. Self-reported and estimated NTL observance
was good (85%). One patient withdrew from the study at Day 6
because of intestinal intolerance (bloating).
Twenty-seven patients were evaluated for the NTL-alone
phase from V0 to V3.
Nine patients did not complete the trial due to the
following reasons: (1) one patient presented with a transient
Grade 4 neutropenia, requiring no Granulocyte-Colony Stimulating Factor (G-CSF) prescription. Even though the patient
had a PSA response with >50% decline, the investigator
withdrew the patient from the trial; (2) seven patients had
disease progression; and (3) one patient died after V5 due to
bilateral interstitial pneumonia.
Eighteen (66%) patients completed all six docetaxel cycles
at scheduled dates with no dose reduction, 7/9 patients (77%)
aged < 70 years, 11/18 patients (61%) aged > 70 years, and 6/11
patients (54%) aged > 75 years.

3.1.

Tolerance

During the NTL ONS-alone phase, one patient withdrew
because of gastrointestinal intolerance (bloating). Side effects
observed while receiving NTL alone or in combination with
docetaxel are reported in Table 2. No alopecia, nail changes, or
onychonychia were reported.
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Table 2 e Adverse effects at D0 (due to prior medication),
during the neoadjuvant NTL ONS-only phase (D0eD21),
and during the combination of NTL D Docetaxel (V4eV8).
Adverse effects
(WHO grades)

D0

Diarrhea (1 or 2)
Nausea (1 or 2)
Vomiting (1 or 2)
Constipation
(1 or 2)
Neuropathy
Skin toxicity
Onychonychia
Edema
Neutropenia
(Grade 3e4)
Total

14
28
24
47

D0 to D21 Combination Docetaxel
(V3) NTL of docetaxel
alonea
alone
and NTL
22
30
8
15

25
33
23
20

32
72
42
d

4b
0

4b
0

12b
0

32
30

4
0

4
0

4
11

24
32

113

75

103

264

Data are presented as %.
a
Published adverse effects for docetaxel use alone.
b
Grade 1 neuropathies.

3.2.

QOL

Significant mean global QLQ-C28 score improvement was
observed between V0 and V2 ( p ¼ 0.035; Fig. 1). Some degree of
degradation was observed with chemotherapy, but not statistically worse than at V0. Fourteen patients (52%) presented
a 20% QLQ-C28 score improvement, eight patients at V1, 10
patients at V2, and 44% between V0 and V3. During chemotherapy, 28% of patients showed a 20% improvement. For the
measure of global health (QLQ-C29), a significant improvement was observed between V0 and V2, V5, V6, V7, and V8
( p < 0.05). In the QOL evaluation (QLQ-C30), there was a significant improvement between V0 and V2, V8 ( p < 0.05). More
specifically, important clinical factors such as asthenia,
anorexia, nausea, and vomiting were improved during the
trial (Tables 3e6).

3.3.

PS

The WHO PS improvement was observed ( p ¼ 0.056) at V4 and
this became significant at V6 ( p < 0.03; Fig. 2).

Table 3 e Asthenia (QLQ-C30 questionnaire) expressed as
% of patients.
Asthenia
V0
V1
V2
V3
V4
V5
V6
V7
V8

3.4.

Not at all

A little

Quite a bit

Very much

22
22
36
30
26
16
25
25
18

39
61
54
35
22
55
56
56
53

20
4
0
26
26
22
19
13
29

13
13
10
7
26
16
0
6
0

Pain

For NPS, a significant improvement was observed starting
from V2 (Fig. 3). No significant difference was noted in the
EORTC score. For AS, no significant difference was noted when
comparing means, but the AS score dropped by at least 30% in
17 patients (63%). More specifically, the scores dropped by 30%
as follows: V2 (8/27 patients: 30%), V3 and V4 (9/27: 33%), V5
(13/27: 48%), V6, V7, and V8 (11/27: 41%). Fifteen patients (55%)
showed both a drop of at least 30% in the AS and a stable NPS
or decreased NPS.

3.5.

Biochemical analysis

3.5.1.

Blood counts

No significant differences in mean hemoglobin levels, white
blood cells, or platelets were observed (Table 7). Two patients

Table 4 e Anorexia (QLQ-C30 questionnaire) expressed as
% of patients.
Anorexia
V0
V1
V2
V3
V4
V5
V6
V7
V8

Not at all

A little

Quite a bit

Very much

39
52
63
43
56
50
50
56
59

17
26
23
26
17
33
31
38
35

13
17
5
26
18
17
19
6
6

30
4
9
5
9
0
0
0
0

Table 5 e Nausea (QLQ-C30 questionnaire) expressed as
% of patients.
Nausea

Fig. 1 e QLQ-C28 global QOL scores with a significant
improvement at V2 ( p [ 0.035) after 15 days of NTL alone.
QOL [ quality of life; V [ visit.

V0
V1
V2
V3
V4
V5
V6
V7
V8

Not at all

A little

Quite a bit

Very much

65
73
75
68
66
75
76
70
71

19
15
8
24
17
10
18
30
29

12
4
12
8
13
10
6
0
0

4
8
0
0
4
5
0
0
0
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V6

exhibited transient Grade 3e4 febrile neutropenia after the
fourth docetaxel cycle, which resolved without specific
treatment.

Albumin levels and CRP






1.1
3450
3097
1695
64,750

3.5.2.

11.1
8250
6785
941
273,471
0.8
4100
3963
551
52,090

4
0
0
4
0
0
0
0
0

11.2 
8414 
6832 
970 
256,222 

0
4
4
0
8
5
0
0
0

0.9
3500
3352
582
63,520

16
0
9
12
13
5
18
6
0







80
96
83
86
79
90
82
94
100

11.1
7704
5965
1102
248,000

Very much

10.9 
8450 
6522 
1347 
223,040 





11.1
7808
5846
1486
230,154





11.3
7124
4986
1453
234,480
1.9
2513
2100
1494
88,720
11.4 
7596 
5300 
1422 
225,120 
SD ¼ standard deviation.

 1.6
 2394
 1873
 1491
 71,970

V1
V0

11.7
6820
4864
1284
221,890
Hemoglobin (g/dL)
Leucocytes (n/mL)
Neutrophils (n/mL)
Lymphocytes (n/mL)
Platelets (n/mL)

Fig. 3 e Numerical pain scores. Significant improvement
between V0 and V2, V4, V5, V6, V7, and V8 ( p < 0.05).
V [ visit.

Table 7 e Blood counts levels, expressed as mean ± SD.

Fig. 2 e WHO PS scores with significant improvement
between V1 and V6, V7, V8. PS [ performance status.
PS [ performance status; V [ visit; WHO [ World Health
Organization.

V2

1.7
2378
2035
1606
77,312

V3

1.7
4202
2560
2452
64,903

V4

1.3
4063
3404
1816
70,900

V5

There was no change in mean albumin levels. A gradual and
significant improvement of CRP levels (inflammation) was
noted at V4 (3 weeks after the first docetaxel injection) (Table
8). Ten patients had albumin levels  35 g/L, defined as
malnourishment, at V0. Among these patients, only three







Quite a bit

V8

A little

10.9
8983
7034
1336
235,750

V0
V1
V2
V3
V4
V5
V6
V7
V8

Not at all

V7

Vomiting

0.8
3894
3890
550
58,748

Table 6 e Vomiting (QLQ-C30 questionnaire) expressed as
% of patients.
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Table 8 e Mean values ± SD for body weight, albumin levels, and CR.

Weight (kg)
Albumin (g/L)
CRP

V0

V1

V2

V3

V4

V5

V6

V7

V8

75  14
38  6
42  57

75  14
39  5
69  94

75  14
39  4
32  34

75  15
39  6
53  72

76  15
39  5
23  42

77  14
40  4
18  34

79  14
39  4
77

78  13
39  3
18  28

77  13
39  4
22  35 *

* p < 0.05.
CRP ¼ C-reactive protein.

were able to complete the six chemotherapy sessions,
whereas 15 of the 17 patients with albumin levels > 35 g/L did
complete all 6 sessions (Chi square test ¼ 9.63, p < 0.01).
Among the 10 patients with albumin level  35 g/L at V0, six
patients had a normalized level (>35 g/L) with the low polyamine nutritional program, and two of these patients were
able to complete chemotherapy. The other four patients did
not complete chemotherapy due to disease progression
rather than treatment complications.
No difference was observed in alkaline phosphatases and
total and conjugated bilirubin levels.

3.5.3.

PSA

Thirteen patients (60% of patients having had at least three
cycles of docetaxel) had a PSA decline > 50% for 3 weeks, with
an 8-week median response duration. One patient presented
an 80% PSA decrease during the initial NTL-alone phase.

4.

Discussion

Despite therapeutic advances, metastatic CRPC patient management remains palliative. As physicians, our objective is to
offer the patients the best possible QOL throughout their
various treatments.
Malnourishment is often underestimated in CRPC patients
as observed in 39% of the elderly patients in this trial. This
factor must be explored and managed when considering
chemotherapy. A polyamine-free diet combining the NTL ONS
and a light breakfast ( one low polyamine-containing meal)
during 4 weeks was feasible and very well observed by patients with painful, advanced disease. The tolerance rate was
very good. The QOL and pain scores were improved prior to
chemotherapy. A 30% decrease in analgesic consumption for
30% of these symptomatic patients was noteworthy. Asthenia,
anorexia, nausea, and vomiting were improved in patients
predominantly under morphinic or opiate medication. An
objective response with a PSA drop of 80% was observed in one
patient.
The improvement shown here could be due to the glutamate N-methyl-D-aspartate (NMDA) receptor, which is widely
present in the central nervous system and plays an essential
role in pain control and morphinic-induced hyperalgesia
[21,22].
The NMDA receptor is inhibited by anesthetics such as
ketamine [23]. It is stimulated by spermine, which acts on a
specific NR2b region site [24,25]. Conversely, it has been
experimentally demonstrated that a very low polyaminecontaining diet significantly reduces pain [26] and morphine-

induced allodynia and hyperalgesia due to a specific action
on the NMDA receptor [21].
In this study, pain improvement and analgesic reduction,
particularly when dietary polyamine depletion is maximal,
tend to clinically support these experimental data. The combination with docetaxel was of interest because of a potential
synergistic action of docetaxel and polyamine depletion on
microtubule polymerization, the main docetaxel target [27].
As polyamine deprivation potentiates chemotherapy in
animal models, one of our main concerns was that it could
enhance docetaxel’s AEs. However, docetaxel was very well
tolerated, with a trend of fewer side effects than reported
previously [18] (Table 3).
One Grade 1 neuropathy case was observed compared
with the 25% reported rate [18]. This protection could also
involve the NMDA receptor [28]. A recent animal study has
shown the role of dietary polyamine depletion in oxaliplatin
neurotoxicity prevention [29]. Blood cells were preserved.
Only two (11%) Grade 4 neutropenia cases, one of which
was rapidly resolved without correction with leukocyte
growth factors, were observed. The majority of patients
presented Grade 1 anemia but did not require transfusion or
erythropoietin.
Apart from the discontinuation of chemotherapy due to
disease progression, all docetaxel cycles were given at
scheduled dates and doses. In a Groupe d’Etude des Tumeurs
Uro-Génitales - Association Française d’Urologie (GETUG-AFU)
15/0403 study in hormone-naı̈ve metastatic prostate cancer
patients, who were treated with a combination of castration
and docetaxel, the docetaxel dose had to be reduced in 53% of
cases and the cycle postponed in 20% [30]. The systematic use
of leukocyte growth factors was recommended by the authors
due to a 30% occurrence of Grade 3 or Grade 4 neutropenia
including two fatal cases.
From a nutritional perspective, patient weight was maintained, and six of the 10 malnourished patients were nutritionally improved. Sixty percent of patients who had at least
three cycles of docetaxel and 70% who had all six cycles had
an objective PSA response for a median duration of 8 weeks.
This finding corresponds to the response rate reported in the
literature [18].
In conclusion, management with a very low polyaminecontaining ONS, either alone or in combination with docetaxel, is feasible and very well observed and tolerated in
symptomatic CRPC patients. The results showed improved PS,
decreased pain, and reduced analgesic consumption. The
nutritional status of patients was improved, contributing to a
better QOL. Further studies comparing this approach to standard management should be conducted.
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DNA containing TATA box-driven luciferase gene. The antibacterial activity of GCE in vitro
was evaluated by mixing GCE and bioluminescent E. coli and subjecting to image; the

Keywords:

antibacterial efficacy of GCE was evaluated in vivo by administering intragastric GCE and

bioluminescent imaging

bioluminescent E. coli to mice and subjecting to image at 2 hours.

Escherichia coli

Results: GCE inhibited the growth of E. coli in a dose-dependent manner, with a minimal

Galla Chinensis

inhibitory concentration of 4 mg/mL and a minimal bactericidal concentration of 8 mg/mL.
Intragastric administration of bioluminescent E. coli showed that a strong luminescent
signal was observed in the abdominal region, while GCE treatment significantly decreased
bioluminescence. Ex vivo image and bacterial count verified the decreased intensity of
bioluminescence and number of viable E. coli in the intestines of GCE-treated mice.
Conclusion: The findings suggest: (1) GCE exhibits anti-E. coli activities in vitro and in vivo; and
(2) the feasibility of bioluminescent imaging on real-time monitoring of the antibacterial
effects of natural products in living mice.
Copyright ª 2013, China Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.

1.

Introduction

Escherichia coli (E. coli), a predominant species among facultative anaerobic bacteria in the gastrointestinal tract, is associated with a range of diseases: e.g., sepsis, urinary tract

infection, meningitis, and gastroenteritis. Antibiotics typically
control symptoms of E. coli infections. However, intensive use
of antibiotics has led to emergence of resistant bacterial
strains, meaning antibiotic therapy is not a viable solution for
the treatment of E. coli infection, especially in endemic areas

* Corresponding author. Department of Microbiology, China Medical University, 91 Hsueh-Shih Road, Taichung 40402, Taiwan.
E-mail address: cyhsiang@mail.cmu.edu.tw (C.-Y. Hsiang).
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[1e4]. Plants are the most common sources of novel antibacterial remedies. Numerous studies deal with screening of
antibacterial activity of medicinal herbs [5e8]. However, these
studies report in vitro but not in vivo antibacterial efficacy via
either the disc diffusion method or the tube dilution method.
Moreover, bacterial viability and physical conditions, like osmotic pressure and pH, affect antibacterial efficacy; antibacterial activity of herbs in vitro does not guarantee that they
work well in vivo [9]. The in vivo bioluminescent imaging system is a sensitive and noninvasive technique for rapid realtime detection of therapeutic efficacy. This technique has
been used for monitoring bacterial infection [10e13] and
assessment of host inflammatory responses to natural products [14e21]. Therefore, this study applied an in vivo imaging
model for evaluating the antibacterial efficacies of medicinal
herbs.
Galla Chinensis is a gall caused by a Chinese sumac aphid
(Schlechtendalia chinensis Bell.) on several Rhus species (Anacardiaceae), including Rhus chinensis Mill. Galla Chinensis has
been used in traditional Chinese and other oriental medicine
to treat diarrhea, prolonged coughing, and spontaneous
perspiration [22]. We demonstrated earlier that Galla Chinensis
extract (GCE) can suppress E. coli enterotoxin-induced diarrhea by blocking the binding of toxin to cellular receptors [23].
We wondered whether GCE could also suppress E. coli-induced
diarrhea by killing bacteria and thus set up in vivo real-time
imaging with bioluminescent E. coli, to evaluate GCE antibacterial ability. Findings suggest anti-E. coli activities are
exhibited in vitro and in vivo. We also successfully set an in vivo
real-time imaging to rate the antibacterial ability of GCE.

2.

Materials and methods

2.1.

