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Des-y-carboxy prothrombin and c-Met were concurrently and
extensively expressed in hepatocellular carcinoma and associated
with tumor recurrence

Jianjun Gao"*, Xiaobin Feng”*, Yoshinori Inagaki’, Peipei Song', Norihiro Kokudo',

Kiyoshi Hasegawa', Yasuhiko Sugawara', Wei Tang

1,%3%

' Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of Medicine, The University of Tokyo,

Tokyo, Japan;

? Institute of Hepatobiliary Surgery, Southwest Hospital, Third Military Medical University, Chongging, China;
* The Laboratory of Microbiology, Graduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan.

Summary

The aim of this study was to investigate co-expression of des-y-carboxy prothrombin (DCP)
and c-Met in hepatocellular carcinoma (HCC) and its significance in predicting tumor
recurrence after surgical resection. Inmunohistochemical techniques were used to examine
DCP and c-Met expression in HCC samples collected from 153 patients. DCP and c-Met
staining were observed in tumor areas in 63.4% (97/153) and 66.7% (102/153) of patients,
respectively, and these figures are markedly higher than the rates at which adjacent
nontumorous areas tested positive of 13.1% (20/154) and 28.8% (44/153). Furthermore,
DCP and c-Met were consistently present or absent in HCC regions in 51.0% (78/153) and
20.9% (32/153) of patients, in adjacent nontumorous regions in 7.2% (11/153) and 65.4%
(100/153) of patients, and in whole regions including HCC and adjacent nontumorous
regions in 58.2% (89/153) and 19.6% (30/153) of patients. These results indicate that DCP
and c-Met usually appeared or disappeared in HCC in a parallel manner. c-Met was found
to be related to tumor recurrence in patients with HCC. When combined with DCP, c-Met
is more effective at predicting non-recurrence of HCC than c-Met alone. Expression of
neither DCP nor c-Met in HCC regions and adjacent regions signified a low rate of tumor
recurrence after surgical resection. Results of the current study suggested that DCP and
c-Met are commonly and concurrently expressed in HCC and their absence is associated
with a low risk of tumor recurrence.

Keywords: Des-y-carboxy prothrombin (DCP), hepatocellular carcinoma (HCC), c-Met,
histochemical expression, DCP/c-Met signal pathway, recurrence

1. Introduction

Hepatocellular carcinoma (HCC) is a severe condition
that is found worldwide. Eastern Asian countries such
as Japan and China are areas where HCC is highly
prevalent due to serious hepatitis C virus (HCV)/

* Both contributed equally to this work.

** Address correspondence to:

Dr. Wei Tang, Hepato-Biliary-Pancreatic Surgery
Division, Department of Surgery, Graduate School
of Medicine, The University of Tokyo, 7-3-1 Hongo,
Bunkyo-ku, Tokyo, Japan.

E-mail: TANG-SUR@h.u-tokyo.ac.jp

hepatitis B virus (HBV) infection in the population (7,2).
Therapeutic regimens including liver transplantation,
surgical resection, and local-regional therapy such
as transarterial chemoembolization (TACE) play
a major role in HCC management. Although these
treatments as well as diagnostic modalities and clinical
screening have made great progress in recent years,
HCC continues to have a dismal prognosis, with 5-year
recurrence at 40-70% due to invasion and metastasis
prior to treatment (3). Therefore, a key step would be to
explore prognostic factors to help distinguish patients
with a high or low risk of recurrence and then adopt an
appropriate approach for surveillance and treatment of
this disease.

www.biosciencetrends.com
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The c-Met proto-oncogene was originally identified
as a transforming gene activated after in vitro treatment
of a human osteosarcoma cell line with a chemical
carcinogen, N-methyl-N'-nitro-N-nitrosoguanidine (4).
Molecular cloning studies revealed that it encodes a
protein tyrosine kinase that is now known as the cell
surface receptor for hepatocyte growth factor (HGF) (35).
Activation of the c-Met signaling pathway is involved
in diverse cellular responses such as mitogenesis,
motogenesis, or morphogenesis depending on the
particular cell type and the microenvironment (6).
Expression of c-Met in HCC was reported to be linked to
an unfavorable clinicopathologic status, including a high
proliferation index, low degree of differentiation, and
vascular invasion and metastasis (3,7-/7). In addition, a
high level of c-Met is correlated with a poor prognosis,
including risk of tumor recurrence and short survival
time (3,7/2-14). These studies suggest that c-Met might
serve as a prognostic factor for HCC. That said, previous
studies found that HGF, the natural ligand of c-Met,
was not expressed or activated in normal liver tissue
and was often absent in human HCC tissues (8,9,15,16).
HCC tissues that are positive for HGF have a rather
homogeneous HGF signal that is not correlated with
the histological grade or other morphological features
(8). These results seem to suggest that activation of the
c-Met signal transduction pathway seems to depend on
factors other than HGF in HCC pathology. Thus far, the
potential factors that trigger c-Met signal transduction
and contribute to the initiation and progression of HCC
are, at least in part, largely unknown.

Recent studies by the current authors and other
researchers found that des-y-carboxy prothrombin
(DCP), an abnormal cytokine secreted by HCC cells,
was involved in the activation and regulation of
downstream pathways of the c-Met signaling system in
vitro and in animal studies (/7-20). Thus, whether or
not DCP and c-Met are co-expressed in human HCC
and whether their co-expression is correlated with
tumor recurrence are questions of great interest. The
present study focuses on the expression profiles of DCP
and c-Met in human HCC tissues and explores their
clinical prognostic value in predicting tumor recurrence.

2. Materials and Methods
2.1. Patients

Liver tissue samples were collected from 153 patients
(123 males and 30 females; median age of 63 years;
range of 19-81 years) with a single primary HCC
nodule. These patients underwent surgical resection
at the Hepato-Biliary-Pancreatic Surgery Division,
Department of Surgery, Graduate School of Medicine,
The University of Tokyo, between January 2005 and
December 2007. The study was approved by the Ethics
Committee of The University of Tokyo.