Preparation of GCE

Galla Chinensis purchased from Sun Ten Pharmaceutical Corporation (Taipei, Taiwan) was ground to a fine powder and
extracted by mixing 100 g of powder with 500 mL of water at
4  C overnight. After centrifugation at 15,000  g for 15 minutes, the supernatant was collected, lyophilized, then stored
at 30  C for further analysis.

2.2.

Bacterial strain, plasmid, and culture conditions

Our study used E. coli NM522 and pLuc-TATA as the bacterial
strain and plasmid DNA, respectively. The latter was constructed by inserting firefly luciferase gene (Stratagene, La Jolla,
CA, USA) into a plasmid containing TATA box (Fig. 1). For electrotransformation, a mixture containing 40 mL of cooled
competent cell suspension and 1 mg of DNA was transferred into
a precooled electroporation cuvette with a 0.1 cm electrode gap
and electroporation was performed with Gene Pulser (Bio-Rad
Laboratories, Hercules, CA, USA) at the following settings: peak
voltage ¼ 1.25 kV; capacitance ¼ 25 mF; and parallel
resistance ¼ 600 U. After pulsing, the cells were immediately
diluted with 1 mL of Luria-Bertani (LB) broth and incubated with
agitation at 37  C for 1 hour before plating onto LB agar containing 200 mg/mL ampicillin.
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Fig. 1 e Construction and schematic diagram of
bioluminescent Escherichia coli (E. coli.). Schematic diagram of
pLuc-TATA plasmid DNA is shown at top. Expression of
luciferase gene was driven by TATA box, plasmid DNA
introduced into E. coli by electroporation, bioluminescent
signal of bioluminescent E. coli monitored by IVIS imaging
system. Color overlay on image represents photons/second
emitted from colony of bioluminescent E. coli, as indicated by
color scale.

2.3.

Susceptibility test

Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of GCE were derived by the tube
dilution method. A final inoculum of 108 colony forming units
(CFU) per mL was used. MIC and MBC were defined as the
lowest concentrations completely inhibiting E. coli growth and
killing >99.9% of E. coli, respectively.

2.4.
3-(4,5-Dimethyl-2-thiazyl)-2,5diphenyltetrazolium bromide (MTT) assay
The viability of E. coli was monitored by the MTT colorimetric
assay [24]. Briefly, 100 mL of mixture containing 108 CFU/mL E.
coli and various amounts of GCE was added to each well of 96well culture plates and incubated for 24 hours at 37  C. Ten
microliters of 5 mg/mL MTT were added to the culture medium. After incubation at 37  C for 4 hours, an equal cell culture volume of 0.04 N HCl in isopropanol was added to dissolve
MTT formazan and absorbance at 570 nm was determined.

2.5.

In vitro detection of bioluminescent signals

Bioluminescent bacteria cultured overnight at 37  C were
serially diluted with fresh LB broth in 96-well plates. Their
bioluminescent signals were obtained by incubating with
200 mg of D-luciferin for 15 minutes and monitoring by IVIS
Imaging SystemR 200 Series (Xenogen, Hopkinton, MA, USA)
for 1 minute. Photons emitted from wells were quantified by
Living ImageR software (Xenogen). Signal intensity was
quantified as the sum of all detected photon counts per second from wells and presented as photons/second.
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In vivo and ex vivo imaging of luciferase activity

Female BALB/c mice (8 weeks old, 20  1 g weight) were obtained
from the National Laboratory Animal Center (Taipei, Taiwan).
Experiments were conducted under ethics approval from China
Medical University Animal Care and Use Committee. For in vivo
imaging, mice were intragastrically administrated with both
107 CFU of E. coli and 100 mg of D-luciferin, and/or various
amounts of GCE. Two hours later, mice were anesthetized with
isoflurane, placed face up in the chamber, and imaged for 1
minute with the camera set at the highest sensitivity by IVIS
Imaging SystemR 200 Series. Photons emitted from tissues were
quantified by Living ImageR software. For ex vivo imaging, mice
were sacrificed, tissues were rapidly removed and were imaged
with the same settings used for in vivo studies. Signal intensity
was quantified as the sum of detected photon counts per second
from tissue (presented as photons/second).

2.7.

2.8.

Statistical analysis

Intergroup differences were examined by the Student t test; a
p value <0.05 was considered statistically significant.

3.

Results

3.1.
Construction and characterization of
bioluminescent E. coli
We first constructed recombinant E. coli which constantly
expressed luciferase genes. Fig. 1 shows 5.7-kb plasmid pLuc-

Counting viable E. coli in intestines

Mice were intragastrically administered 107 CFU of E. coli and/
or GCE. They were sacrificed 2 hours later, and their intestines
were washed with 1 mL of saline. Serial dilutions of intestinal
lavage fluid from each group were then inoculated onto LB
agar plates containing 200 mg/mL ampicillin and incubated at
37  C for 18 hours for the bacterial count.

Fig. 2 e Comparison of bioluminescent imaging and MTT
method for detecting viable Escherichia coli (E. coli.). (A)
Bioluminescent imaging. Various numbers of viable E. coli
were imaged by IVIS system after adding D-luciferin. Color
overlay on image represents photons/second emitted from
E. coli, as indicated by color scale; (B) Quantification of photon
counts by bioluminescent imaging (solid squares) and
absorbance values at 570 nm by MTT assay (open squares),
values as mean ± standard error of three independent assays.

Fig. 3 e Antibacterial effect of Galla Chinensis extract (GCE)
in vitro. (A) MTT method. Escherichia coli (E. coli.) (107 CFU/
well) was cultured in 96-well plates and treated with
various amounts of GCE for 24 hours at 37  C. Data are
expressed as absorbance values at 570 nm, values
mean ± standard error of triplicate assay; (B)
Bioluminescent imaging. Various amounts of GCE were
incubated with bioluminescent E. coli (106 CFU/well) for 4
hours at 37  C. After addition of D-luciferin, 96-well plate
was imaged. Color overlay represents photons/second
emitted from well, as indicated by color scale.
Quantification of photon emission is shown at bottom,
values mean ± standard error of three wells. *p < 0.05,
**p < 0.01, ***p < 0.001, compared with mock.

B i o M e d i c i n e 3 ( 2 0 1 3 ) 1 6 0 e1 6 6

TATA carrying TATA box (50 -TATATA-30 ) and firefly luciferase
gene. Recombinant plasmid was transferred to E. coli by electroporation. The bioluminescent signal of recombinant E. coli
was monitored by the IVIS system after the addition of substrate D-luciferin. Fig. 2A plots the photon count increasing
with the number of bioluminescent E. coli, suggesting that the
intensity of the luminescent signal is directly proportional to
the bacterial number. We further compared the sensitivity of
the MTT colorimetric method with that of in vitro imaging.
Fig. 2B shows limitations of the MTT method and bioluminescent image: 1.25  106 CFU/mL and 1.6  105 CFU/mL,
respectively. Findings suggest that the sensitivity of bioluminescent imaging for the detection of bioluminescent E. coli
increased 10-fold, as compared with the traditional MTT
method.

3.2.
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GCE was further determined by the MTT method and bioluminescent imaging. E. coli was cultured in 96-well plates with
various amounts of GCE, and the number of viable E. coli was
monitored by MTT or luminescent imaging. Absorbance
values at 570 nm (Fig. 3A) and luminescent intensities
(Fig. 3B) dropped as GCE concentrations rose, suggesting that
GCE inhibited the growth of E. coli in a dose-dependent
manner. Additionally, GCE killed almost 100% of E. coli at
8 mg/mL, judged by MTT and bioluminescent imaging. The
correlation between the tube dilution test and bioluminescent imaging suggests that luminescent imaging is a rapid
method for evaluating the antibacterial effects of natural
products.

3.3.
Assessing luminescent signal after intragastrically
administering bioluminescent E. coli in live mice

In vitro antibacterial effect of GCE

The antibacterial effect of GCE was first analyzed by the tube
dilution test. Data showed MIC and MBC of GCE against E. coli
as 4 and 8 mg/mL, respectively. The antibacterial efficacy of

To monitor E. coli bioluminescent signals, live mice were
inoculated intragastrically with 100 mL of 108 CFU/mL bacteria
and 100 mL of 1 mg/mL D-luciferin, with signals monitored at
indicated periods. Fig. 4 depicts strong luminescence in the

Fig. 4 e Real-time monitoring of bioluminescent Escherichia coli (E. coli.) dynamics in living mice. Mice were inoculated
intragastrically with 107 CFU of E. coli and 100 mg of D-luciferin. Bioluminescent signal was monitored at intervals by IVIS
imaging. Color overlay on the image represents photons/second emitted from animal, as indicated by color scale. Photos are
representative images of three independent experiments.
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mouth and abdominal regions at 10 minutes. Signals were
mainly localized in the abdominal region at 1 hour, diffused to
the anus at 3 hours and mainly localized in the anus region at
7 hours. The data portend in vivo bioluminescence to monitor
the progression of bacterial infection in living mice.

3.4.

In vivo antibacterial effect of GCE

To evaluate the in vivo effect of GCE on E. coli, we intragastrically administrated mice with 100 mL of 108 CFU/mL E.
coli, 100 mL of 1 mg/mL D-luciferase, and/or 100 mL of 8 mg/mL
GCE, equivalent to MBC of GCE. The luminescent signal was
monitored at 2 hours. Fig. 5A shows inoculation of bioluminescent E. coli displaying a strong luminescent signal in the
abdominal region; GCE treatment decreased bioluminescence
in the abdominal region. Ex vivo imaging further displayed
the strongest bioluminescent signal in the small intestines of
the E. coli group; bioluminescence in the small intestine
declined in the GCE treatment group (Fig. 5B). Results indicate
that GCE inhibited the growth of E. coli and killed E. coli in vivo.
Fig. 5C records viable bioluminescent E. coli recovered from
the intestinal tract. The totals of viable bacteria recovered
from the intestines of the GCE, E. coli, and mock groups were
3.2  0.21, 6.44  0.05, and 0 log10 CFU, respectively. The
number of viable bacteria in the intestinal tracts of GCEtreated mice was reduced 1000-fold compared with the E.
coli group. These indicate that GCE exhibited antibacterial
activity in vitro and in vivo; the correlation between bioluminescent imaging and the bacterial count suggests the feasibility of bioluminescence to rate the antibacterial activity of
medicinal herbs.

4.

Discussion

This study applied bioluminescent imaging to monitor the
antibacterial effect of GCE. Traditional animal models of
antimicrobial agents in vivo are inconvenient, require sacrifice
at relevant time points, and assays may be influenced by tissue sampling techniques. Such studies are often expensive
and labor-intensive, suggesting that novel in vitro and in vivo
technology for rapidly screening novel antibacterial drugs is
urgently needed to develop new drugs. Some studies
emphasize the advantages of bioluminescent imaging in vivo
for real-time monitoring of bacterial infection and drug therapy [10e13,25e27]. This is more sensitive and rapid than
standard techniques, e.g., the disk diffusion test, and the tube
dilution test. Moreover, bioluminescent imaging works well in
real-time monitoring of bacterial infection in vivo. Kadurugamuwa et al used bioluminescent bacteria for monitoring
biofilm infection in animals [25]. Xiong et al applied it to assess
the efficacy of antibiotics in Staphylococcus aureus-induced
endocarditis in rats [26]. Jawhara and Mordon employed
bioluminescent E. coli to monitor bactericidal action in cutaneous wound infection [27]. Yet to date, bioluminescent imaging has never been utilized to monitor bacterial progression
or drug therapy in intestinal E. coli infection. Our study used E.
coli carrying pLuc-TATA plasmid to evaluate the in vivo antibacterial activity of GCE in intestines. Maximal bioluminescent signals could be detected 10 minutes after intragastric

Fig. 5 e GCE antibacterial efficacy in vivo. (A) In vivo imaging.
Mice intragastrically administrated solvent (mock), 107 CFU
of Escherichia coli (E. coli.) or 107 CFU of E. coli plus 800 mg of
Galla Chinensis extract (GCE) (GCE treatment). All groups were
intragastrically administrated with 100 mg of D-luciferin at
the same time. Two hours later, mice were imaged for 1
minute by IVIS system; (B) Ex vivo imaging. Mice were
sacrificed, intestine from duodenum to rectum excised and
imaged. Color overlay represents photons/second emitted
from tissue, as indicated by color scale. Photos are
representative images of three independent experiments;
(C) Number of viable bioluminescent E. coli in intestinal
tracks at 2 hours; data expressed as mean ± standard error
for three mice. **p < 0.01, compared with E. coli.

administration of E. coli; signals were mainly localized in the
intestines at 2 hours. Hence, the in vivo antibacterial effect
appeared at 2 hours in this model. GCE significantly suppressed the bioluminescent signal and number of viable E. coli
in mice. The findings affirm the antibacterial effect of GCE in
living mice by bioluminescent imaging.
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The colorimetric method using MTT dye has served to test the
susceptibility of antibacterial drugs [28]. This method displays
excellent agreement with standard macrodilution for rating the
antibacterial activity of herbs [29], yet colors of herbal extracts
may influence the accuracy of the MTT assay and limit its usage
in herbal studies. At present, only a few studies find that herbs
display fluorescence or interact with luciferin, a compound
isolated from fireflies as substrate for luciferase. Besides the
intrinsic low background of luminescence techniques, luciferase
gene expression is just detected at very low levels in mammals
[30]. The sensitivity of bioluminescent imaging showed a 10-fold
increase over the traditional MTT method in detecting bacteria;
in vitro antimicrobial susceptible data were rapidly obtained by
bioluminescent imaging, which in this study affords a rapid and
reliable means to evaluate the antibacterial activities of herbs.
Galla Chinensis has seen extensive use in traditional Chinese medicine to treat diarrhea, prolonged coughing, and
spontaneous perspiration [22]. It shows promise in preventing
dental caries by inhibiting the cariogenicity of oral biofilm
(Streptococcus sanguis, Streptococcus mutans, Actinomyces naeslundii, and Lactobacillus rhamnosus) [31,32]. Galla Chinensis
reportedly inhibits in vitro growth of bacteria [33e36]. Our prior
study showed how gallic acid from Galla Chinensis blocks the
binding of bacterial toxin to cellular receptors and suppresses
toxin-induced diarrhea [23]. This study applied bioluminescent imaging to rate the therapeutic efficacy of GCE in E. coliinfected mice; the data indicate that GCE suppresses the
growth of E. coli in vivo. The findings suggest Galla Chinensis for
treating diarrhea, by both blocking bacterial toxin and killing
bacteria. In summary, Galla Chinensis has long been used for
the treatment of diarrhea. Our earlier study demonstrated
that GCE suppresses E. coli toxin-induced diarrhea by blocking
the binding of toxin to cellular receptors [23]. This study set up
in vivo real-time imaging with bioluminescent E. coli and found
that GCE suppressed the growth of E. coli and killed E. coli
in vitro and in vivo. The findings also suggested in vivo bioluminescent imaging as a rapid and reliable approach for the
assessment of antibacterial agents from medicinal herbs.
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Introduction

Metabolic syndrome (METS) is a cluster of risk factors known
to promote or increase the risk of cardiovascular mortality
and morbidity [1,2]. The prevalence of this syndrome and its
components increases with age and after the onset of the
menopause; hence more postmenopausal women are likely to
experience the syndrome closely related with the hormonal
changes taking place during the climacteric [3]. The changeover from pre- to post-menopause is associated with the
development of many features of the METS, including (1)
increased central body fat; (2) a transferal towards a more
atherogenic lipid profile, with increased low density lipoprotein (LDL) and triglyceride (TG) levels, reduced high density
lipoprotein (HDL), and small, dense LDL particles; and (3)
increased glucose and insulin levels. The development of
these risk factors may be a direct result of ovarian failure or,
alternatively, an indirect result of the metabolic consequences
of central fat redistribution with estrogen deficiency. It is
unclear whether the transition to menopause increases cardiovascular risk in all women or only those who develop
features of the METS [3,4]. The risk for cardiovascular events,
type 2 diabetes mellitus, and decreased quality of life increases directly in relation to body mass index (BMI) [5,6]. It is
difficult to determine a certain age for menopause because the
menopause age differs in different societies. According to the
literature, the mean menopause age has a wide range of 39e59
years [7]. The mean age of menopause ranges in Indian
women from 40.32 years to 48.84 years [8,9].
The concept of markers has been introduced in the last few
decades. A marker is a measurable variable found in an
available biological sample or detected by tissue imaging. A
marker might reflect underlying disease pathophysiology,
predict future events, and assess the response to treatment.
They serve as sensitive detectors of early target organ damage
[10,11]. Leptin has a variety of important central and peripheral actions to regulate energy balance and metabolism,
fertility, and bone metabolism that are mediated by specific
cell surface leptin receptors [12]. One of the main advances in
the field of metabolic control of body weight and obesity
treatment was identification of the fact that leptin plays an
important role in controlling body weight, signaling to the
central nervous system (CNS) the amount of body fat. Indeed,
leptin levels are positively correlated to indices of body fat,
namely total fat mass, percent body fat, and BMI. Normally
menstruating women show higher leptin levels than postmenopausal women, thus suggesting a stimulatory effect of
estrogen and/or progesterone and an inhibitory action of androgens on plasma leptin concentrations [13]. Resistin belongs
to a family of cysteine-rich secreted polypeptides produced by
monocytes/macrophages [14]. It is also regarded as a novel
adipokine that has been suggested to play a role in the
development of insulin resistance and obesity. Resistin has
been reported to play a pivotal role in the progression of METS.
Reports have suggested that obesity is characterized by
inflammationdparalleling the condition with other diseases.
Some studies established that leptin and resistin could be a
major link between obesity and inflammation in cardiovascular diseases (CVD) [15,16], but the influence of menopause

on leptin and resistin levels is still poorly understood. Indian
women seem to have a peculiar body phenotype, characterized by increased waist circumference (WC), increased waist/
hip ratio, excessive body fat mass, increased plasma insulin
levels and insulin resistance, as well as an atherogenic dyslipidemia, with low levels of HDL cholesterol and increased TG
levels [17]. In addition, unique genetic markers could potentially make Indians more susceptible to cardiometabolic risks
[18]. Cardiovascular risk is poorly managed in Indian rural
women, especially during the menopausal transition when
susceptibility to cardiovascular events increases. Hence this
study was undertaken particularly in the Indian rural female
population to estimate the metabolic risk factors and to
evaluate the correlation of leptin and resistin levels with BMI,
blood sugar, and lipid profiles in pre- and postmenopausal
women.

2.

Methods

2.1.

Study design

A cross-sectional study was conducted along with the
Department of Community Medicine, SRM Medical College
Hospital and Research Centre, SRM University, Kattankulathur, India from June 2012 to November 2012.

2.2.

Study population

The participants in this study were 65 adult females, aged
25e70 years from rural areas in and around Kattankulathur.
None of the participants were taking any medication nor had
any evidence of metabolic diseases aside from modest obesity.
All participants provided written informed consent for the
procedures of this study. Postmenopausal women who had at
least a 1-year history of cessation of menses were included. All
participants gave informed consent. The study was approved
by an institutional ethics committee of SRM Medical College
Hospital and Research Centre and the procedures followed
were in accordance with the applied guidelines.

2.3.

Samples and measurements

2.3.1.

Physical examination

A questionnaire was completed at each health center by
trained interviewers. Demographic information was achieved
by a questionnaire. Height and body weight were measured
without shoes and with the study participants wearing light
clothes. Height was measured to the nearest 0.1 cm and
weight was measured to the nearest 0.1 kg. Measurements
were carried out using portable calibrated electronic weighing
scales and inflexible measuring bars. BMI was calculated as
weight/height2 (kg/m2). Individuals were classified into (1)
normal, (2) overweight, or (3) obese, based on the definition of
obesity for the population in India. Constant tension tape was
used to measure the WC at the midpoint between the inferior
costal margin and the highest point of the hip bone across the
midaxillary line, with arms relaxed at the sides. The waist/hip
ratio was calculated as an index of central obesity. Blood
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pressure was measured using a mercury-free liquid crystal
display (LCD) sphygmomanometer (Diamond, BPDG 234 LCD
Super Deluxe, 34, Electronic Co-op Estate, Pune-Satara Road,
Pune 411009, Maharashtra, India); two readings were taken at
10-minute intervals after participants had been seated for at
least 10 minutes. The two readings were averaged. Systolic
blood pressure (SBP)  140 mmHg and diastolic blood pressure
(DBP)  90 mmHg were considered high.

2.4.

Biochemical measurements

Blood samples of 6 mL were obtained in the morning (9:00
AMe11:00 AM) by venous puncture after overnight fasting (at
least 12 hours fasting), 2 mL of blood were transferred into a
sodium ethylenediaminetetraacetic acid (EDTA) vacutainer,
and then the plasma was separated by centrifugation for
glucose estimation. The remaining samples were transferred
to plain tubes and allowed to clot at room temperature for 45
minutes before centrifugation to separate the serum.
Centrifugation was done using a Centrifuge 5430R (Eppendorf). The samples were then aliquoted into Eppendorf tubes
and stored at 20 C until analysis. Plasma glucose and
serum total cholesterol (TC), TG, HDL, and LDL levels were
determined through a fully automated clinical chemistry
analyzer (EM 360; Transasia, ERBA Diagnostics [Transasia
Bio-Medicals Ltd. Flat No. 3/5, 1st Floor, Raghupriya
Apartments, 3, Krishnama Rd, Nungambakkam, Chennai600034]) using ERBA diagnostics kits (ERBA Diagnostics
Mannheim GmbH). Serum leptin and resistin concentrations
were measured by an enzymatically amplified “two step”
sandwich-type immunoassay using Human Leptin Quantikine enzyme-linked immunosorbent assay (ELISA) Kit
(catalog no. DLP00; R&D Systems, Inc. 614 McKinley Place NE
Minneapo, MN 55413, USA) and Human Resistin Quantikine
ELISA Kit (catalog no. DRSN00; R&D), respectively.

2.5.

Statistical analysis

Statistical analysis was performed using GraphPad prism
version 5.01 for Windows (GraphPad Software, Inc., 2236
Avenida de la Playa La Jolla, CA 92037, USA). Continuous
variables are expressed as mean  standard deviation (SD).
Leptin and resistin concentrations were logarithmically
transformed to correct their skewed distribution. An independent t test was used to compare continuous variables
between pre- and postmenopausal women. Logistic regression analysis was performed to assess the independent
correlations between different components of metabolic risk
factors and log-transformed leptin and resistin. For all statistical assessments, a p value <0.05 was considered statistically significant.

3.

Results

Baseline and metabolic characteristics for the participants
included in the cross-sectional analyses are summarized in
Table 1. In a total of 65 study participants, the mean age of the
premenopausal group was 38.65  6.21 years and that of the
postmenopausal group was 55.32  6.32 years ( p > 0.05). The

Table 1 e Baseline characteristics and leptin and resistin
levels of pre- and postmenopausal women.
Variable
Age (y)
Height (m)
Weight (kg)
BMI (kg/m2)
Waist (cm)
Hip (cm)
Waist/hip ratio
SBP (mm Hg)
DBP (mm Hg)
TC (mg/dL)
TG (mg/dL)
HDL(mg/dL)
LDL(mg/dL)
Blood sugar (mg/dL)
Leptin (ng/mL)
Resistin (ng/mL)
TC/HDL ratio
HDL/LDL ratio
TG/HDL ratio

Premenopausal Postmenopausal
women
women
38.65 
150.32 
55.81 
24.81 
98.04 
110.51 
0.72 
125.84 
77.52 
171.68 
179.8 
39.71 
109.42 
131.13 
11.72 
2.34 
4.56 
0.35 
3.75 

6.21
6.34
8.54
3.58
8.26
9.25
0.18
12.57
9.11
40.78
56.5
8.30
26.39
51.54
3.90
1.21
1.32
0.14
2.15

55.32 
150.97 
56.51 
25.45 
98.81 
112.96 
0.79 
138.12 
79.76 
179.95 
251.50 
40.00 
121.97 
131.29 
18.56 
3.35 
4.42 
0.35 
5.51 

6.32
5.80
8.98
3.78
8.13
10.04
0.21
17.65*
12.58
34.50
296.20*
6.97
27.88*
44.00
3.63*
1.66
2.45
0.32
2.34

p
ns
ns
ns
ns
ns
ns
ns
p<
ns
ns
p<
ns
p<
ns
p¼
ns
ns
ns
ns

0.001

0.001
0.001
0.018

Values are expressed as mean  standard deviation (SD).
ns ¼ nonsignificant ( p > 0.05).
*p < 0.001 is significant.
BMI ¼ body mass index; DBP ¼ diastolic blood pressure; HDL ¼ high
density lipoprotein; LDL ¼ low density lipoprotein; SBP ¼ systolic
blood pressure; TC ¼ total cholesterol; TG ¼ triglycerides.

BMIs for the pre- and postmenopausal groups were
24.81  3.58 kg/m2 and 25.45  3.78 kg/m2, respectively
( p > 0.05). SBP showed statistical significance between the two
groups ( p < 0.001). When we compared both the groups
regarding height, weight, waist/hip ratio, TC, HDL, LDL, TC/HDL
ratio, HDL/LDL ratio, TG/HDL ratio, and resistin, no difference
was observed statistically. TG and blood sugar levels were
lower in the premenopausal group when compared to the
postmenopausal group ( p < 0.001). The fasting serum leptin
level was increased significantly in postmenopausal women
when compared to premenopausal women ( p ¼ 0.018) (Table 1).
Leptin was well correlated with BMI in premenopausal
women (r2 ¼ 0.7120, p < 0.0001) (Fig. 1A) as well as in postmenopausal women (r2 ¼ 0.2470, p ¼ 0.0028) (Fig. 1B). Resistin
also significantly related with the BMI in premenopausal
(r2 ¼ 0.4256, p < 0.0001) (Fig. 2A) and postmenopausal women
(r2 ¼ 0.3645, p ¼ 0.0002) (Fig. 2B). All the baseline parameters
were compared with the normal weight (BMI 18.5e24.9 kg/m2)
and overweight (BMI 24.9e29.9 kg/m2) in both pre- and postmenopausal women (Table 2). A significant difference in
serum leptin and TG level was noted in both normal and
overweight groups at the pre- and postmenopausal stage
( p < 0.001). A positive difference in fasting blood sugar (FBS)
was evident in postmenopausal normal weight and overweight women ( p < 0.001); the remaining parameters did not
show significant difference as related to BMI.
Fasting serum lipid profiles were correlated with leptin and
resistin in both pre- and postmenopausal women (Fig. 3);
there was a rise in leptin and resistin levels in association with
respected lipid profiles in pre- and postmenopausal women
( p > 0.05). Leptin had positive correlation with FBS in both pre-
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A

B
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Fig. 1 e The relationship between body mass index (BMI) and (A) serum leptin and (B) serum resistin levels in
premenopausal women.

(r2 ¼ 0.1373, p ¼ 0.0402) and postmenopausal women
(r2 ¼ 0.2141, p ¼ 0.0401) but resistin had no significant difference in association with blood sugar between the groups
(r2 ¼ 0.0521, p ¼ 0.2165 versus r2 ¼ 0.5923, p ¼ 0.1655, respectively) (Fig. 4).
Leptin and resistin circulating levels were correlated with
SBP and DBP in pre- and postmenopausal women (Table 3).
SBP was significantly associated with the leptin levels in
postmenopausal women ( p < 0.001), but statistically there
was no correlation in blood pressure with resistin levels in
both pre- and postmenopausal women ( p > 0.05).

4.

Discussion

METS is a metabolic disorder that includes cardiovascular risk
factors that are more prevalent in postmenopausal women.
Several METS women patients carry on with their lives
without any diagnostic symptoms until a health disorder
related to METS appears. This study reports for the first time
the relationship between leptin and resistin and metabolic
factors in adult Indian rural women. Based on the estimation
of biomarkers, there was a significant correlation between

B

1.4

Resi sti n (ng/mL )

Lepti n (ng/mL )

A

leptin and associated metabolic risk factors such as BMI, FBS,
and blood pressure rather than resistin. The relationship between leptin level and BMI is an important indicator of obesity
in both groups but WCs and hip measurements were not
correlated with leptin. In our study, we found that there was
no significant independent effect of aging on serum leptin and
resistin, nor did we confirm the observation of Moller et al [19]
that aging alters the relationship between leptin levels and fat
content (Fig. 5).
Our study showed a nonsignificant difference in the mean
values of BMI estimated for the two groups. Previous studies
[20,21] reported that premenopausal women demonstrated
higher leptin production than postmenopausal women but
our data did not support these observations; instead, our
study indicated that leptin level was significantly increased
in relation to body weight but not related to the climacteric.
Our research findings suggest that menopausal status does
not have a significant impact on resistin production. However, a similar comparison made in another study found that
menopausal status does not have a significant impact on
leptin production [22]. Because the present study showed
that the significant lowering of leptin impacts long-term
weight control, the idea of utilizing leptin as a prime

1.2

1.0

r2=0.2470
p=0.0028

1.0
0.8
0.6
0.4

r2=0.3645
p=0.0002
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Fig. 2 e The relationship between body mass index (BMI) and (A) serum leptin and (B) serum resistin levels in
postmenopausal women.
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Table 2 e Correlation between normal and overweight with association of different variables in both pre- and
postmenopausal women.
Premenopausal women
Variable

Normal weight

Age (y)
SBP (mm/Hg)
DBP(mm/Hg)
TC (mg/dL)
TG(mg/dL)
HDL(mg/dL)
LDL(mg/dL)
Blood sugar (mg/dL)
Leptin (ng/mL)
Resistin (ng/mL)
TC/HDL ratio
HDL/LDL ratio
TG/HDL ratio

38.0
120.29
75.29
174.52
169.6
41.81
108.38
114.38
9.77
1.92
4.24
0.3
3.04















Overweight
40.0 
128.2 
82.20 
167.7 
201.3 
35.30 
111.60 
166.3 
15.81 
3.21 
5.61 
0.3 
3.5 

7.01
12.25
8.80
42.88
48.5
8.86
28.59
19.90
2.56
1.0
0.9
0.08
2.74

4.03
12.08
8.30
37.4
68.2*
4.81
22.31
77.1
2.98*
1.19
1.03
0.1
2.3

Postmenopausal women
p

Normal weight

ns
ns
ns
ns
p < 0.001
ns
ns
ns
p < 0.001
ns
ns
ns
ns

54.81
132.31
81.44
174.63
183.0
40.25
118.38
124.1
13.22
2.68
4.38
0.33
2.0















Overweight
55.78 
138.72 
78.28 
184.50 
256.4 
39.78 
125.17 
132.0 
18.75 
3.95 
4.74 
0.34 
3.8 

4.72
12.99
8.71
31.09
77.4
7.09
27.17
48.8
3.80
1.71
1.11
0.99
1.02

7.57
21.21
15.34
37.54
195.8*
7.06
28.89
40.29*
3.11*
1.40
1.65
0.86
2.83

p
ns
ns
ns
ns
p < 0.001
ns
ns
p < 0.001
p < 0.001
ns
ns
ns
ns

Values are expressed as mean  standard deviation (SD).
ns ¼ nonsignificant.
* p < 0.001 is significant.
BMI ¼ body mass index; DBP ¼ diastolic blood pressure; HDL ¼ high density lipoprotein; LDL ¼ low density lipoprotein; SBP ¼ systolic blood
pressure; TC ¼ total cholesterol; TG ¼ triglycerides.