2.2. Immunohistochemical staining

Sections (4-pum thick) were obtained from archival
formalin-fixed, paraffin-embedded tissue blocks,
deparaffinized with a xylene solution and dehydrated
through a graded series of ethanol solutions.
Endogenous peroxidase was inactivated through
administration of 0.3% hydrogen peroxide/methanol
for 30 min. After microwave irradiation, the slides were
incubated with blocking serum at room temperature
for 30 min. The sections were then incubated with
the primary anti-DCP monoclonal antibody (MU-3,
1:900 dilution; Eisai, Tokyo, Japan) for 60 min at room
temperature. After the sections were incubated with
biotinylated secondary antibody for 60 min, detection
of DCP was achieved by the biotin streptavidin-
peroxidase complex method using a commercial
kit (Histofine SAB-PO kit; Nichirei, Tokyo, Japan).
3,3'-diaminobenzidine was used as the chromogen and
hematoxylin was used as a counterstain. Sections that
had not been subjected to primary antibody incubation
served as a negative control to monitor background
staining. The percentage of stained cancer cells out of
the total number of cancer cells was determined in 10
random microscopic fields of each tissue sample, or
using the entire area, if the tissue sample comprised
fewer than 10 fields. Samples in which more than
10% of carcinoma cells were stained were defined as
positive (21,22).

2.3. Statistical analysis

Statview 5.0J (Abacus Concepts, Berkeley, CA, USA)
statistical software was used for data analysis. A y’ test
was used to evaluate the relationship between DCP/
c-Met expression and tumor recurrence. p < 0.05 was
considered statistically significant.

3. Results and Discussion

3.1. DCP and c-Met expression profiles in HCC and
surrounding non-cancerous liver tissues

DCP and c-Met expression in HCC and adjacent
nontumorous liver tissues were determined using
immunohistochemistry. Immunohistochemical staining
for DCP indicated that 97 patients (97/153, 63.4%)
were positive for DCP staining in cancerous tissues
(Table 1). Of these 97 patients, 82 were positive
for DCP staining only in HCC tissues and 15 were
positive for DCP staining in both tumorous tissues
and adjacent nontumorous tissues. DCP expression
was detected in adjacent noncancerous tissues in 20
patients (20/153, 13.1%). A significant difference (p
< 0.01) in DCP positivity was noted in HCC tissues
compared to adjacent nontumorous tissues. The
c-Met expression profile was also observed in HCC

www.biosciencetrends.com
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specimens collected in the present study (Table 1).
In total, 102 patients (102/153, 66.7%) were found
to have c-Met-staining tumors; c-Met was detected
in HCC tissues alone in 66 patients and in both HCC
and surrounding nontumorous liver tissues in 36.
Expression of c-Met in adjacent nontumorous tissues
was noted in a markedly smaller number of patients
(44/153, 28.8%) compared to that in tumorous tissues
(p < 0.01). The expression profiles of DCP and c-Met
noted in the present study indicated that HCC tissues
are prone to express DCP and c-Met and implied
that abnormally elevated expression of these two
molecules in HCC tissues may play a role in HCC
development and progression.

3.2. Co-existence of DCP and c-Met in HCC

One aim of the current study was to investigate
whether DCP and c-Met co-existed in the liver tissues
of patients with HCC. Specifically, the correlation
between the presence of DCP and the presence of c-Met
was analyzed in three matched groups: i) cancerous
tissue producing DCP and cancerous tissue expressing
c-Met; ii) adjacent non-cancerous tissue producing DCP
and adjacent noncancerous tissue expressing c-Met;
and iii) whole tissue (either cancerous or adjacent
noncancerous tissue) producing DCP and whole
tissue expressing c-Met. In each matched group, the
patients were divided into four categories according to
the presence or absence of DCP and c-Met, i.e. DCP
positive and c-Met-positive patients, DCP-negative

Table 1. DCP and c-Met expression in cancerous tissues
and adjacent noncancerous tissues

Sub-group DCP c-Met
n (percent) n (percent)

C(+)NC(+) 15 (9.8%) 36 (23.5%)
C(+)NC(-) 82 (53.6%) 66 (43.1%)
C(-NC(+) 5(3.3%) 8 (5.2%)
C(—-NC(-) 51 (33.3%) 43 (28.1%)
Total cases 153 153

C(+) 97 (63.4%) 102 (66.7%)
NC (+) 20 (13.1%) 44 (28.8%)

C: cancerous tissues; NC: adjacent noncancerous tissues.

and c-Met-negative patients, DCP-positive and c-Met-
negative patients, and DCP-negative and c-Met-positive
patients.

For the first matched group, 78 patients (78/153,
51.0%) had co-existence of DCP and c-Met while 43
patients (43/153, 28.1%) had expression of only one
of the two molecules, either DCP or c-Met, in HCC
regions (Table 2). Of the 97 patients with cancerous
tissues that were stained with DCP antibody, 78
(78/97, 80.3%) were found to have c-Met expression
in tumor regions. Similarly, 76.5% of patients had
DCP expression in HCC regions among the patients
that were found positive for c-Met in tumor areas.
These results suggested that the existence of DCP
was usually accompanied by the presence of c-Met
in tumorous tissue. The percentage of consistent
expression of DCP and c-Met (71.9%) was markedly
higher than that of inconsistent expression (28.1%)
(» <0.0001). In the second matched group, i.e. DCP
and c-Met in adjacent noncancerous liver tissues,
100 patients (accounting for 65.4% of all patients)
displayed no staining for the two molecules. In
the group with noncancerous tissues that were not
stained with DCP antibody, c-Met expression was not
observed in the same area in 75.1% of specimens.
Coincidentally, the group with no c-Met staining in
adjacent noncancerous tissues had a negative rate
of DCP staining in noncancerous areas of 91.7%. A
parallel relationship between DCP and c-Met was
also apparent in the adjacent nontumorous liver
tissues of patients with HCC (p = 0.0054). Finally,
co-expression of DCP and c-Met was analyzed in
whole tissue, including cancerous and adjacent non-
cancerous areas. Eighty-nine specimens (89/153,
58.2%) concurrently expressed DCP and c-Met while
thirty (30/153, 19.6%) expressed neither DCP nor
c-Met. Collectively, consistent expression of DCP and
c-Met in whole tissues existed in 77.8% of patients,
revealing a relationship between the existence of DCP
and c-Met in patients with HCC (p < 0.0001). All
of these results indicated that the existence of DCP
and c-Met was parallel in tumor tissues, adjacent
nontumorous tissues, and whole tissues of HCC
samples investigated in this study (Figure 1).