biomarker for obesity might be considered in both female
groups. Pantsulaia et al [23] reported that differences between pre- and postmenopausal women were nonsignificant
statistically in association with serum resistin levels. In our
study, we tried to determine if there was any correlation
between serum leptin concentration and serum LDL concentration in addition to other serum biochemical parameters, but no significant correlation was found between serum
leptin concentration and serum lipid profile in our study
groups and this reflects the findings of an earlier study [24].
Serum leptin levels had no positive correlation with blood
pressure, HDL, and FBS in the female population [25]. Our

LDL UL/L

400

cross-sectional study also predicts that resistin level was
negatively associated with lipid profiles in both female study
groups. Specifically, we found no independent associations
between resistin and markers of obesity.
Comparison of TG levels between the two groups showed a
highly significant difference. The postmenopausal group had
considerably higher TG levels than the premenopausal group.
These findings were coincident with that of other researchers
who found TG levels to be higher in the postmenopausal than
the premenopausal group [13], but certain studies have reported no effect [26,27]. Many studies address the relation of
menopause with blood pressure. Bengtsson et al [28] showed
that there is a little reduction in SBP after the menopause.
Some other studies showed that blood pressure is not changed
with menopause status, but our rural population study reported that there is a significant increase in SBP at the
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Fig. 3 e The relationship between serum leptin and resistin
levels and lipid profiles in pre- and postmenopausal
women. HDL [ high density lipoprotein; LDL [ low
density lipoprotein; TC [ total cholesterol;
TG [ triglycerides.
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Fig. 4 e The correlation between circulating levels of serum
leptin and resistin and fasting blood sugar (FBS) in
premenopausal women.
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Table 3 e The relationship between circulating leptin and resistin levels and blood pressure.
Biomarkers

Premenopausal women

Leptin (ng/mL)
Resistin (ng/mL)

Postmenopausal women

SBP > 140 mmHg

DBP > 90 mmHg

SBP > 140 mmHg

DBP > 90 mmHg

15.57  4.60
2.80  1.61

13.17  3.95
2.39  1.62

23.03  6.64*
4.48  2.07

16.13  3.70
3.53  2.06

Values are expressed as mean  standard deviation (SD).
* p < 0.001, significant; p > 0.05, nonsignificant.
DBP ¼ diastolic blood pressure; SBP ¼ systolic blood pressure.

postmenopausal stage, which might be due to increased BMI
and lipid profiles [29]. It has been shown that there is an
elevation in SBP among postmenopausal women without any
significant change in DBP. This may suggest that SBP is one of
the risk factors for CVD among postmenopausal women with
METS.
Our results showed a significant increase in FBS in the
postmenopausal group, particularly in the overweight population. A rise in blood sugar is one of the most important risk
factors for METS. There are some limitations of this study that
should be considered. Only those women residing in rural
areas were studied and the results of this study may not
reflect the overall pre- and postmenopausal women of the
general population in India. The mean age range of the premenopausal women group was very close to the postmenopausal group.
In conclusion, our study demonstrated that leptin was
found to have significant association with metabolic factors
rather than resistin in pre- and postmenopausal women.
The serum concentration of leptin was secreted by adipocytes and correlated positively with the BMI in both groups.
Overall, leptin contributes to the development of diabetes
and obesity in both categories. Higher levels of leptin might
predict the increased risk of developing type II diabetes,
impaired glucose metabolism, and CVD. Even though estrogen plays an important role in menopause transition,
body weight is directly proportional to leptin levels. Further
longitudinal and cross-sectional studies with larger
numbers of participants are required to confirm the relationship among the markers, metabolic factors, and menopausal status.
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r =0.2141
p=0.0401
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r2=0.5923
p=0.1655(ns)
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Fig. 5 e The correlation between circulating levels of serum
leptin and resistin and fasting blood sugar (FBS) in
postmenopausal women.
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and zymogram analysis.
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Results: This study demonstrated that leptin dose-dependently induced MMP-7 expression

Akt

and cellular invasion of human colon cancer HT-29 cells. Treatment of MMP-7 small inter-

human colon cancer cells

fering RNA (siRNA) significantly blocked leptin-mediated cellular invasion. Wortmannin

invasion

[a phosphoinositide-3-kinase (PI3K) specific inhibitor], PD098059 (a Mitogen-activated pro-

leptin

tein kinases (MAPK)/ extracellular signal-regulated kinase (ERK) kinase (MEK) specific

MAPK

inhibitor), or GM-6001 (a specific inhibitor of MMPs) could suppress leptin-mediated cellular

matrilysin

invasion markedly. These aver leptin inducing MMP-7 expression and/or cellular invasion,

siRNA

partly by modulation of phosphoinositide-3-kinase (PI3K)/ AKT and mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) signaling pathway in human
colon cancer HT-29 cells.
Conclusion: Results suggest a novel mechanism of leptin involved in MMP-7 expression and
cellular invasion in human colon cancer HT-29 cells.
Copyright ª 2013, China Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.

1.

Introduction

Colorectal cancer is one of the leading causes of cancer death
in many countries, including North America. In the United
States alone, thousands of deaths are attributed to this cancer

annually [1]. Epidemiological studies identify obesity as a risk
factor in certain types of cancer, including colorectal [2e7].
Prior studies link increased blood leptin with malignant progression of colon cancer, suggesting that a greater secretion of
adipocyte-derived growth factors and hormones contribute to

* Corresponding author. Biomedical Science Laboratory, Department of Nutrition, China Medical University, 91 Hsueh-Shih Road, Taichung, 40402 Taiwan.
E-mail address: vincenttang@mail.cmu.edu.tw (F.-Y. Tang).
2211-8020/$ e see front matter Copyright ª 2013, China Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
http://dx.doi.org/10.1016/j.biomed.2013.09.001
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cellular transformation and tumorigenesis [8]. Leptin, a biologically active polypeptide secreted from mature adipocytes
and other epithelial cells, circulates as a 16 kDa protein
partially bound to plasma proteins and exerts influence via its
specific receptors by endocrine, paracrine, or autocrine processes [9,10]. In a physiological status, leptin controls the
balance of normal body weight by the regulation of food
intake and other biological activities [11]. It has been identified
as a mitogen associated with gastrointestinal malignancy
[12e14]. In a pathophysiological status, leptin induces tumor
angiogenesis and malignant progression of several cancers
[12,15e17]. Overexpression of leptin and its receptor (ObR) has
been elucidated in human colon cancer cells [18,19]. With
blood levels of leptin elevated in obese patients and excess
body weight strongly correlated with a risk of colon cancer,
studies address the key role of leptin in its etiology [20,21].
Some in vitro studies demonstrated that leptin stimulates
proliferation and migration of human colon cancer cells [12,14],
and activates phosphoinositide-3-kinase (PI3K) and Src kinase
pathways in metastatic colon cancer LS174T and HM7 cells [22].
Invasion of such cells into surrounding stroma occurs via the
activation of matrix metalloproteinases (MMPs) that degrade
extracellular matrix and create a microenvironment for tumor
angiogenesis, growth, and metastasis [23e26]. Increased
expression of MMPs is associated with tumor invasion and
metastasis [28,29]. The MMP gene family divides into subgroups: collagenase, stromelysin, gelatinase, membrane-type
MMPs, and other MMPs. Unlike MMP-2, MMP-3, MMP-9, and
MMP-11 (produced by stromal cells) [30,31], MMP-7 is expressed
in colorectal carcinoma [32e34]. Expression of MMP-2 and
MMP-9 is frequently observed in malignant tumors [35], and
overexpression of MMP-7 is proven for colorectal tumorigenicity [36]. High MMP-7 expression correlates with a low survival rate of colon cancer cases [37,38]; clinical studies cite
MMP-7 (matrilysin) as a key malignant biomarker in human
colon cancer. Promoter regions of inducible MMP-2, MMP-7,
MMP-9, etc., contain regulatory elements and are tightly
modulated in mammalian cells by nuclear transcription factors. Gene expression is regulated by extracellular growth factor, proinflammatory cytokines, etc. [39]. Extracellular stimuli
activating Wnt pathways and downstream signal molecules
induce nuclear accumulation of b-catenin transcription factor
and regulate expression of MMP-7 [40]. Prior studies show a
strong linkage between b-catenin and MMP-7 overexpression in
several types of cancer [41]. Although earlier studies examined
roles of leptin in cell proliferation and migration, the major
MMP required to degrade surrounding stroma and cellular invasion in human colon cancer has not been demonstrated yet.
We assessed the effects of leptin on MMP-7 expression and
cellular invasion of human colon cancer HT-29 cells.

2.

Materials and methods

2.1.

Reagents and antibodies

Anti-MMP-7 antibodies were obtained from Cell Signaling
Technology Inc. (Danvers, MA, USA); McCoy’s medium and
Calcein AM from Invitrogen Inc. (Carlsbad, CA, USA); anti-bactin antibody, AG 490 [a janus kinase (JAK) inhibitor], SP600125
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[a c-Jun N-terminal kinase (JNK) inhibitor], PD098059 (a MEK
inhibitor), wortmannin (a PI3K inhibitor), SB 203580 (a p38 inhibitor), and Ipegal CA-630 from SigmaeAldrich (St. Louis, MO,
USA). GM-6001 (a broad-spectrum inhibitor of MMPs) was purchased from Calbiochem Merck Millipore (Concord, MA, USA);
human leptin recombinant protein from R&D Systems, Inc.
(Minneapolis, MN, USA); human colon cancer HT-29 cell line
from American Type Culture Collection (Walkersville, MD,
USA); and an NE-PER Nuclear and Cytoplasmic Extract reagent
Kit from Pierce Biotechnology (Lackford, IL, USA).

2.2.

Cell culture

Briefly, human colon cancer HT-29 cells were cultured in a 37  C
humidified incubator with 5% CO2 and grown to confluency
with fetal bovine serum (FBS) supplemented McCoy’s medium.
McCoy’s medium was supplemented with 10% heat-inactivated
FBS, 2 mM L-glutamine and 1.5 g/L sodium bicarbonate. Cells
used in different experiments have similar passage numbers.

2.3.

Preparation of cell lysates

Human colon cancer HT-29 cells were cultured in McCoy’s
medium in the presence or absence of leptin at diverse concentrations. After the experiment, cells were washed with
phosphate buffered saline (PBS) twice and lysed in ice-cold lysis
buffer. Lysis buffer contains 1X PBS, 1% Ipegal CA-630, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS) with 100
mM of phenylmethylsulfonyl fluoride (PMSF), aprotinin and
specific phosphatase inhibitor, sodium orthovanadate. Lysates
were sonicated and centrifuged at 10,000  g for 15 minutes at
4  C to remove cell debris, supernatants labeled whole cell lysates. Nuclear and cytoplasm fractions were prepared with an
NE-PER Nuclear and Cytoplasmic Extract reagent Kit (Pierce
Biotechnology) containing protease inhibitors and phosphatase
inhibitors. Cross contamination between nuclear and cytoplasm fractions were barely found (data not shown).

2.4.

Western blot analysis

Cellular proteins were fractionated on 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
transferred to nitrocellulose membrane, and then blotted with
anti-MMP-7 monoclonal antibody, as per the manufacturer’s
instructions. Blots were stripped and reprobed with b-actin
antibody as a loading control.

2.5.

Assessment of cellular invasion

Invasion of tumor cells was analyzed in transwell Boyden
chambers with a polyvinylpyrrolidone filter of 8-mm pore size.
Each filter was coated with 50 mL of a 1:5 diluted matrigel in cold
McCoy’s 5A medium to form a thin continuous film on the top
of the filter. HT-29 cells pre-stained with Calcein AM (Invitrogen Inc.) and stimulated with leptin were added to each
triplicate well in McCoy’s 5A medium (5000 cells/well).
Following 18 hours of incubation, cells in 10 randomly selective
fields were counted by an Olympus IX-71 Inverted Fluorescence Microscope (Olympus, Tokyo, Japan); those invading the
lower side of the filter were measured as the invasion index.
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Small interfering RNAs
4

A
5

HT-29 cells (6  10 cells in 12-well plates or 1.5  10 cells in 6well plates) were transfected with a small interfering RNA
(siRNA) oligonucleotide (Dharmacon Inc.; Lafayette, CO, USA)
designed to interrupt expression of the human matrilysin
gene. Scrambled siGENOME non-targeting siRNA served as the
negative control.

Casein zymography and gelatin zymography

Casein zymography was performed on both the control and
treatment groups to measure MMP-7 activation, and gelatin
zymography was performed on both groups to rate MMP-2 and
MMP-9 activation. Gel was co-polymerized with either 0.1%
casein or 0.1% gelatin. For each sample, an equal amount of
protein was loaded. Electrophoresis used mini gel slab apparatus Mini Protean 2 (Bio-Rad(Hercules, CA, USA)) at a constant 150 V, until the dye reached the bottom of the gel. After
electrophoresis, the gel was washed in buffer [2.5% Triton X100 in 50 mM Tris-HCl (pH 7.5)] for 1 hour in an orbital shaker
and zymograms were incubated for 24 hours at 37  C in buffer
[0.15 M NaCl, 10 mM CaCl2, 0.02% NaN3 in 50 mM Tris-HCl (pH
7.5)], stained with Coomassie blue, then destained with 7%
methanol and 5% acetic acid. Areas of enzymatic activity
appeared as clear bands over the dark background.

2.8.

Statistical analysis

Biostatistic methodology differentiated cellular invasion
among colon cancer cells. In brief, statistical analysis of the
invasive capacity among triplicate sets of experimental conditions used SPSS (SPSS Inc., Chicago, IL, USA). Confirmation
of statistically significant different invasion indices requires
rejection of the null hypothesis: i.e., no difference between
mean invasion indices obtained from replicate sets at the
p ¼ 0.05 level with the one-way analysis of variance model.
Post hoc tests ascertained differences among groups.

3.

Results

3.1.

Dose-dependently induced invasion by HT-29 cells

Leptin has emerged as a chief risk factor for many types of
cancer. We examined whether leptin could induce cellular
invasion. Fig. 1A depicts leptin significantly inducing cellular
invasion of human colon cancer HT-29 cells in a dosedependent manner. In comparison to unstimulated cells,
leptin (at concentrations of 1.2 nM, 6 nM, 25 nM, and 100 nM)
significantly induced cellular invasion up to 4.2 fold (Fig. 1B).
This suggests that leptin plays a prominent role in cellular
invasion of human colon cancer HT-29 cells.

3.2.
Dose-dependently induced MMP-7 expression in HT29 cells
To probe the molecular actions of leptin, we measured protein
expression levels of MMPs in human colon cancer HT-29 cells.
Fig. 2A shows zymogram analysis of leptin inducing
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Fig. 1 e Leptin dose-dependently induced cellular
invasion of human colon cancer HT-29 cells. Invasion of
tumor cells was analyzed in transwell Boyden chambers
with a polyvinylpyrrolidone filter of 8-mm pore size. Each
filter was coated with 50 mL of 1:5 diluted matrigel in
cold McCoy’s medium, to form a thin continuous layer
on top of the filter. Confluent human colon cancer cells
were cultured in McCoy’s medium with 10% fetal bovine
serum at 37  C. After washing out the media, colon
cancer cells were trypsinized, prestained with Calcein
AM, and transferred to matrigel coated transwell Boyden
chambers. Human colon cancer cells (5000 cells/well)
were added to each triplicate well in McCoy’s medium
containing variant concentrations of leptin (0 nM,
1.2 nM, 6 nM, 25 nM, and 100 nM). After incubation for 18
hours, cells were counted as described above; the
number of cells invading the lower side of the filter was
measured as the invasive activity. (A) represents the
microphotograph of invasive colon cancer cells; (B)
represents the level of invasion index. Asterisks
represent statistically significant difference, p < 0.05.
Data shown represent three independent experiments.
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expression of MMP-7 strongly, expression of MMP-2 slightly,
but expression of MMP-9 barely (data not shown). Western
blot also demonstrated leptin inducing expression of MMP-7
in a dose-dependent manner (Fig. 2B). Results suggest that
leptin definitely induces MMP-7 expression and activation in
human colon cancer HT-29 cells.

3.3.
Treatment of MMP-7 siRNA inhibited leptinmediated cellular invasion of human colon cancer HT-29
cells
Because leptin induces cellular invasion and MMP-7 expression
in human colon cancer HT-29 cells, it is plausible that MMP-7
plays a vital role in leptin-mediated cellular invasion of such

A
Leptin

(nM)

0

1.2

6

177

cells. To evaluate the role of MMP-7 in leptin-mediated invasion
of human colon cancer HT-29 cells, we used a specific siRNA
oligonucleotide designed to interrupt MMP-7 expression. Fig. 3
plots the treatment of specific siRNA against the MMP-7 gene
significantly suppressing cellular invasion, even in the presence of leptin. This suggests inducible expression of the MMP-7
molecule modulating cellular invasion and hence acting as a
chief therapeutic target in human colon cancer.

3.4.
PI3K/Akt and MAPK/ERK signaling pathway played
key roles in leptin-mediated invasion of human colon cancer
HT-29 cells
To pinpoint the molecular actions of leptin, we treated human
colon cancer HT-29 cells with specific inhibitors under stimulation by leptin. Fig. 4 illustrates that wortmannin (a specific
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Fig. 2 e Leptin dose-dependently induced expression of
matrix metalloproteinase-7 (MMP-7) in human colon
cancer HT-29 cells. Post-confluent colon cancer cells
cultured on 24-well plates were incubated in McCoy’s
medium with 10% fetal bovine serum (FBS) at 37  C. After
washing out the media, cells were incubated in serum-free
(conditioned medium) McCoy’s medium in the presence of
different leptin concentrations (0 nM, 1.2 nM, 6 nM, and
25 nM) at 37  C for 24 hours. Conditioned medium was
collected and loaded into casein- or gelatin-containing
zymogram gel stained with Coomassie blue stains (see
Materials and methods). The levels of detection represent
zymogram expression of different MMPs in human colon
cancer cells; MMP-7 and MMP-2 noted with arrow (A).
Human colon cancer cells, cultured in McCoy’s medium
with 10% FBS in a tissue culture dish, were lifted off by
trypsinization, pelleted by centrifuge, and resuspended in
the same medium. After washing out the media, cells were
incubated in McCoy’s medium with 10% FBS in a tissue
culture dish with variant concentrations of leptin (0 nM,
0.6 nM, 1.2 nM, 6 nM, 25 nM, and 100 nM) for 24 hours.
Total cell lysates were blotted with anti-MMP-7 antibody
(see Materials and methods). Levels of detection in cell
lysates represent the amount of MMP-7 in human colon
cancer cells. Blots were stripped and reprobed with antiactin antibody as the loading control; immunoreactive
bands noted with an arrow (B).

Fig. 3 e Treatment of matrix metalloproteinase-7 (MMP-7)
small interfering RNA (siRNA) inhibited leptin-mediated
invasion of human colon cancer HT-29 cells. Postconfluent colon cancer cells cultured on 12-well or 6-well
plates were cultured in McCoy’s medium with 10% fetal
bovine serum (FBS) at 37  C. After washing out the media,
HT-29 cells (6 3 104 cells in 12-well plates) were transfected
with as siRNA oligonucleotide designed to interrupt the
expression of the human matrilysin gene. Cells were
incubated in serum-free (conditioned medium) McCoy’s
medium for 24 hours; scrambled siGENOME non-targeting
siRNA served as the negative control. Invasion of tumor
cells was analyzed in transwell Boyden chambers with
polyvinylpyrrolidone filter of 8-mm pore size. Each filter
was coated with 50 mL of a 1:5 diluted matrigel in cold
McCoy’s medium to form a thin continuous layer on top of
the filter. Human colon cancer cells transfected with siRNA
were cultured in McCoy’s medium at 37  C. After washing
out the media, cells were trypsinized, prestained with
Calcein AM, then transferred to matrigel coated transwell
Boyden chambers. Human colon cancer cells (5000 cells/
well) were added to each of triplicate wells in serum-free
McCoy’s medium in the presence or absence of 1.2 nM
leptin for 18 hours. * represents statistical difference
compared to controls without treatment in the inter-group
(leptin vs. untreated control), p < 0.05. ** or *** represent
the statistical difference compared to the control set in the
intra-group (MMP-7 siRNA vs. respective control), p < 0.05.
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inhibitor of PI3K), PD098059 (a specific inhibitor of MEK), or
GM-6001 (a specific inhibitor of MMPs) significantly suppresses leptin-mediated cellular invasion in human colon
cancer HT-29 cells. This suggests that the PI3K/Akt and MAPK/
ERK signaling pathways take pivotal roles in leptin-mediated
MMP-7 expression and cellular invasion in human colon
cancer HT-29 cells.

4.

Discussion

Colorectal cancer is one of the leading causes of cancer death
in many countries. Previous studies suggest that adipocytederived growth factors, such as leptin, could contribute to
cellular transformation and tumorigenesis [8]. High circulating leptin levels could be associated with malignancy of
gastrointestinal cancer [13]. Overexpression of MMP-7 has
likewise been demonstrated for tumorigenicity of colon cancer and biomarkers of colorectal carcinoma. Higher circulating levels of MMP-7 are associated with a lower survival rate
of colon cancer patients. However, the effects of leptin on
MMP-7 expression and the molecular mechanism of cellular
invasion in human colon cancer cells have not been demonstrated. This study investigated the molecular actions of
4
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Fig. 4 e PI3K/Akt and MAPK/ERK signaling pathways
played key roles in leptin-mediated invasion of human
colon cancer HT-29 cells. Invasion of tumor cells was
analyzed in transwell Boyden chambers with a
polyvinylpyrrolidone filter of 8-mm pore size. Each filter
was coated with 50 mL of a 1:5 diluted matrigel in cold
McCoy’s medium to form a thin continuous layer on top of
the filter. Confluent human colon cancer cells were
cultured in McCoy’s medium with 10% fetal bovine serum
at 37  C. After washing out the media, colon cancer cells
were trypsinized, prestained with Calcein AM, then
transferred to matrigel coated transwell Boyden chambers.
Human colon cancer cells (5000 cells/well) were treated
with different inhibitors and stimulated with leptin
(1.2 nM) in serum-free McCoy’s medium. After incubation
for 18 hours, cells were counted as described above; the
number of cells invading the lower side of the filter was
gauged as invasive activity. Asterisks represent statistical
significance, p < 0.05. Data shown represent three
independent experiments.

leptin on cellular invasion of human colon cancer HT-29 cells
in vitro.
Our results demonstrate that leptin dose-dependently induces cellular invasion and expression of MMP-7 molecules in
human colon cancer HT-29 cells. However, leptin barely
influenced the expression of other types: e.g., MMP-2 and
MMP9. It is plausible that leptin induces MMP-7 expression
and cellular invasion in human colon cancer HT-29 cells. To
investigate whether the inducible form of MMP-7 is responsible for leptin-mediated cellular invasion, we used specific
siRNA designed to interfere with MMP-7 gene expression.
Fig. 3 proves that treatment of siRNA can significantly inhibit
cellular invasion, suggesting the MMP-7 molecule as the major
molecule involved in leptin-mediated cellular invasion in
human colon cancer cells. This suggests that MMP-7 is an
inducible molecule which plays a critical role in cellular invasion under leptin stimulation. Prior studies indicated strong
immunohistochemical staining of MMP-7 in various types of
colonic adenomas [36]. Our results concur with earlier findings and provide a novel mechanism of leptin in tumorigenesis of human colon cancer. Studies also indicate that
expression of MMP-7 is significantly correlated with the
presence of nodal or distant metastases [42,43].
To examine the molecular mechanism of leptin in cellular
invasion, we investigated major signaling pathways responsible for cellular invasion of human colon cancer cells. Using
variant specific inhibitors against signaling pathways, we
observed that treatment with wortmannin (a specific inhibitor
of PI3K), PD098059 (a specific inhibitor of MEK), and GM-6001 (a
specific inhibitor of MMPs) significantly blocked cellular invasion. The results hint that PI3K/Akt and MAPK/ERK
signaling pathways play key roles in leptin-mediated cellular
invasion in human colon cancer HT-29 cells.
In summary, a mechanism by which leptin may exert
malignant effects is partly through modulation of MMP-7
expression, as needed for cellular invasion during tumor
development. Findings yield novel mechanistic insights into
tumorigenic effects of leptin on the malignant progression of
human colorectal cancer. We only tested the effects of leptin
on human colon cancer HT-29 cell lines, yet our in vitro results
are consistent with other findings, that high circulating levels
of leptin might be a risk factor associated with tumor malignancy, as evident from population studies and animal experiments showing enhanced tumor progression and cancer
development. Our results also suggest a novel hypothesis that
MMP-7 might act as a malignant biomarker in an autocrine
regulation manner in human colon cancer cells.
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Results: We found that biliary IL-8, IL-1b, and IL-6 levels in acute cholecystitis patients
were significantly higher than those in healthy adults. A sequential measurement of
biliary proinflammatory cytokines showed that IL-8 and IL-1b remained at significantly
high levels and that this trend continued for approximately 4e6 days, whereas the IL-6
level varied.
Conclusions: Biliary IL-8 and IL-1b, but not IL-6, could serve as constant and reliable indicators for patients with acute cholecystitis. Because classical symptoms and blood tests
are frequently underestimated or untypical in unconscious and elderly patients, these
biliary biomarkers are valuable as a complement to current diagnostic criteria for correct
diagnosis of acute cholecystitis.
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Introduction

Cytokines are small protein mediators involved in inflammatory, metabolic, and immunomodulatory functions [1].
They are not only produced by monocytes, lymphocytes, fibroblasts, and endothelial cells, but also in hepatocytes and
the biliary epithelium [2]. Secreted inflammatory molecules,
such as proinflammatory cytokines, are among the critical
mediators of the altered processes implicated in hepatobiliary
disease. High biliary levels of TNF-a and IL-6 were reported in
patients with cholangitis, and IL-6 was specific for cholangitis
(although the correlations between biliary cytokines and
serum biochemical parameter were weak) [3]. Although
increased cytokine mRNAs were detected upon treatment
with lipopolysaccharide in cultured mouse gallbladder
epithelial cells, the cytokine profile in the gallbladder for acute
cholecystitis is still unclear [4].
Acute cholecystitis is an inflammation of the gallbladder
that is due to biliary obstruction of the cystic duct by gallstones. This obstruction causes intraluminal pressure within
the gallbladder and triggers an acute inflammatory response
[5]. Approximately 10% of the adult population in the United
States and 14.4% of adults in Taiwan [6] have cholelithiasis,
and 1e3% of these patients develop acute cholecystitis or
other severe complications, such as gallstone pancreatitis or
cholangitis [7]. Current treatments for acute cholecystitis
include medical management (antibiotics), gallbladder
drainage (to drain infected bile), and cholecystectomy (to
remove the gallbladder), depending on the patient’s clinical
condition [8]. Once suspected acute cholecystitis patients are
referred to hospital and the diagnosis is confirmed, and they
undergo early surgery within 72e96 hours, they have lower
complication rates, lower conversion rates, and shorter hospital stays than patients who have delayed surgery [9,10].
More sequelae of acute cholecystitis, such as gangrene, pus
formation, or perforation of the gallbladder can occur in instances of delayed diagnosis, and their resulting mortality
rates range from 1.6% to 4.5% [11]. It is also difficult for diagnosis in elderly, unconscious, and critically ill patients, such
as those with severe trauma and acute non-biliary illness; the
morbidity rate of emergency cholecystectomy could be as
high as 28.1% in these patient populations [12e14]. Thus, a
more accurate early diagnostic marker of acute cholecystitis
would be extremely valuable as a complementary indicator
for instant diagnosis, especially for high risk patients.
Several studies have demonstrated that the serum levels of
the cytokines IL-6, IL-10, TNFa, and IL-8 were higher in patients
with acute cholangitis or obstructive jaundice than in healthy
individuals, although this elevation may be due to generalized
neutrophil activation [15]. Because acute cholecystitis can
progress from a local inflammation to a systemic inflammatory
response syndrome, little is known regarding the biliary cytokine profile in patients with acute cholecystitis, or whether this
profile causes the pathophysiology of acute cholecystitis. We
investigated the profile of biliary proinflammatory cytokines
by direct detection from bile samples in acute cholecystitis
patients, to determine if biliary proinflammatory cytokines
could serve as diagnostic markers for acute cholecystitis by
directly reflecting the inflammatory status of the gallbladder.

2.

Methods

2.1.

Patients

Informed consent was obtained from each participant, and
the study protocols were approved by the Institutional Review
Board of Changhua Christian Hospital (091005 and 091006).
The bile specimens were obtained during cholecystectomy
from 13 patients who were diagnosed with acute cholecystitis
(the study group, 6 men, 7 women, median age ¼ 62 years,
range ¼ 40e83 years) and 16 healthy adults (the control group,
9 men, 7 women, median age ¼ 28 years, range ¼ 20e55 years)
between 2010 and 2011 at Changhua Christian Hospital
(Table 1). The patients in the study group who met the diagnostic criteria for acute cholecystitis (local and system signs of
inflammation and confirmation with imaging) underwent
cholecystectomy within 3e4 days after diagnosis [8]. Pathological examinations also confirmed the diagnosis as acute
cholecystitis. The patients in the study group were further
divided into two categories (Grade I and Grade II) according to
severity using the Tokyo Guidelines [8]. The control group was
made up of healthy adults who underwent cholecystectomy
as living liver transplantation donors and were free of any
signs or symptoms of cholecystitis.

2.2.

Bile preparation

The protocol for bile preparation was modified according to the
previous study [16]. Briefly, 1 mL of bile was centrifuged at
16,000  g for 10 minutes at 4  C. The supernatant was mixed
with 250 mL of Cleanascite HC (Ligo-Chem Inc., Fairfield, NJ, USA)
and rotated for 1 hour at 4  C. After centrifugation at 16,000  g
for 2 minutes, the supernatant was transferred to a pre-rinsed
Vivaspin column (cut-off at 3 kDa) and centrifuged at
10,000  g until most of the supernatant had passed through the
filter. The column was washed with phosphate-buffered saline
(PBS) and the samples were centrifuged to a final volume 250 mL.

Table 1 e The clinical presentations of acute cholecystitis
patients in the study group.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

RUQ
pain

Fever

WBC
(/mL)

þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ

þ
þ


þ
þ
þ
þ
þ
þ
þ
þ
þ

13,200
12,000
12,200
16,900
13,300
14,800
9400
7900
12,300
11,300
5900
11,200
18,500

Image
CT
Echo
Echo
CT
CT
Echo
Echo
Echo
Echo
Echo
Echo
Echo
CT

& CT

& CT
& CT
& CT
& CT
& CT

GB
stones

Gradea

þ
þ
þ
þ

þ
þ
þ
e
þ
þ
þ
þ

I
II
I
I
II
II
II
II
II
I
I
II
II

CT ¼ computed tomography; Echo ¼ sonography; GB ¼ Gallbladder;
RUQ ¼ right upper quadrant.
a
According to the Tokyo guidelines.
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2.3.