Table 2. Correlation analysis of DCP and c-Met expression in HCC specimens

Sub-group DCP <>c-Met,

DCP, —c-Met,, DCP, <>c-Met,,

DCP(+)c-Met(+) cases
DCP(—)c-Met(-) cases
DCP(+)c-Met(—) cases
DCP(—)c-Met(+) cases

78 (51.0%)
32 (20.9%)
19 (12.4%)
24 (15.7%)

Total cases 153
p value <0.0001

11 (7.2%) 89 (58.2%)
100 (65.4%) 30 (19.6%)
9 (5.9%) 13 (8.5%)
33 (21.6%) 21 (13.7%)
153 153
0.0054 <0.0001

DCP,: DCP in cancerous tissue; c-Met: c-Met in cancerous tisse; DCP

ne*

: DCP in adjacent noncancerous tissue; c-Met,.: c-Met in adjacent

noncancerous tissue; DCP,: DCP in whole tissue, including cancerous tissue and adjacent noncancerous issue; c-Met,,: c-Met in whole tissue,

including cancerous tissue and adjacent noncancerous issue.

www.biosciencetrends.com
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Figure 1. A representative case of DCP and c-Met staining in HCC and adjacent noncancerous tissue. HCC specimens from
one patient were examined for DCP (A-D) and c-Met (E-F) expression, respectively. HCC nodule displayed immunoreactions for
both DCP (A and C) and c-Met (E and G) while adjacent nontumorous liver tissue (the right area of HCC nodule) showed neither
DCP (B and D) nor c-Met (F and H) immunoreactivity. Staining of DCP and c-Met was localized to both cytoplasm and cell
membrane, as shown in C and G. A, B, E, and F, original magnification x40; C, D, G, and H, original magnification %200.

www. biosciencetrends.com
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3.3. Influence of DCP/c-Met expression on HCC
recurrence

As recurrence is a common behavior of HCC after
treatment with surgical excision, the influence of
DCP and/or c-Met expression on HCC recurrence was
examined. The role of c-Met alone in predicting HCC
recurrence was first examined. HCC recurrence was
noted in 49 of 102 patients (48.0%) when c-Met was
detected in tumors, whereas the group without c-Met
in tumor areas had a clearly lower recurrence rate
of 27.5% (14/51) (p = 0.0147) (Figure 2). When the
patients were grouped according to whether c-Met was
expressed in whole tissue, i.e. either tumorous tissue or
adjacent nontumorous tissue, significant differences in
recurrence rates were noted in the two groups. Patients
in the c-Met-positive group were more susceptible to
recurrence, at a rate of 46.4% (51/110), compared to the
c-Met-negative group with a recurrence rate of 27.9%
(12/43) (p = 0.0371) (Figure 2). Next, the combined role
of c-Met and DCP in differentiating HCC recurrence
was examined. Patients with c-Met and/or DCP in HCC
and adjacent nontumorous tissues were found to have
a recurrence rate of 47.2% (58/123), which is similar
to that in the group positive for c-Met alone as noted
above. However, patients with neither c-Met nor DCP
in tumors and adjacent nontumorous tissues had a lower
recurrence rate of 16.7% than patients without no c-Met
(Figure 2). These results indicated that the combination
of c-Met and DCP is more efficient than c-Met alone
in distinguishing a low risk of recurrence in patients
with HCC. Absence of c-Met and DCP in tumors and
adjacent nontumorous tissues was associated with a low
HCC recurrence.

100
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Figure 2. Tumor recurrence rates in different groups in
relation to DCP/c-Met presence or absence. c-Met,: c-Met
in cancerous tissue; c-Met,: c-Met in whole tissue, including
cancerous and adjacent noncancerous tissue; DCP/c-Met,:
DCP and/or c-Met in whole tissue, including cancerous and
adjacent noncancerous tissue. * p < 0.05.

The current study determined the expression of DCP
and c-Met in human HCC samples and investigated
their clinical value in predicting tumor recurrence.
Results revealed that DCP and c-Met were expressed
in HCC tissues in 63.4% and 66.7% of patients but
were only observed in adjacent nontumorous tissues in
13.1% and 28.8% of patients, respectively. In addition
to their extensive presence in HCC tissues, DCP and
c-Met were usually concurrently expressed. This form
of expression of DCP and c-Met was found to be
related to tumor recurrence. Absence of DCP and c-Met
in HCC and adjacent nontumorous tissues indicated a
low risk of HCC recurrence. These results suggest that
abnormal expression of DCP and c-Met in the liver
tissues of patients with HCC are associated with tumor
behavior.

DCP is an abnormal prothrombin that lacks the
ability to interact with other coagulation factors (23,24).
Its production was found to be related to decreased
activity of y-glutamyl carboxylase in hepatic cells,
abnormal vitamin K metabolism, and overexpression
of prothrombin precursor in hepatic cells (25-27).
Currently, serous DCP is used as a diagnostic marker
for HCC in Japan, South Korea, and Indonesia (28-
30). Recent molecular biological studies of DCP have
revealed the usefulness of this molecule as a diagnostic
marker as well as its significant role in cancer
progression. DCP has two kringle domains similar to
those in HGF and both are considered necessary for
HGF to bind with c-Met (37). Research has proven that
DCP can bind with the surface receptor c-Met and result
in c-Met phosphorylation (3/). The current authors
previously found that DCP can activate c-Met and
induce matrix metalloproteinase activity in HCC cells,
thus promoting the migration and invasion of HCC cells
in vitro (32). The possible interaction between DCP
and c-Met in human HCC was evident in the results
of the present study, i.e. they existed extensively and
concurrently in HCC tissues. Thus, DCP may trigger
the c-Met signal transduction pathway, promoting HCC
cells invasion and metastasis that always lead to tumor
recurrence. This speculation may explain why absence
of DCP and c-Met in HCC signifies a low risk of tumor
recurrence as was noted in the present study.

In conclusion, this study provided evidence that
DCP and c-Met usually coexist in HCC and their
absence was associated with a low risk of tumor
recurrence. Further studies are still needed to clarify
their relationship to clinicopathological features of
HCC and the prognosis for patients with HCC.
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Summary

Staphylococci involve infections in association with a number of bacterial virulence
factors. Extracellular enzymes play an important role in staphylococcal pathogenesis.
In addition, biofilm is known to be associated with their virulence. In this study, 149
staphylococcal isolates from acne lesions were investigated for their virulence factors
including lipase, protease, and biofilm formation. Coagulase-negative staphylococci were
demonstrated to present lipase and protease activities more often than coagulase-positive
staphylococci. A microtiter plate method (quantitative method) and a Congo red agar
method (qualitative method) were comparatively employed to assess biofilm formation.
In addition, biofilm forming ability was commonly detected in a coagulase-negative group
(97.7%, microtiter plate method and 84.7%, Congo red agar method) more frequently
than in coagulase-positive organisms (68.8%, microtiter plate method and 62.5%, Congo
red agar method). This study clearly confirms an important role for biofilm in coagulase-
negative staphylococci which is of serious concern as a considerable infectious agent in
patients with acnes and implanted medical devices. The Congo red agar method proved
to be an easy method to quickly detect biofilm producers. Sensitivity of the Congo red
agar method was 85.54% and 68.18% and accuracy was 84.7% and 62.5% in coagulase-
negative and coagulase-positive staphylococci, respectively, while specificity was 50%
in both groups. The results clearly demonstrated that a higher percentage of coagulase-
negative staphylococci isolated from acne lesions exhibited lipase and protease activities, as
well as biofilm formation, than coagulase-positive staphylococci.

Keywords: Biofilm, lipase, protease, staphylococci, acne

1. Introduction

Staphylococcus has been considered to be a major
public health issue because it can cause both health-
associated and community-associated infections,
with considerable morbidity and even mortality. The
infections are either minor such as infections of skin
and soft tissues or more serious systemic infections
including endocarditis, osteomyelitis, and septic shock
syndrome (/). Staphylococcal infections are caused
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Dr. Supayang PiyawanVoravuthikunchai, Natural Products
Research Center and Department of Microbiology,
Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla 90112, Thailand.

E-mail: supayang.v@psu.ac.th

mainly by strains that have already colonized parts
of the human body, making the colonized persons a
reservoir for the spread of the organisms (2).

The organisms are one of the microorganisms
commonly isolated from acne lesions (3). The skin
environment contains lipids, polysaccharides, proteins,
and a variety of mixed polymers. The skin microbiota
produces a range of extracellular enzymes that degrade
these polymers. Proteolytic, lipolytic, and esterolytic
activities are frequently detected among various exo-
enzymatic activities of staphylococci (4,5). The presence
of oleic acid released from the hydrolysis of serum
lipids by staphylococcal lipase could be pathologically
important (6). On the other hand, protease is thought to
be involved in host tissue invasion (7). This enzyme can
interact with the host defense mechanisms and tissue
components (8).

Additionally, the ability to form biofilm is one
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of the known staphylococcal virulence factors. The
formation of biofilm involves two stages: (i) initial
adhesion of bacterial cells to the host cell surface
and (if) the formation of a multilayered cell cluster
surrounded by an extracellular polysaccharide matrix
(9). The production of the exopolysaccharide matrix
has been suggested to prevent the access of antibiotics
to the bacterial cells embedded in the community (10).
Treatment of staphylococcal infections is becoming
difficult due to increased antibiotic resistance. Many
reports indicated that antibiotic resistance in biofilm
forming cells increased when compared to that in the
planktonic growth phase (//-13). Consequently, there
is a need to identify virulent strains by detecting their
ability to produce biofilm. Detection of staphylococcal
virulence factors may be a necessary step for prevention,
control, and treatment of the infections. This may lead
to more effective infection control practices, decreasing
colonization, and development of vaccines and new
or improved antimicrobial agents (7). Data on clinical
isolates from various infection sites such as atopic
dermatitis, conjunctiva, blood and infected devices have
documented staphylococcal virulence factors including
lipase, protease, and biofilm (/4-76). In contrast, there
has been limited information on virulence factors of
staphylococci isolated from acne lesions.

In this study, a large collection of staphylococcal
isolates from acne lesions was investigated for their
enzyme activities including lipase and protease. In
addition, biofilm formation, another important virulence
factor, was assessed using a qualitative Congo red agar
method, compared to a quantitative microtiter plate
method used as the standard method.

2. Materials and Methods
2.1. Bacterial isolates

A total of 149 staphylococcal isolates from acne
lesions were characterized according to Bergey's
Manual of Systematic Bacteriology (/7) including
their characteristic macroscopic colony appearance,
Gram-staining, production of acid from mannitol salt
agar (Merck, Darmstadt, Germany), catalase activity
and coagulase tests. They were further classified as
85 isolates of coagulase-negative and 64 isolates
of coagulase-positive staphylococci. All cultures
were maintained on tryticase soy broth (TSB, Difco,
Becton Dickinson, Sparks, MD, USA) containing 20%
glycerol (Vidhyasom, Bangkok, Thailand) at —80°C.
Staphylococcus aureus (S. aureus) ATCC 25923 was
included as a reference strain.

2.2. Screening for lipase activity

Nutrient Agar (NA, Difco) containing 1% tributyrin
(Fluka, Buchs, Germany) was used to study lipolytic

activity. The isolates were subcultured on tryticase soy
agar (TSA, Difco) and incubated at 37°C for 24 h. They
were inoculated on tributyrin agar plates and incubated
at 37°C for 72 h. The presence of clear zones was taken
as an indication of positive lipase activity.

2.3. Screening for protease activity

Nutrient agar supplemented with 2% casein (Sigma,
Steinhelm, Germany) was used to screen for protease
activity. The isolates were subcultured on TSA and
incubated at 37°C for 24 h. They were inoculated on
casein agar plates and incubated at 37°C for 24 h. The
isolates producing opalescent zones around the colony
were identified as protease positive.

2.4. Detection of biofilm formation by the microtiter plate
method

Quantitative assessment of biofilm formation using the
microtiter plate method was carried out according to
the protocol (/8). Briefly, an overnight culture grown
in TSB supplemented with 0.25% glucose (Univar,
Auckland, New Zealand) was adjusted to a McFarland
standard No. 0.5 and diluted 100-fold. One hundred
pL of bacterial suspension was transferred to a 96-well
microtiter plate (Corning, New York, USA), 100 uL
of TSB supplemented with 0.25% glucose was added,
and incubated at 37°C for 24 h. After incubation, the
broth was discarded from each well and washed twice
with phosphate buffered saline to remove non-adherent
cells. After airdrying, the wells were stained with 0.1%
crystal violet (Merck) for 30 min, washed with water,
and air dried before 200 puL of dimethyl sulfoxide
(Merck) was added. The absorbance was measured
at 595 nm with a microtiter plate reader (Bio Tek,
Winooski, USA). All strains were classified into the
following categories: non-adherent, weakly, moderately,
and strongly adherent based on the optical density of
bacterial films (79).

2.5. Detection of biofilm formation by the Congo red agar
method

Qualitative evaluation of biofilm producers using the
Congo red agar method to detect slime production was
performed as previously described (20). The medium is
comprised of brain heart infusion broth (Difco) 37 g/L,
sucrose (Univar) 50 g/L, Congo red (Fluka) 0.8 g/L and
agar (Merck) 10 g/L. Inoculated plates were incubated
at 37°C for 24 h. Slime producing strains presented
black colonies while non producing strains developed
red colonies. The scale of colony color evaluation was
assessed as follows: very black and black colonies were
biofilm producing strains, almost black colonies were
weak biofilm producers while very red to Bordeaux
colonies were considered as non-biofilm producing
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strains (27,22).
2.6. Statistical analysis

Parameters including sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
of the Congo red agar method were determined by the
analysis of a 2 x 2 table. The microtiter plate method
was used as the standard method.