Cytometric bead array immunoassay

Proinflammatory cytokines in the bile samples were quantified using a human inflammation cytometric bead array kit
(BD Biosciences, San Jose, CA, USA) following the manufacturer’s instructions. In brief, 25 mL of purified bile samples was
diluted to 50 mL with assay diluents and added to a mixture of
six different antibody-coated beads. After the addition of 50 mL
of a mixture of phycoerythrin (PE)-conjugated antibodies
against the cytokines, the mixture was incubated for 2 hours
at room temperature. The mixture was then analyzed using
the BD FACSArray Bioanalyzer (BD Biosciences). The levels of
IL-8, IL-1b, IL-6, IL-10, TNFa, and IL-12p70 were determined
using the FACSArray software.

2.4.

Statistical analysis

Statistical analyses of the two groups were performed using
the Mann-Whitney U-test and SPSS software (version 12.0,
SPSS Inc., Chicago, IL). A p value < 0.05 was considered statistically significant.

3.

Results

To investigate the biliary proinflammatory cytokine profile,
bile samples from patients with acute cholecystitis and
normal healthy adults were collected and purified for further
analysis after cholecystectomy. All acute cholecystitis patients had clinical features, such as fever and right upper
quadrant abdominal pain, and a confirmatory ultrasound or
abdominal computed tomography (Table 1). Early inflammatory cytokines in acute cholecystitis patients were investigated by collecting bile samples that were analyzed for
proinflammatory cytokines, such as IL-8, IL-1b, IL-6, IL-10,
TNFa, and IL-12p70. In the acute cholecystitis group, the mean
biliary IL-8, IL-1b, and IL-6 levels were 4194 pg/mL
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(range ¼ 396e9140 pg/mL), 1723 pg/mL (range ¼ 38e7915 pg/
mL), and 58 pg/mL (range ¼ 8e385 pg/mL), respectively. In the
control group, the median biliary IL-8, IL-1b, and IL-6 levels
were 12 pg/mL (range ¼ 11e17 pg/mL), 11 pg/mL
(range ¼ 9e13 pg/mL), and 9 pg/mL (range ¼ 8e12 pg/mL),
respectively, and were significantly lower than those in the
acute cholecystitis group (p < 0.01) (Fig. 1). The differences
between the two groups regarding their IL-8, IL-1b, and IL-6
levels were particularly striking, whereas the IL-10, TNFa,
and IL-12p70 levels were very low in both groups (Fig. 1).
We further investigated whether the IL-8, IL-1b, and IL-6
levels correlated with the severity grading in acute cholecystitis patients. Our results revealed that IL-8 and IL-1b could not
be used to discriminate the severity of disease, but the IL-6
levels were moderately increased in the Grade II group,
although they were not significantly different between the
patients with Grade I and Grade II cholecystitis (Fig. 2).
To further investigate whether the biliary proinflammatory
cytokines consistently remained at high levels during the
entire period of acute cholecystitis, sequential measurements
of biliary proinflammatory cytokines from another three patients who had undergone gallbladder drainage were analyzed
daily. The results showed that IL-8 and IL-1b remained at
significantly high levels and remained this way for approximately 4e6 days, whereas their IL-6 levels varied (Fig. 3). The
other cytokines remained at low levels similar to those in the
normal control group (data not shown). These results indicated that high IL-8 and IL-1b levels as stable indicators for
acute cholecystitis could be consistently detected in the
gallbladder.

4.

Discussion

Our results demonstrated that biliary IL-8, IL-1b, and IL-6
levels, especially IL-8 and IL-1b, were significantly higher in
the patients with acute cholecystitis than in healthy adults.

Fig. 1 e Biliary cytokines of patients with acute cholecystitis and healthy adults. Cholecystitis refers to bile samples from
patients with acute cholecystitis. Normal refers to bile samples from healthy individuals. The long bar represents the mean
value of the cytokines in each group. The p values were calculated using the Mann-Whitney U-test.
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Fig. 2 e Cytokine levels in patients with different grades of
acute cholecystitis. Five patients were diagnosed with
Grade I and eight with Grade II. The long bar represents the
mean value for each group.

These elevations may directly reflect the local inflammatory
status of the gallbladder. In addition, IL-8 and IL-1b consistently remained at high levels during the entire period of
acute cholecystitis. This suggests that IL-8 and IL-1b, but not
IL-6, could serve as constant and reliable indicators for patients with acute cholecystitis. Although a significant correlation has been reported between the biliary IL-6 and TNFa
levels in patients with cholangitis [3], we did not find a
correlation between IL-6 and TNFa levels. However, we did
find a moderate correlation between IL-8 and IL-1b levels
(r ¼ 0.37) and IL-8 and TNFa levels (r ¼ 0.37) in the cholecystitis study. The differing cytokine elevations found

Fig. 3 e Kinetic cytokine levels in the drained bile from
acute cholecystitis patients. Bile samples were collected at
different time points from three patients with gallbladder
drainage. The levels of IL-8, IL-1b, and IL-6 are shown here.

between cholangitis and cholecystitis may be due to the
different pathophysiologies of the diseases, or different
disease locations. Our study also demonstrates that the
biliary cytokine profile in vivo of acute cholecystitis is
different from that in bacterial infection in vitro [4], suggesting that IL-8 and IL-1b have roles in the development of
acute cholecystitis in humans. Neutrophil activation is
crucial in the pathogenesis of sepsis, and IL-8 is a key cytokine that stimulates neutrophil infiltration in Shigellainduced colitis [17,18]. Based on these studies, a high biliary
IL-8 level may regulate neutrophil recruitment and could
likely influence the pathogenesis of acute cholecystitis.
However, these possibilities require further investigation.

B i o M e d i c i n e 3 ( 2 0 1 3 ) 1 8 1 e1 8 5

Some studies showed that several serum cytokine levels
were increased in patients with acute cholangitis compared to
a normal group, such as TNF, IL-6, IL-8, and IL-10, although
that would be related to the systemic inflammatory response
[3,19]. In this study, we demonstrated that biliary IL-8, IL-1b,
and IL-6 levels, especially IL-8 and IL-1b, were significantly
higher in patients with acute cholecystitis than in healthy
adults, which raises the question of whether the cytokine
profiles in bile can be consistently presented in serum. From
our observation in acute cholecystitis, albeit in one case, only
IL-8 (242 pg/mL) and IL-6 (123 pg/mL) were detectable in
serum, whereas the levels of IL-8 (70,156 pg/mL), IL-1b (564 pg/
mL), and IL-6 (22 pg/mL) were high in bile samples. Consistent
with the observation in patients with cholangitis [3], we found
poor correlations between biliary and serum cytokines in
acute cholecystitis, suggesting that systemic serum inflammatory cytokines are not proper indicators to present local
inflammation, such as acute cholecystitis.
Although the current diagnosis of acute cholecystitis is
accepted and widely used, the specificity of these criteria are
lacking, especially in elderly and unconscious patients who
may be unable to report pain [20]. Hepatobiliary scintigraphy
has higher diagnostic accuracy than ultrasonography, but is
not readily available in most hospitals [21]. This limitation has
increased the annual incidence of acute cholecystitis in
elderly patients over the last decade [22]; therefore, predictors
of disease that can be used immediately in unconscious patients should be developed to prevent delayed diagnosis.
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5.

Conclusions

Our study shows that measuring the high levels of IL-8 and IL1b cytokine in bile can assist the current diagnostic procedures for acute cholecystitis. Thus, these cytokines may
help clinicians diagnose acute cholecystitis more accurately in
the early phase of the disease, especially in unconscious or
elderly patients.

[14]

[15]

[16]

Authors’ contributions
[17]

PYS, CYP, and YPS designed the study, SSW, YLC, and JRK
collected the samples, SJL and YHC performed statistical
analysis, and PYS and YPS drafted the manuscript. All authors
read and approved the final manuscript.

references

[1] Tilg H, Wilmer A, Vogel W, Herold M, Nolchen B, Judmaier G,
et al. Serum levels of cytokines in chronic liver diseases.
Gastroenterology 1992;103:264e74.
[2] Matsumoto K, Fujii H, Michalopoulos G, Fung JJ, Demetris AJ.
Human biliary epithelial cells secrete and respond to
cytokines and hepatocyte growth factors in vitro: interleukin6, hepatocyte growth factor and epidermal growth factor
promote DNA synthesis in vitro. Hepatology 1994;20:376e82.
[3] Rosen HR, Winkle PJ, Kendall BJ, Diehl DL. Biliary interleukin6 and tumor necrosis factor-alpha in patients undergoing

[18]

[19]

[20]

[21]

[22]

185

endoscopic retrograde cholangiopancreatography. Dig Dis
Sci 1997;42:1290e4.
Savard CE, Blinman TA, Choi HS, Lee SK, Pandol SJ, Lee SP.
Expression of cytokine and chemokine mRNA and secretion
of tumor necrosis factor-alpha by gallbladder epithelial cells:
response to bacterial lipopolysaccharides. BMC
Gastroenterol 2002;2:23.
Strasberg SM. Acute calculous cholecystitis. New Engl J Med
2008;358:2804e11.
Liu CM, Tung TH, Liu JH, Lee WL, Chou P. A communitybased epidemiologic study on gallstone disease among type 2
diabetics in Kinmen, Taiwan. Dig Dis 2004;22:87e91.
Friedman GD. Natural history of asymptomatic and
symptomatic gallstones. Am J Surg 1993;165:399e404.
Hirota M, Takada T, Kawarada Y, Nimura Y, Miura F,
Hirata K, et al. Diagnostic criteria and severity assessment of
acute cholecystitis: Tokyo Guidelines. J Hepatobiliary
Pancreat Surg 2007;14:78e82.
Pessaux P, Tuech JJ, Rouge C, Duplessis R, Cervi C, Arnaud JP.
Laparoscopic cholecystectomy in acute cholecystitis. A
prospective comparative study in patients with acute vs.
chronic cholecystitis. Surg Endosc 2000;14:358e61.
Eldar S, Eitan A, Bickel A, Sabo E, Cohen A, Abrahamson J,
et al. The impact of patient delay and physician delay on the
outcome of laparoscopic cholecystectomy for acute
cholecystitis. Am J Surg 1999;178:303e7.
Winbladh A, Gullstrand P, Svanvik J, Sandstrom P.
Systematic review of cholecystostomy as a treatment option
in acute cholecystitis. HPB (Oxford) 2009;11:183e93.
Parker LJ, Vukov LF, Wollan PC. Emergency department
evaluation of geriatric patients with acute cholecystitis. Acad
Emerg Med 1997;4:51e5.
Rodriguez-Sanjuan JC, Arruabarrena A, Sanchez-Moreno L,
Gonzalez-Sanchez F, Herrera LA, Gomez-Fleitas M. Acute
cholecystitis in high surgical risk patients: percutaneous
cholecystostomy or emergency cholecystectomy? Am J Surg
2012;204:54e9.
Hatzidakis AA, Prassopoulos P, Petinarakis I, Sanidas E,
Chrysos E, Chalkiadakis G, et al. Acute cholecystitis in highrisk patients: percutaneous cholecystostomy vs conservative
treatment. Eur Radiol 2002;12:1778e84.
Kimmings AN, van Deventer SJ, Obertop H, Rauws EA,
Huibregtse K, Gouma DJ. Endotoxin, cytokines, and
endotoxin binding proteins in obstructive jaundice and after
preoperative biliary drainage. Gut 2000;46:725e31.
Kristiansen TZ. A proteomic analysis of human bile. Mol Cell
Proteomics 2004;3:715e28.
Singer M, Sansonetti PJ. IL-8 is a key chemokine regulating
neutrophil recruitment in a new mouse model of Shigellainduced colitis. J Immunol 2004;173:4197e206.
Livaditi O, Kotanidou A, Psarra A, Dimopoulou I,
Sotiropoulou C, Augustatou K, et al. Neutrophil CD64
expression and serum IL-8: sensitive early markers of
severity and outcome in sepsis. Cytokine 2006;36:283e90.
Kimmings AN, van Deventer SJ, Rauws EAJ, Huibregtse K,
Gouma DJ. Systemic inflammatory response in acute
cholangitis and after subsequent treatment. Eur J Surg
2000;166:700e5.
Ahvenjarvi L, Koivukangas V, Jartti A, Ohtonen P, Saarnio J,
Syrjala H, et al. Diagnostic accuracy of computed
tomography imaging of surgically treated acute acalculous
cholecystitis in critically ill patients. J Trauma
2011;70:183e8.
Chatziioannou SN, Moore WH, Ford PV, RD D. Hepatobiliary
scintigraphy is superior to abdominal ultrasonography in
suspected acute cholecystitis. Surgery 2000;127:609e13.
Lillemoe KD. Surgical treatment of biliary tract infections.
Am Surg 2000;66:138e44.

BIOMEDICINE 3 (2013) I–II

Available online at www.sciencedirect.com

journal homepage: http://www.e-biomedicine.com

Author Index
A
Agrawal, Aruna
Artignan, Xavier

G
3:167
3:153

3:114
3:82
3:153

C
Chang, Jeng-Sheng
Chang, Yu-Tzu
Chang, Yung-Ming
Chen, Cheng-Kuo
Chen, Chih-Mei
Chen, Chun-Liang
Chen, Jaw-Chyun
Chen, Shiao W.
Chen, Shih-Yin
Chen, Ya W.
Chen, Yang-Yuan
Chen, Yao-Li
Chen, Yi-Hua
Chen, Yu-Ting
Chen, Yueh-Sheng
Chen, Yun R.
Cheng, Tzu H.
Chin, Zheng-Nan
Chkeir, Aly
Chou, I-Ching
Chowdhury, Minakshi G.
Chueh, Fu-Shin
Chung, Jing-Gung
Cipolla, Bernard
Cipolla, Bernard G.

3:73
3:88, 102
3:148*
3:145
3:73
3:19
3:160
3:130
3:73
3:130
3:145*
3:181
3:181
3:51
3:148
3:130
3:130
3:88, 102
3:140*
3:82, 88*, 102*
3:167
3:120
3:120
3:114*
3:153*

D
Dubey, Govind Prasad

3:167

E
Ecalard, J. Pierre

3:114

F
Fleury, Marie-Jose

BIOMED_v3_i4_BM.indb I

3:120

H

B
Bansard, Jean-Yves
Bau, Da-Tian
Bligny, Dominique

Gibson Wood, W.