3. Results and Discussion

Lipase and protease enzymes have been demonstrated
in staphylococci associated with infection. About
17% of coagulase-negative staphylococci isolated
from infectious processes of newborns revealed lipase
activity (22). Other workers reported 97% of S. aureus
from the colonized skin of patients with acute-phase
atopic dermatitis exhibited protease activity (/4). In
this study, 100% of coagulase-negative (85 isolates)
produced lipase enzymes. Of 64 coagulase-positive
staphylococci, only 42 isolates (65.6%) were lipase
positive. Fifty six (65.9%) coagulase-negative and 17
(26.6%) coagulase-positive staphylococci demonstrated
protease activity. S. aureus ATCC 25923, a reference
strain produced both lipase and protease enzymes. In
the present study, coagulase-negative staphylococcal
isolates produced both lipase and protease enzymes
more frequently than the coagulase-positive group. The
percentages of organisms with enzyme activities in our
study focusing on staphylococci isolated from acne
lesions are different from other reports. This may be
due to the ability of staphylococci to produce enzymes
depending on the environment and nutrition availability
in different infectious sites. Furthermore, this report
clearly indicated that staphylococci isolated from acne
lesions are more common among lipase producers
than protease producers. Lipolytic enzymes which are
produced by S. epidermidis and possibly S. aureus
could demonstrate that lipase enzymes are important to
the organisms for their colonization and growth within
the lipid-rich environment of the skin (24). The site
of growth of staphylococci within the sebaceous unit
is superficial (25). S. epidermidis which is coagulase-
negative is prevalent in areas with many sebaceous
follicles. The organism produces lipase whose activity
may be involved in its virulence (26).

Production of lipase, a putative virulence
determinant, was reported to be up-regulated in
the biofilm mode of bacterial growth (27). Biofilm
formation could be a characteristic of invasive
staphylococcal isolates. In the analysis of 85 coagulase-
negative staphylococci by the microtiter plate method
(Figure 1A), 97.7% were biofilm formers and only
2.3% were non-biofilm producers. On the other hand,
of 64 coagulase-positive staphylococci isolates,
68.8% exhibited biofilm formation while 31.2% could

not produce biofilm. In the Congo red agar method,
slime production was investigated. Similarly, 84.7%
of coagulase-negative staphylococci were biofilm
producing strains while 62.5% of coagulase-positive
staphylococci were biofilm producers (Figure 1B). S.
aureus ATCC 25923 was considered as a moderate
biofilm former and biofilm producer by the microtiter
plate method and Congo red agar method, respectively.
The results demonstrated that both coagulase-negative
and coagulase-positive staphylococci exhibited biofilm
formation, but with greater frequency in the coagulase-
negative group. Despite their low virulence, coagulase-
negative staphylococci, particularly S. epidermidis,
are well-adapted to adhere to smooth metal and plastic
surfaces of foreign bodies such as vascular catheters,
cardiac devices, and ventricular catheters (28). The
results from other workers showed a high percentage
of up to 90% of S. epidermidis isolated from infections
associated with indwelling medical devices were
biofilm producers. In contrast, a relatively lower
percentage of biofilm producers were present in the
skin, 35.7% and 64.3% were non-biofilm formers and
weak biofilm producers, respectively (29). Similarly,
only 32% from skin and nasal swabs showed biofilm
production while 70% of invasive staphylococcal
strains isolated from blood of patients hospitalized
with peripheral intravenous devices exhibited
biofilm forming ability (22). In contrast, this study
demonstrated that up to 85% of staphylococci isolated
from acne lesions were biofilm producers.
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Figure 1. Quantitative screening of biofilm formation by
microtiter plate method (A) and qualitative screening of
slime production by Congo red agar method (B) from
coagulase-negative staphylococci (m) and coagulase-
positive staphylococci (O).
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Table 1. Comparison of biofilm production of coagulase-negative staphylococci (# = 85) and coagulase-positive
staphylococci (n = 64) by the microtiter plate method and Congo red agar method

Coagulase-negative staphylococci (n = 85)

Coagulase-positive staphylococci (n = 64)

Microtiter plate Microtiter plate
Total Total
Positive  Negative Positive  Negative
Congo red agar Congo red agar
Positive 71 1 72 Positive 30 10 40
Negative 12 1 13 Negative 14 10 24
Total 83 2 85 Total 44 20 64

Table 2. Statistical evaluation of Congo red agar method for detection of biofilm formation in staphylococci using the

microtiter plate method as the standard method

Test characteristics (%)

Staphylococci

Sensitivity Specificity ~ Positive predictive value ~ Negative predictive value ~ Accuracy
Coagulase-negative (n = 85) 85.54 50.00 98.61 7.69 84.70
Coagulase-positive (n = 64) 68.18 50.00 75.00 41.66 62.50

The microtiter plate method was used as the
standard method to evaluate the Congo red agar
method. Sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy were
calculated by analysis of a 2 x 2 table (Table 1).
Sensitivities of the Congo red agar method were 85.54%
and 68.18% for coagulase-negative and coagulase-
positive staphylococci, respectively. Specificity of both
staphylococci was 50% while accuracies were 84.70%
and 62.50% for coagulase-negative and coagulase-
positive staphylococci, respectively (Table 2). A
positive predictive value was 98.61% for coagulase-
negative staphylococci while the value for coagulase-
positive staphylococci was 75%. On the other hand,
negative predictive values were 7.69% and 41.66%
for coagulase-negative and coagulase-positive
staphylococci, respectively.

As sensitivity and accuracy in coagulase-negative
staphylococci are much higher than those in the
coagulase-positive group, it is suggested that the Congo
red agar method is more suitable for the detection of
coagulase-negative staphylococci which are capable
of producing biofilm more readily than coagulase-
positive organisms. This method is easy to perform
and takes less time while the microtiter plate method is
somewhat more sophisticated. However, the microtiter
plate method is a quantitative tool for biofilm detection
and can be used as a reliable technique since it can
detect the process of biofilm formation, attachment
to the surface or secreted extracellular polysaccharide
production, while the Congo red agar method can
only detect slime production which suggests biofilm
formation. Additionally, the quantitative microtiter plate
method is more efficient to categorize biofilm formation
than the Congo red agar method which depends on
chromatic evaluation. The variation from black to red

colony color can sometimes result in a difficult decision
for investigators.