3:140

Hassan, Mahmoud
Ho, Tin-Yun
Ho, Tsung-Jung
Hor, Lien-I
Hsiang, Chien-Yun
Hsiao, Yi-Ting
Hsieh, Pei-Wen
Hsu, Po-Chen
Hsu, Shu-Chun
Hsu, Yuan-Man
Huang, Chih-Yang
Huang, Wen-Hsin
Huang, Yu-Chuen
Hung, Wei-Chun
Hwang, Bing-Fang

3:140
3:160*
3:148
3:19*
3:160
3:73
3:106*
3:51
3:120*
3:27
3:147*, 148
3:145
3:73
3:2
3:95*

I
Ilango, Kaliappan

3:167

J
Jaakkola, Jouni J.K.
Jeang, Kuan-Teh

3:95
3:34

K
Karlsson, Brynjar
Ke, Jhin-Ran
Kuo, Chang S.
Kuo, We-Wen

3:140
3:181
3:130
3:148

L
Lai, Chih-Ho
Lan, Chung-Yu
Lee, Cheng-Chun
Leung, Yuk M.
Li, Chia-Cheng
Li, Shih-Wen
Liao, Wen-Ling
Lin, Cheng-Wen
Lin, Ju-Hwa
Lin, Meng-Chiu
Lin, Wei-De

3:27*, 73
3:51
3:92*
3:130*
3:160
3:43*
3:66*
3:43
3:120
3:174*
3:82, 88, 102

11/27/2013 2:07:15 AM

II

Lin, Wei-Yong
Lin, Ying-Ju
Liu, Fu-Hsuan
Liu, Hsin-Ping
Liu, Shih-Jen
Lo, Hsin-Yi
Lu, Dah Y.
Lu, Kung-Wen

BIOMEDICINE 3 (2013) I–II

3:73*, 92
3:73, 92
3:174
3:73
3:181
3:160
3:130
3:120

M
Maa, Ming-Chei
Magnus, Per
Marque, Catherine
Miglianico, Laurent
Moulinoux, Jacques Philippe
Moulinoux, Jacques-Philippe

3:1*
3:95
3:140
3:153
3:153
3:114

N
Nishiyama, Akihito

3:2

P
Peng, Cheng-Yuan
Priya, Tanu

3:145, 181
3:167*

S
Sher, Yuh-Pyng
Sheu, Jim Jinn-Chyuan
Su, Pei-Yuan
Syu, Jia-Ning

3:181
3:73
3:181*
3:174

T
Takano, Tomomi
Tang, Feng-Yao
Tsai, Chang-Hai
Tsai, Chon-Haw

3:2
3:174
3:82, 88, 92, 102,
148
3:92

Tsai, Chuan-Te
Tsai, Fuu-Jen
Tsai, Pei-Wen
Tsai, Shu-Yao
Tsai, Yuhsin

3:148
3:65*, 66, 73, 82,
88, 92, 102, 148
3:51*
3:174
3:92

V
Vasanth, Karunamoorthy
Velmurugan, Bharath Kumar
Vijayakumar, Thangavel
Mahalingam

3:167
3:148
3:167

W
Wan, Lei
Wang, Chung-Hsing
Wang, Fu-Yu
Wang, Hung-Jung
Wang, Wen-Ching
Wang, Wen-Fu
Weng, Shu-Wen
Wong, Kar L.
Wu, Jin-Bin
Wu, Shun-Sheng
Wu, Yang-Chang

3:73, 92
3:82*, 88, 102
3:174
3:27
3:27
3:92
3:120
3:130
3:106
3:181
3:106

Y
Yamamoto, Tatsuo
Ye, Chi-Xin
Yin, Mei-chin
Yu, Chien-Chih

3:2*
3:148
3:105*
3:120

Z
Zhang, Quan

3:34*

*First author

BIOMED_v3_i4_BM.indb II

11/27/2013 2:07:16 AM

BIOMEDICINE 3 (2013) III–IV

Available online at www.sciencedirect.com

journal homepage: http://www.e-biomedicine.com

Title Index
A
Appearance of acanthosis nigricans may precede obesity: An involvement of the insulin/IGF
receptor signaling pathway
Association analysis between Tourette’s syndrome and two dopamine genes (DAT1, DBH) in
Taiwanese children

3:82
3:88

C
Chemistry and biology of Phellinus linteus
Correlation of serum leptin and resistin levels with the metabolic risk factors of pre- and
postmenopausal women in South India
Crude extract of Rheum palmatum inhibits migration and invasion of U-2 OS human osteosarcoma
cells by suppression of matrix metalloproteinase-2 and -9
Cytotoxins of Vibrio vulniﬁcus: Functions and roles in pathogenesis

3:106
3:167
3:120
3:19

D
Development of natural antitumor agents
Diagnosis and treatment trends in biomedicine
Down-regulation of voltage-gated Ca2+ channels in Ca2+ store-depleted rat insulinoma
RINm5F cells

3:105
3:147
3:130

E
Effect of combination of a polyamine-free oral nutritional supplement and docetaxel in
symptomatic, metastatic castrate-resistant prostate cancer patients

3:153

G
Genetic nature and virulence of community-associated methicillin-resistant Staphylococcus aureus
Genetic variations within the PSORS1 region affect Kawasaki disease development and coronary
artery aneurysm formation

3:2
3:73

H
Human coronaviruses: Clinical features and phylogenetic analysis

3:43

I
In vitro and in vivo bioluminescent imaging to evaluate anti-Escherichia coli activity
of Galla Chinensis
Increased IL-8 and IL-1␤ in the bile of acute cholecystitis patients
Increased incidence of Parkinsonism among Chinese with ␤-glucosidase mutation
in central Taiwan
Infectious diseases: A never-ending threat
Inhibitory effect of alpinate Oxyphyllae fructus extracts on Ang II-induced cardiac
pathological remodeling-related pathways in H9c2 cardiomyoblast cells

3:160
3:181
3:92
3:1
3:148

L
Leptin induces cell invasion and the upregulation of matrilysin in human colon cancer cells
Long noncoding RNAs and viral infections

BIOMED_v3_i4_BM.indb III

3:174
3:34

11/27/2013 2:07:16 AM

IV

BIOMEDICINE 3 (2013) III–IV

M
Manipulation of host cholesterol by Helicobacter pylori for their beneﬁcial ecological niche
Möbius syndrome in a male with XX/XY mosaicism

3:27
3:102

P
Patterns of electrical activity synchronization in the pregnant rat uterus
Personalized medicine: A paradigm shift in healthcare

3:140
3:66

R
Rare diseases: A mysterious puzzle

3:65

S
Seasonal variation of birth defects in Norway
Study of Candida albicans and its interactions with the host: A mini review

3:95
3:51

T
Treating metastatic castration-resistant prostate cancer with novel polyamine-free oral
nutritional supplementation: Phase I study

3:114

U
Unusual cause of gastroparesis

BIOMED_v3_i4_BM.indb IV

3:145

11/27/2013 2:07:16 AM

INSTRUCTIONS TO AUTHORS
BioMedicine aims to publish high quality scientific
research in the field of translational and personalized medicine, with the goal of promoting and disseminating medical science knowledge to improve
global health.
Articles on clinical, laboratory and social research in
translational and personalized medicine and related
fields that are of interest to the medical profession
are eligible for consideration. Review articles, original
articles, case reports, short communications, and
letters to the editor are accepted. The journal is
published quarterly, with a total of four issues a year.
The Editorial Board requires authors to be in
compliance with the Uniform Requirements for
Manuscripts Submitted to Biomedical Journals (URMs);
current URMs are available at http://www.icmje.org.

1. Manuscript Submission
Manuscripts should be submitted online through
Elsevier's Editorial System (EES). This system can be
accessed at http://ees.elsevier.com/biomed. This site
will guide authors stepwise through the submission
process. If assistance is required, please refer to the
tutorials and/or customer support that are available on
the website, or you may contact the Editorial Office.
Editorial Office
BioMedicine
No. 91, Hsueh-Shih Road, Taichung 40402, Taiwan.
Tel: (+886) 4-22070672; Fax: (+886) 4-22070813
E-mail: biomed1958@gmail.com

1.1. Important Information
•

Articles submitted should be in Microsoft Word
document format and prepared in the simplest
form possible. We will add in the correct font,
font size, margins and so on according to the
journal’s style.

•

You may use automatic page numbering, but do
NOT use other kinds of automatic formatting such
as footnotes, headers and footers.

•

Put text, references, and table/figure legends in
one file.

•

Figures must be submitted separately as picture
files, at the correct resolution. The files should be
named according to the figure number, e.g.,
“Article1_Fig1”, “Article1_Fig2”. Also see Section
9.7. below.

1.2. Supporting Documents
The following documents must be included (refer
also to the Checklist that follows these author
instructions):
(1) Cover Letter. This must include the name, address,
telephone and fax numbers, and e-mail address of
the corresponding author.

BIOMED_v3_i4_BM.indb V

(2) Authorship Statement. You may use the form
that follows these author instructions. ALL the
authors’ signatures must be included.
(3) Conflict of Interest Statement. You may use the
form that follows these author instructions. Also
see Section 2 below.
(4) Copyright Transfer Agreement. You may use the
form that follows these author instructions.
(5) Ethics Statement. Articles covering human or
animal experiments must be accompanied by a
letter of approval from the relevant review
committee or authorities. Also see Section 3 below.
(6) Consolidated Standards of Reporting Trials
(CONSORT) flow chart for randomized controlled
trials submitted for publication. Also see Section 4
below.
(7) Articles where human subjects can be identified
in descriptions, photographs or pedigrees must be
accompanied by a signed statement of informed
consent to publish (in print and online) the
descriptions, photographs and pedigrees from each
subject who can be identified. Also see Section 5
below.
(8) Where material has been reproduced from other
copyrighted sources, the letter(s) of permission
from the copyright holder(s) to use the copyrighted
sources must be supplied.

2. Disclosure of Conflicts of Interest
All authors are required to sign and submit a
financial disclosure statement at the time of
manuscript submission, for example:
I certify that all my affiliations with or financial
involvement in, within the past 5 years and foreseeable
future, any organization or entity with a financial
interest in or financial conflict with the subject matter
or materials discussed in the manuscript are completely
disclosed (e.g., employment, consultancies, honoraria,
stock ownership or options, expert testimony, grants
or patents received or pending, royalties).
Authors who have no relevant financial interests
should provide a statement indicating that they have
no financial interests related to the material in the
manuscript. Any non-financial conflicts of interest
should also be explicitly declared in your own words.

3. Ethical Approval of Studies and Informed
Consent
For human or animal experimental investigations,
appropriate institutional review board or ethics
committee approval is required, and such approval
should be stated in the methods section of the
manuscript. For those investigators who do not have
formal ethics review committees, the principles
outlined in the Declaration of Helsinki should be

11/27/2013 2:07:16 AM

followed (World Medical Association. Declaration
of Helsinki: ethical principles for medical research
involving human subjects. Available at: http://www.
wma.net/en/30publications/10policies/b3/index.
html).
For investigations in humans, state explicitly in
the methods section of the manuscript that informed
consent was obtained from all participating adults
and from parents or legal guardians for minors or
incapacitated adults, together with the manner in
which informed consent was obtained (ex. oral or
written).
For work involving experimental animals, the
guidelines for their care and use should be in
accordance with European Commission Directive
86/609/EEC for animal experiments (available at http://
ec.europa.eu/environment/chemicals/lab_animals/
legislation_en.htm); this should be stated in the
methods section of the manuscript.

4. Reporting Clinical Trials
All randomized controlled trials submitted for publication should include a completed Consolidated
Standards of Reporting Trials (CONSORT) flow
chart (available at http://www.consort-statement.
org). This Journal has adopted the proposal from
the International Committee of Medical Journal
Editors (ICMJE) that require, as a condition of consideration for publication of clinical trials, registration in a public trials registry. Purely observational
studies (those in which the assignment of the
medical intervention is not at the discretion of the
investigator) do not require registration. Further
information can be found at http://www.icmje.org.

5. Identification of Patients in Descriptions,
Photographs and Pedigrees
A signed statement of informed consent to publish
(in print and online) patient descriptions,
photographs and pedigrees should be obtained
from all subjects (parents or legal guardians for
minors) who can be identified (including by the
subjects themselves) in such written descriptions,
photographs or pedigrees. Such persons should be
shown the manuscript before its submission.
Omitting data or making data less specific to
de-identify patients is acceptable, but changing
any such data is not acceptable.

6. Previous Publication or Duplicate Submission
Submitted manuscripts are considered with the
understanding that they have not been published
previously in print or electronic format (except in
abstract or poster form) and are not under
consideration in totality or in part by another
publication or electronic medium.

BIOMED_v3_i4_BM.indb VI

7. Basic Criteria
Articles should be written in English (using
American English spelling) and meet the following
basic criteria: the material is original, the
information is important, the writing is clear and
concise, the study methods are appropriate, the
data are valid, and the conclusions are reasonable
and supported by the data.

8. Article Categories
8.1. Review Articles
These should aim to provide the reader with a
balanced overview of an important and topical
subject in the field, and should be systematic and
critical assessments of literature and data sources.
They should cover aspects of a topic in which
scientific consensus exists as well as aspects that
remain controversial and are the subject of
ongoing scientific research. All articles and data
sources reviewed should include information about
the specific type of study or analysis, population,
intervention, exposure, and tests or outcomes. All
articles or data sources should be selected
systematically for inclusion in the review and
critically evaluated.
By invitation only. The format for review articles
will be jointly decided by the Editors and the
contributing author. Typical length: no more than
4000 words, 50–100 references.

8.2. Original Articles
These may be randomized trials, intervention
studies, studies of screening and diagnostic tests,
laboratory and animal studies, cohort studies, costeffectiveness analyses, case-control studies, and
surveys with high response rates, which represent
new and significant contributions to the field.
Section headings should be: Abstract,
Introduction, Methods, Results, Discussion,
Acknowledgments (if applicable), Conflicts of
Interest (if any), and References.
The Introduction should provide a brief
background to the subject of the paper, explain
the importance of the study, and state a precise
study question or purpose.
The Methods section should describe the study
design and methods (including the study setting
and dates, patients/participants with inclusion
and exclusion criteria, or data sources and how
these were selected for the study, patient samples
or animal specimens used, explain the laboratory
methods followed), and state the statistical
procedures employed in the research.
The Results section should comprise the study
results presented in a logical sequence, supplemented by tables and/or figures. Take care that
the text does not repeat data that are presented in
tables and/or figures. Only emphasize and summarize the essential features of any interventions,
the main outcome measures, and the main results.

11/27/2013 2:07:16 AM

The Discussion section should be used to
emphasize the new and important aspects of the
study, placing the results in context with published
literature, the implications of the findings, and the
conclusions that follow from the study results.
Typical length: no more than 5500 words, 40–80
references.

8.6. Editorials

8.3. Case Reports

9. Manuscript Preparation

These are short discussions of a case or case series
with unique features not previously described that
make an important teaching point or scientific
observation. They may describe novel techniques,
novel use of equipment, or new information on
diseases of importance. Section headings should
be: Abstract, Introduction, Case Report, Discussion,
Acknowledgments (if applicable), Conflicts of
Interest (if any), and References.
The Introduction should describe the purpose
of the report, the significance of the disease and
its specificity, and briefly review the relevant
literature.
The Case Report should include the general
data of the case, medical history, family history,
chief
complaint,
present
illness,
clinical
manifestation, methods of diagnosis and
treatment, and outcome.
The Discussion should compare, analyze and
discuss the similarities and differences between
the reported case and similar previously reported
cases. The importance or specificity of the case
should be restated when discussing the differential
diagnoses. Suggest the prognosis of the disease
and possibility of prevention. Typical length: no
more than 1500 words, 20–40 references.

8.4. Short Communications
These should be concise presentations of clinical
or preliminary experimental results. Section headings should be: Abstract, Introduction, Methods,
Results,
Discussion,
Acknowledgments
(if applicable), Conflicts of Interest (if any), and
References.
Typical length: no more than 1000 words, 20–40
references, with no more than four figures or
tables. The Editors reserve the right to decide what
constitutes a Short Communication.

8.5. Letters to the Editor
Letters are welcome in response to previously
published articles, and may also include
interesting cases that do not meet the requirement
of being truly exceptional, as well as other
communications of general interest. Letters
should have a title and include appropriate
references, and include the corresponding author’s
mailing and e-mail addresses. Letters are edited,
sometimes extensively, to sharpen their focus.
They may be sent for peer review at the discretion
of the Editors. Letters are selected based on clarity,
significance, and space. Typical length: no more
than 600 words, 5–10 references; 1 table and/or
1 figure may be included.
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Editorials are invited articles or comments
concerning a specific paper in the Journal or a
topical issue in the field. While normally invited,
unsolicited editorials may be submitted. Typical
length: no more than 1500 words, 15–30 references.

Text should be typed double-spaced on one side of
white A4 (297 × 210 mm) paper, with outer margins
of 2.5 cm. A manuscript should include a title page,
abstract, text, acknowledgments (if any), conflicts
of interest statement (if any), references, and
figures and tables as appropriate. Each section of
the manuscript should begin on a new page. Pages
should be numbered consecutively, beginning
with the title page.