In conclusion, our results indicate that coagulase-
negative staphylococci isolated from acne lesions were
demonstrated to present lipase and protease activities as
well as biofilm formation more often than coagulase-
positive staphylococci.
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Summary

Low utilization of antenatal care (ANC) by pregnant women, particularly in rural
areas, is an obstacle to ensuring safe motherhood in Bangladesh. Currently, Micro
Health Insurance (MHI) is being considered in many developing countries as a potential
method for assuring greater access to health care, especially for the poor. So far, there is
only limited evidence evaluating MHI schemes. This study assesses the impact of MHI
administered by Gonoshasthaya Kendra (GK) on ANC utilization by poor women in rural
Bangladesh. We conducted a questionnaire survey and collected 321 valid responses from
women enrolled in GK's MHI scheme and 271 from women not enrolled in any health
insurance plan. We used a two-part model in which dependent variables were whether or
not women utilized ANC and the number of times ANC was used. The model consisted
of logistic regression analysis and ordinary least squares regression analysis. The main
independent variables were dummies for socioeconomic classes according to GK, each of
which represented the premiums and co-payments charged by class. The results showed
that destitute, ultra-poor, and poor women enrolled in MHI used ANC significantly more
than women not enrolled in health insurance. Women enrolled in MHI, except for those
who were destitute or ultra-poor, utilized ANC significantly more times than women not
enrolled in health insurance. We assume that GK's sliding premium and co-payment scales
are key to ANC utilization by women. Expanding the MHI scheme may enhance ANC
utilization among poor women in rural Bangladesh.

Keywords: Antenatal care, Micro Health Insurance (MHI), Gonoshasthaya Kendra (GK), poor
women, rural Bangladesh

1. Introduction

Antenatal care (ANC) is an important prerequisite
for ensuring safe motherhood. ANC demands that
pregnant women deliver under the care of skilled
birth attendants (/), and its absence is a vital factor in
maternal death (2,3). It is effective in detecting and
preventing many health problems that women suffer
and reduces their vulnerability. Thus, health education
and awareness achieved through ANC enables
pregnant women to identify the symptoms of maternal
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complications and prepares them to seek proper health
services in emergencies, thus helping to save the lives
of mothers (4).

Even though some progress has been made in
maternal health over the past decade through national
and global efforts aimed at reaching Millennium
Development Goal 5, the number of pregnant women
receiving ANC in Bangladesh remains alarmingly low.
Impoverished socio-economic conditions interact with
cultural and geographical barriers to cause low use
of ANC, particularly in rural areas. Moreover, a very
inequitable distribution of health facilities and a dearth
of medical professionals in rural areas undermine
demand for maternal care among pregnant women (5, 6).
As a consequence, only 46.4% of pregnant women in
rural areas are likely to receive ANC even once with
a medically trained professional compared to 71.3%
in urban areas, even though the WHO recommends at
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least 4 ANC visits for safe motherhood (7,8).

Of national health expenditures, 71% come from
private sources (9). Thus, out-of-pocket payment
dominates over financed health care in Bangladesh. In
theory, there is universal coverage through user fees at
public health facilities, but since the government spends
only US$3 per capita on health, the health care delivery
system cannot offer health services to everyone (US$1
= 74 taka) (9). The fee for an outpatient consultation,
including ANC, at a rural public health facility is free
or 3 taka, depending on the type of facility. Quite
frequently, however, unofficial fees, mainly in the form
of bribes charged at public facilities, raise the cost so
much that poor people often cannot afford care as they
are not covered by any type of health insurance or other
financial protection (/0,11). The Household Income and
Expenditure Survey 2005 showed that unofficial fees
raised the average outpatient consultation fee, including
ANC, to 44 taka at public health facilities. Such
additional costs further interfere with poor women's use
of public health facilities (/2). Thus, poor women, and
particularly those in rural areas, remain excluded from
existing public health service arrangements.

Maternal mortality is extremely prevalent among the
lower economic group and in rural areas (/3). Eighty
percent of the total population resides in rural areas and
43.8% of the rural population lives under the poverty
line (/4). Maternal improvements will not materialize
unless these large, neglected segments are addressed
properly by health care intervention. In this context,
there is a need to focus on certain pro-poor strategies in
rural settings to ensure that poor women have access to
maternal care services.

Recently, Micro Health Insurance (MHI) has
appeared in many developing countries as a useful
tool for making extra financial resources available
and elevating demand for health services (/5). MHI
is a social protection program implemented by a
community-based organization, rather than government
or a private for-profit company, that provides risk-
pooling through low pricing and affordable premiums
to cover the costs of essential health care services,
to a certain extent, for poor people who are unable
to afford formal health insurance (/6). It offers more
reliable premiums and co-payments than regular health
insurance but is limited to defined health risks. Unlike
commercial health insurance, MHIs are voluntary and
non-profit in nature.

MHIs are usually designed to be simple, charging
flat premiums and providing one-size benefit packages,
although some offer sliding premium scales, renewal
fees, consultations, and drug co-payments to make
them more accessible to the poorest groups. MHI
mobilizes extra resources in the community but cannot
cover total health costs. Previous studies have shown
that enrollment in MHI was associated with higher
utilization of modern health care and protected the

poor from financial risk (/7-79). However, in some
MHI schemes, sufficiently rich groups may remain
absent when pooling required resources. Thus, many
MHIs receive financial support from donors, central
and local governments, international non-governmental
organization (NGOs), micro finance institutes, trade
unions, or cooperatives. These external subsidies help
sustain these voluntary organizations in the face of low
revenue generation and adverse selection (/6).

Such schemes have successfully increased maternal
care utilization in West Africa (20). Some MHI schemes
have proven beneficial by including the poorest
people in developing countries (/9,217) but others have
excluded them (22,23). To address whether prepayment
schemes are effective tools, the World Health Report
2000 showed the necessity of investigating their effects
on poor people (24).

MHI is a growing sector in Bangladesh, but is still
a new concept. Several NGOs are launching small-
scale MHI schemes across the country, particularly in
remote areas where conventional health services are
unavailable. These schemes mainly provide primary
health care services to rural people and prioritize
maternal health care services. All of them play the
role of both insurer and service provider and only two
schemes cover any part of hospitalization costs.

At present, there is little published evidence of the
impact of these schemes on maternal care utilization
by individuals in Bangladesh. Previous studies of
these schemes were mainly conceptual and based on
administrative information. The current study focuses
on ANC utilization by pregnant rural women under
an MHI scheme administered by Gonoshasthaya
Kendra (GK), one of the largest health-related NGOs
in Bangladesh. An advantage of GK is that it offers
health service benefits to the poor with premiums and
co-payments on sliding scales. The aim of this study
is to evaluate the effect of enrollment in GK's MHI
on women, and particularly on poorer women, by
examining its ability to enhance ANC utilization in
rural areas. The findings are expected to contribute to
Bangladesh's health policy.

GK is a pioneering health-related NGO in
Bangladesh, established in 1972 in the rural Savar
upazila (sub-district) of the Dhaka district, which is 30
km from the capital city. It started a health insurance
scheme in 1975 to ensure that poor and marginalized
rural people had access to health care services. GK
categorizes members into five socioeconomic groups
by assessing the socio-economic status of households
and provides health services with premiums and co-
payments set on sliding scales to protect poor people.
Of those enrolled in GK's MHI scheme, 65.5% are
destitute, ultra-poor, or poor (25). GK never allows
health care providers to impose any unofficial fees on
its enrollees above regular premiums and co-payments,
effectively protecting them against financial risk. The
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plan provides health services to rural areas via a tertiary
hospital with 150 beds in Savar upazila in the Dhaka
district, 10 health centers, and 31 sub-centers across the
country.

To provide health services at the community level,
GK establishes sub-centers (mini-clinics) in rural areas
of all the upazilas covered by GK activities. Every sub-
center has a normal delivery facility and drug dispensary.
Five to eight paramedics, most of whom are females
trained in primary health care, work in a typical sub-
center. An experienced paramedic heads each sub-center,
a skilled birth attendant and a pathology technician are
stationed there, and a doctor visits twice a week. Other
paramedics provide ANC, immunize mothers, provide
postnatal care, encourage health awareness, and promote
nutritional diets among rural women during home
visits. They are also responsible for recruiting enrollees
in health insurance, organizing medical gatherings
and community meetings, and conducting community
surveys and other related activities in remote areas to
treat pregnant women (Table 1).

2. Materials and Methods
2.1. Data

A questionnaire survey was conducted from October
2010 to February 2011 to collect primary individual
data. At present, GK administers MHI schemes in
at least part of the rural areas of 16 upazilas in 11
districts. Among these, there is extensive coverage in
the rural areas of Dhaka district. For the current study,
two upazilas in Dhaka district and three upazilas in
other districts were selected. The number of subjects
was chosen in light of the population covered by MHI

Table 1. Gonoshasthaya Kendra's Micro Health Insurance

schemes in these areas. Surveyed were 170 subjects
from the rural areas where GK's MHI scheme operates
in the two Dhaka district upazilas and 180 subjects
from the three upazilas in other districts. Data were
collected from GK members utilizing systematic
random sampling. The names and addresses of mothers
enrolled in MHI were collected from existing GK sub-
centers. These names were listed in alphabetical order
and numbered from the top. Women with numbers
that were multiples of 3 (i.e., 3, 6, 9...) were chosen
from the list. The sampling process was repeated if the
subject quota was not filled.

For comparison, other rural areas where GK does
not operate its MHI or health service activities were
chosen from each of the five upazilas noted above (Table
2). Some rural areas where GK operates were saturated
with insured households, so a sufficient number of
subjects not enrolled in health insurance could not be
assembled there. Moreover, GK's MHI scheme had
already been in operation in most of the rural areas in
the two chosen upazilas in Dhaka district. Additional
rural areas where GK's scheme was not in operation
were selected from another upazila in Dhaka district
to allow selection of a sufficient number of subjects
not enrolled in health insurance from the entire Dhaka
district. Subjects were 145 individuals in three Dhaka
district upazilas and 135 individuals in three upazilas
outside Dhaka district. Due to lack of administrative
information on births, the addresses of women with
infants were collected locally. Data were collected
randomly from those rural areas.

Six experienced female interviewers and two field
investigators were recruited to conduct this survey.
An expert familiar with the designed questionnaire
trained these female interviewers to recognize ANC

Key features Characteristics

Area covered
Access status
System providing health service

592 villages in 31 unions of 16 upazilas across 11 districts
Voluntary; Entire household
Tertiary hospital (Dhaka district); Health centers (secondary hospital); Sub-centers (mini-clinics)

at the union level; Home visits by health workers; Referral services to public hospitals

Type of service covered

Curative care; Delivery; Preventive care and family planning

Destitue Ultra-poor Poor Middle-class Rich
Annual premiums (taka/household) 5 10 60 80
Co-payments for MHI members (taka)
Consultation at center 2 5 8 12
Consultation in village Free Free 2 5 8
Medicine Free 75% 100% 100%
Normal delivery at mini clinic/center Free Free 100 400 500
Caesarean delivery 100 200 1,000 3,600 4,800

Midwife services at home for delivery

Ability-to-pay in all classes

Financial mechanism

Revenue generation from premiums and hospital profits; Subsidies from commercial GK projects;
International donations

Gonoshasthaya Kendra's socioeconomic classes are defined as Destitute: Widows or abandoned women. Ultra-poor: Very distressed families,
beggars, and the physically disabled. Poor: Landless farmers, door-to-door vendors, or others who cannot meet basic needs. Middle-class:
Households with 2-3 acres of land and who can meet basic needs. Rich: Households with more than 3 acres of land, owners of big shops, highly

paid professionals, and those who have savings at the end of the year.
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Table 2. Study sites and number of subjects

Enrolled in GK Not enrolled in GK

Upazila (sub-district) District Location from capital city Dhaka
Target Obtained Target Obtained

Kutubdia Cox's Bazaar 350 km southeast 60 59 45 42
Cox's Bazaar Cox's Bazaar 350 km southeast 60 57 45 44
Sreepur Gazipur 65 km northeast 60 58 45 43
Dhamrai Dhaka 35 km northwest 85 71 45 43
Savar Dhaka 30 km northwest 85 76 50 50
Keranigonj Dhaka 20 km southwest - - 50 49
Total 350 321 280 271

utilization based on a specific definition and to apply
that definition equally for all of the sample population.
Women who consulted or participated in any screening
by a health professional regarding their pregnancy,
either at home or in a facility, were counted as having
used ANC. Interviewers were trained to identify ANC
involving the services of a health professional by asking
respondents several questions. A health professional
was defined as a person with formal medical schooling:
a doctor, paramedic, skilled birth attendant, midwife,
or nurse. On this basis, consultation of a GK's health
visitor or a Family Welfare Visitor recruited by the
government was also counted as ANC utilization, but
traditional birth attendants, village doctors, and drug
vendors were not included in this category.

In order to equally survey both literate and illiterate
women, data were collected through direct interviews.
That is, interviewers asked all questionnaire items
and wrote all of their answers on answer sheets. No
respondent filled in the sheet personally. In this study,
women who had not given birth within 1 year were
excluded from analysis. Datasheets with missing
information were excluded, so a total of 321 valid data
sheets were obtained from GK members and 271 from
non-members (Table 2).