9.1. Title Page
The title page should contain the following
information (in order, from the top to bottom of
the page):
•

category of paper

•

article title

•

names (spelled out in full)* of all the authors,
and the institutions with which they are
affiliated; indicate all affiliations with a
superscripted lowercase letter after the author’s
name and in front of the appropriate affiliation

•

corresponding author details (name, e-mail,
mailing address, telephone and fax numbers)

*The name of each author should be written with the
family name last, e.g., Jing-Lin Chang. Authorship is
restricted only to direct participants who have contributed
significantly to the work.

9.2. Abstract and Keywords
Abstracts should be no more than 300 words in
length. Abstracts for Original Articles should be
structured, with the section headings: Background/
Introduction, Purpose(s)/Aim(s), Methods, Results,
Conclusion. Abstracts for Case Reports are
unstructured, but should include the significance
and purpose of the case presentation, the
diagnostic methods of the case, the key data, and
brief comments and suggestions with regard to
the case. Abstracts for Review Articles and Short
Communications should also be unstructured. No
abstract is required for Letters to the Editor and
Editorials. For the article categories that require an
abstract, 3–5 relevant keywords should also be
provided in alphabetical order.

9.3. Main Text
The text for Original Articles should be organized
into
the
following
sections:
Background/
Introduction, Purpose(s)/Aim(s), Methods, Results
and Discussion. Sections for Case Reports are:
Introduction, Case Report, and Discussion. Each
section should begin on a new page.
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9.3.1. Abbreviations
Where a term/definition will be continually referred
to, it must be written in full when it first appears in
the text, followed by the subsequent abbreviation
in parentheses. Thereafter, the abbreviation may
be used. An abbreviation should not be first defined
in any section heading; if an abbreviation has
previously been defined in the text, then the
abbreviation may be used in a subsequent section
heading. Restrict the number of abbreviations to
those that are absolutely necessary.
9.3.2. Units
Système International (SI) units must be used,
with the exception of blood pressure values which
are to be reported in mmHg. Please use the metric
system for the expression of length, area, mass,
and volume. Temperatures are to be given in
degrees Celsius.
9.3.3. Names of drugs, devices and other products
Use the Recommended International Nonproprietary Name for medicinal substances, unless
the specific trade name of a drug is directly relevant
to the discussion. For devices and other products,
the generic term should be used, unless the specific
trade name is directly relevant to the discussion. If
the trade name is given, then the manufacturer
name and the city, state and country location of
the manufacturer must be provided the first time it
is mentioned in the text, for example, “…SPSS
version 11 was used (SPSS Inc., Chicago, IL, USA).”
9.3.4. Statistical requirements
Statistical analysis is essential for all research
papers except case reports. Use correct
nomenclature of statistical methods (e.g., two
sample t test, not unpaired t test). Descriptive statistics should follow the scales used in data
description. Inferential statistics are important for
interpreting results and should be described in
detail.
All p values should be expressed to 2 digits to
the right of the decimal point, unless p < 0.01, in
which case the p value should be expressed to 3
digits to the right of the decimal point. The
smallest p value that should be expressed is p <
0.001, since additional zeros do not convey
useful information; the largest p value that
should be expressed is p > 0.99.
9.3.5. Personal communications and unpublished
data
These sources cannot be included in the references
list but may be described in the text. The author(s)
must give the full name and highest academic
degree of the person, the date of the communication,
and indicate whether it was in oral or written (letter,
fax, e-mail) form. A signed statement of permission
should be included from each person identified as a
source of information in a personal communication
or as a source for unpublished data.
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9.4. Acknowledgments and Conflicts of Interest
Statement
General acknowledgments for consultations,
statistical analysis, etc., should be listed concisely
at the end of the text, including the names of the
individuals who were directly involved. Consent
should be obtained from those individuals before
their names are listed in this section. All financial
and material support for the research and work
from internal or external agencies, including
commercial companies, should be clearly and
completely identified. Ensure that any conflicts of
interest (financial and/or non-financial) are
explicitly declared.

9.5. Abbreviation list
A term that appears more than three times in a
paper should be abbreviated. Spell out the term on
first mention, followed by the abbreviated form in
parentheses.
Thereafter,
please
use
the
abbreviated form. Supply a list of nonstandard
abbreviations used in the paper at the end of the
main text, in alphabetical order, giving each
abbreviation followed by its spelled-out version.

9.6. References
9.6.1. In the main text, tables, figure legends
• References should be indicated by numbers in
square brackets in line with the text, and
numbered consecutively in order of appearance
in the text.
• References cited in tables or figure legends
should be included in sequence at the point
where the table or figure is first mentioned in
the main text.
• Do not cite uncompleted work or work that has
not yet been accepted for publication (i.e.,
“unpublished observation”, “personal communication”) as references. Also see Section 9.3.5.
above.
• Do not cite abstracts unless they are the only
available reference to an important concept.
9.6.2. In the references section
• References should be limited to those cited in
the text and listed in numerical order, NOT
alphabetical order.
•

References should include, in order, author
surnames and initials, article title, abbreviated
journal name, year, volume and inclusive page
numbers. The last names and initials of all the
authors up to 6 should be included, but when
authors number 7 or more, list the first 6
authors only followed by “et al”. Abbreviations
for journal names should conform to those
used in MEDLINE.

•

If citing a website, provide the author information, article title, website address and the date
you accessed the information.
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•

Reference to an article that is in press must
state the journal name and, if possible, the
year and volume.

Authors are responsible for the accuracy and completeness
of their references and for correct text citation.
Examples are given below.
Standard journal article
Chen Z, Fan M, Bian Z, Zhang Q, Zhu Q, Lu P.
Immunolocalization of heat shock protein 70
during reparative dentinogenesis. Chin J Dent Res
2000;3:50–5.
Journal supplement
Kaplan NM. The endothelium as prognostic factor
and therapeutic target: what criteria should we apply?
J Cardiovasc Pharmacol 1998;32(Suppl 3):S78–80.
Journal article not in English but with English abstract
Nakayama H, Ishikawa T, Yamashita S, Fukui I,
Mutoh T, Hikichi K, et al. CSF leakage and anosmia in
aneurysm clipping of anterior communicating artery
by basal interhemispheric approach. No Shinkei
Geka 2011;39:263–8. [In Japanese, English abstract]
Book
Bradley EL. Medical and surgical management.
Philadelphia: Saunders; 1982, p. 72–95.
Book chapter in book with editor and edition
Greaves M, Culligan DJ. Blood and bone marrow.
In: Underwood JCE, editor. General and systematic
pathology. 4th ed. London: Churchill Livingstone;
2004, p. 615–72.
Bulletin
World Health Organization. World health report 2002:
reducing risk, promoting healthy life. Geneva,
Switzerland: World Health Organization; 2002.
Company/manufacturer publication/pamphlet
Eastman Kodak Company, Eastman Organic
Chemicals. Catalog no. 49. Rochester, NY: Eastman
Kodak; 1977, p. 2–3.
Electronic publications
Duchin JS. Can preparedness for biological terrorism
save us from pertussis? Arch Pediatr Adolesc Med
2004;158:106–7. Available from: http://archpedi.amaassn.org/cgi/content/full/158/2/106. Accessed June 5,
2004.
Smeeth L, Iliffe S. Community screening for visual
impairment in the elderly. Cochrane Database
Syst Rev 2002(2):CD001054. doi:10.1002/14651858.
CD1001054.
Items presented at a meeting but not yet published
Durbin D, Kallan M, Elliott M, Arbogast K, Cornejo R,
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Winston F. Risk of injury to restrained children from
passenger air bags. Paper presented at: 46th Annual
Meeting of the Association for the Advancement for
Automotive Medicine; September 2002; Tempe, AZ.
Greenspan A, Eerdekens M, Mahmoud R. Is there
an increased rate of cerebrovascular events among
dementia patients? Poster presented at: 24th
Congress of the Collegium Internationale NeuroPsychopharmacologicum (CINP); June 20–24, 2004;
Paris, France.
Khuri FR, Lee JJ, Lippman SM. Isotretinoin effects on
head and neck cancer recurrence and second primary
tumors. In: Proceedings from the American Society of
Clinical Oncology; May 31–June 3, 2003; Chicago,
IL. Abstract 359.
Item presented at a meeting and published
Cionni RJ. Color perception in patients with UV- or
blue-light-filtering IOLs. In: Symposium on
Cataract, IOL, and Refractive Surgery. San Diego,
CA: American Society of Cataract and Refractive
Surgery; 2004. Abstract 337.
Material accepted for publication but not yet published
Carrau RL, Khidr A, Crawley JA, Hillson EM, Davis JK,
Pashos CL. The impact of laryngopharyngeal reflux
on patient-reported quality of life. Laryngoscope.
In press.
Ofri D. Incidental findings: Lessons from my patients
in the art of medicine. Boston, MA: Beacon Press. In
press.
Theses and dissertations
Undeman C. Fully automatic segmentation of MRI
brain images using probabilistic diffusion and a
watershed scale-space approach [master’s thesis].
Stockholm, Sweden: NADA, Royal Institute of
Technology; 2001.
Ayers AJ. Retention of resin restorations by means
of enamel etching and by pins [dissertation].
Indianapolis: Indiana University; 1971.
Website
American Association of Oral and Maxillofacial
Surgeons. Wisdom teeth. AAOMS Web site. http://
www.aaoms.org/wisdom_teeth.php. Published
January 23, 2008. Updated March 9, 2009. Accessed
November 15, 2009.

9.7. Tables
Tables should supplement, not duplicate, the text.
They should have a concise table heading, be selfexplanatory, and numbered consecutively in the
order of their citation in the text. Information
requiring explanatory footnotes should be denoted
using
superscripted
lowercase
letters
in
alphabetical order (a, b, c, etc.). Asterisks (*, **) are
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used only to indicate the probability level of tests
of significance. Abbreviations used in the table
must be defined and placed after the footnotes. If
you include a block of data or table from another
source, whether published or unpublished, you
must acknowledge the original source.

9.8. Figures
9.8.1. General guidelines
The number of figures should be restricted to the
minimum necessary to support the textual
material. They should have an informative figure
legend and be numbered in the order of their
citation in the text. All symbols and abbreviations
should be defined in the legend. Patient
identification should be obscured. All lettering
should be done professionally and should be in
proportion to the drawing, graph or photograph.
Photomicrographs must include an internal scale
marker, and the legend should state the type of
specimen, original magnification and stain.
Figures must be submitted as separate picture files
at the correct resolution (see Section 9.7.2. below). The
files should be named according to the figure number,
e.g., “Article1_Fig1”, “Article1_Fig2”.

9.8.2. Formats
Regardless of the application used, when your
electronic artwork is finalized, please “save as” or
convert the images to one of the following formats
(note the resolution requirements for line drawings,
halftones, and line/halftone combinations given
below):
EPS: Vector drawings. Embed the font or save the
text as “graphics”.
• TIFF: Color or grayscale photographs (halftones):
always use a minimum of 300 dpi.
• TIFF: Bitmapped line drawings: use a minimum of
1000 dpi.
• TIFF: Combination of bitmapped line/half-tone
(color or grayscale): a minimum of 600 dpi is
required.
• DOC, XLS or PPT: If your electronic artwork is
created in any of these Microsoft Office
applications, please supply “as is”.
Please do not:
• Supply files that are optimized for screen use (like
GIF, BMP, PICT, WPG); the resolution is too low;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large
for the content.

If such an acknowledgment is not received in a
reasonable period of time, the author should
contact the Editorial Office.
Submissions are reviewed by the Editorial Office to
ensure that it contains all parts. The Editorial Office
will not accept a submission if the author has not
supplied all the material and documents as outlined
in these author instructions.
Manuscripts are then forwarded to the Editor-inChief, who makes an initial assessment of it. If the
manuscript does not appear to be of sufficient merit
or is not appropriate for the Journal, then the
manuscript will be rejected without review.
Manuscripts that appear meritorious and
appropriate for the Journal are reviewed by at least
two Editorial Board members or expert consultants
assigned by the Editor-in-Chief. Authors will
usually be notified within 6 weeks of whether
the submitted article is accepted for publication,
rejected, or subject to revision before acceptance.
However, do note that delays are sometimes
unavoidable.

11. Preparation for Publication
Once a manuscript has been accepted for
publication, the authors should submit the final
version of the manuscript in MS Word format, with
all tables/figures as applicable, to the Editorial Office.
Accepted manuscripts are copyedited according
to the Journal’s style and PDF page proofs are
e-mailed by the Publisher to the corresponding
author for final approval. Authors are responsible
for all statements made in their work, including
changes made by the copy editor.

•

A detailed guide on electronic artwork is available at
http://www.elsevier.com/artworkinstructions.

10. The Editorial and Peer Review Process
As a general rule, the receipt of a manuscript will
be acknowledged within 1 week of submission,
and authors will be provided with a manuscript
reference number for future correspondence.
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12. Publication Charges and Reprints
Authors receive 10 stapled offprints of their articles
free of charge, which will be sent by the Editorial
Office to the corresponding author. Professional
reprints (which include a cover page for the article)
may be ordered from the Publisher at prices based on
the cost of production. A reprint order form can be
downloaded from the journal website at www.ebiomedicine.com.

13. Copyright
BioMedicine is the official peer-reviewed publication
of China Medical University (the Proprietor),
Taichung, Taiwan. Published manuscripts become
the permanent property of the Proprietor. All
articles published in the Journal are protected by
copyright, which covers the exclusive rights to
reproduce and distribute the article, as well as
translation rights. No part of this publication may
be reproduced, stored in any retrieval system, or
transmitted in any form or by any means,
electronic, mechanical, by photocopying, recording,
or otherwise, without prior written permission
from the Proprietor.
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CHECKLIST
Only complete manuscript submissions will be considered for publication. Complete submission must include:
Cover letter for manuscript submission
Authorship statement signed by all authors
Signed conﬂicts of interest disclosure statement
Signed copyright transfer agreement
Manuscript in MS Word format
AND, where applicable
Letter of approval from review committee for use of human samples in research and human
experiments
Letter of approval from relevant authority for use of animals in experiments
CONSORT ﬂow chart for randomized controlled trial
Signed consent to publish (in print and online) from human subjects who can be identiﬁed in
your manuscript
Letter(s) of permission from copyright holder(s) to use copyrighted sources in your
manuscript
In the actual article, ensure that the following information is provided:
Title page
Article category
Article title
Name(s) and afﬁliation(s) of author(s)
Corresponding author details (name, e-mail, mailing address, telephone and fax numbers)
Abstract: structured for Original Article; unstructured for Review Article, Case Report, Short
Communication (none required for Editorial, Letter to the Editor)
3–5 relevant keywords in alphabetical order: required for Review Article, Original Article,
Case Report, Short Communication (MeSH terms are recommended; see http://www.ncbi.
nlm.nih.gov/mesh?term)
Main text
References in the correct format, cited in numerical order, and all references in the List are
cited in the Text/Tables/Figures, and vice versa
AND, where applicable
Acknowledgments
Conﬂicts of interest statement
Table headings and tables, each on a new page
Figure legends, on a new page
Electronic picture ﬁles of all ﬁgures; resolution of 300 dpi for halftone images, 600 dpi for
combination art (halftone + line art), and 1000 dpi for line art
Further considerations:
Manuscript has been spell-checked and grammar-checked
Color ﬁgures are clearly marked as being intended for: (I) color reproduction on the Web
(free of charge) and in print; or (II) color reproduction on the Web (free of charge) and in
grayscale in print (free of charge). If option (II), then grayscale versions of the ﬁgures are also
supplied for printing purposes.
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