The ethical committee of Tokyo Medical and Dental
University and the Bangladesh Medical and Research
Council approved this study.

2.2. Statistical model

The analysis of the data was designed to examine the
effect of enrollment in MHI by comparing the ANC
utilization by women enrolled in MHI and women not
enrolled in health insurance. ANC utilization can be
considered as consisting of two parts: a woman's choice
of whether she utilizes ANC, and how many times she
utilizes it. This approach is similar to that in literature
concerning health service utilization (26,27). Thus, a
two-part model was created (28). The first part of the
model was logistic regression analysis. The dependent
variable was binary and equal to 1 if an individual
woman utilized ANC, 0 if not. The second part was an
ordinary least squares (OLS) regression analysis with
the number of times ANC was used as the dependent

variable.

In addition, this study attempted to identify how
effectively the sliding premiums and co-payments
applied to different socioeconomic classes encouraged
poor groups to use ANC. Thus, dummy variables for
socioeconomic classes according to GK were entered
in the model as the main independent variables. As
mentioned above, socioeconomic classes according
to GK were destitute, ultra-poor, poor, middle-class,
and rich (Table 1). Destitute was, however, combined
with ultra-poor and only four dummy variables were
prepared since there was only one destitute respondent.
The coefficient of the socioeconomic class dummies
was designated a,, with the subscript (n) ranging
from 1 (Destitute and Ultra-poor) to 4 (Rich). The
dummy variable of the specific class n was equal to 1
if an individual woman belonged to the class or was
0 if the woman belonged to another class. Because
socioeconomic classes according to GK were indicated
only for women enrolled in MHI, women not enrolled
in health insurance were not assigned to any class.
All of the latter women were pooled into a reference
category for the socioeconomic classes in the model.

Moreover, annual household income was entered in
the model to exclude its influence on ANC utilization
from the estimates of a,. Cross terms were also entered
in the model. These were the product of enrollment
status and houschold income. Enrollment status
was expressed as an enrollment dummy and a non-
enrollment dummy. The enrollment dummy was equal
to 1 if a woman was enrolled in MHI and 0 otherwise.
The non-enrollment dummy was equal to 1 if a woman
was not enrolled in MHI and 0 otherwise. For ease
of interpretation, the cross term with the enrollment
dummy was entered in the first part of the model, while
the other cross term with the non-enrollment dummy
was entered in the second part. In the first part, the cross
term and the non-cross term corresponded to the annual
household income of women enrolled in MHI and
women not enrolled in health insurance, respectively.
In the second part, conversely, the cross term and the
non-cross term corresponded to the annual household
income of the women not enrolled in health insurance
and those enrolled in MHI, respectively. The effect of
income could thus be separately addressed for women
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enrolled in MHI and women not enrolled in health
insurance. In addition, the median (60,000 taka) annual
household income of all groups was subtracted from the
individual values in the model for ease of interpretation.
The coefficients of annual household income (non-cross
term) and its cross terms with enrollment and non-
enrollment were designated f3,, 3,, and 3, respectively.
Estimates of a, showed the effect of enrollment in
MHI on the utilization of ANC in the first part and the
number of times ANC was used in the second part.
The effect is associated with a specific socioeconomic
class n and is based on the entire pool of respondents
not enrolled in health insurance, excluding the effect
of income and other independent variables. 3, and 3, in
the first part of the model show the effect of household
income among women not enrolled in health insurance
and women enrolled in MHI, respectively; B, and B; in
the second part show the same effect among women
enrolled in MHI and those not enrolled in health
insurance, respectively.

Data on individual, household, and community
level attributes included information on the following
control variables that might influence ANC utilization
(29-32): maternal age (age of woman at last birth), the
woman's educational level, and birth order as individual
variables; religion and occupation of household head
as household variables; and area of residence and
distance from a primary health care provider or facility
as community level variables. Maternal age, birth
order, and distance to a primary health care provider

were input as continuous variables. However, women's
educational level, occupation of the household head,
religion, and area of residence were input as categorical
variables. A woman's educational level was categorized
by final grade she attended school. Women who had
not received a formal education were categorized
as having no education. Grades 1 to 5, grades 6 to
10, and grades 11 and above were designated as the
primary, secondary, and high education, respectively.
The occupations of household heads were farmers, day
laborers, providers of services, businessmen, other, or
unemployed. Religions in the model were limited to
Muslim and Hindu.

The statistical software used in this study was SPSS
version 16. Statistical significance was set at p < 0.05.

3. Results
3.1. Descriptive statistics

The sample population's socio-economic and
demographic characteristics are summarized in Table 3.
The mean maternal age of surveyed women was 24.3
(Standard Deviation (S.D.) = 4.4) years among enrolled
women, which was significantly lower than the 25.2
(S.D. = 4.7) years of among non-enrolled women. The
average annual household income of enrolled women
was 69.8 (S.D. = 43.2) thousand taka and 74.9 (S.D. =
50.8) thousand taka for non-enrolled women. 28.7%
of enrolled women and 28.4% of non-enrolled women

Table 3. Socio-economic and demographic characteristics of the sample population

Variables Enrolled in MHI (n = 321) Not enrolled in health insurance (n = 271)
Continuous variables Mean S.D. Mean S.D.
Maternal age (years)™* 243 4.4 25.2 4.7
Annual household income (1,000 taka) 69.8 432 74.9 50.8
Birth order* 2.3 1.3 2.5 1.1
Distance to a primary health care provider (km) 2.6 1.8 2.7 1.8
Categorical variables Frequency (%) Frequency (%)
Women's educational level
No education 92 (28.7) 77 (28.4)
Primary 90 (28.0) 83 (30.6)
Secondary 117 (36.4) 95 (35.1)
Higher 22 (6.9) 16 (5.9)
Religion
Muslim 232 (72.3) 203 (74.9)
Hindu 89 (27.7) 68 (25.1)
Occupation of household head
Farmer 60 (18.7) 63 (23.2)
Day laborer 95 (29.6) 61 (22.5)
Provider of services 62 (19.3) 56 (20.7)
Businessman 67 (20.9) 57 (21.0)
Other 24 (7.5) 25 9.2)
Unemployed 13 (4.0) 9 (3.3)
Area of residence
Outside Dhaka district 174 (54.2) 129 (47.6)
Dhaka district 147 (45.8) 142 (52.4)

N: number of observations; S.D.: standard deviation. A two-tailed #-test was performed for each case of continuous variables to test for significant
differences (** p < 0.05, * p < 0.10). A lack of significance was determined using a chi-squared test for each categorical variable.
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were without any formal education. On the other hand,
6.9% of enrolled women and 5.9% non-enrolled women
were in the higher educational category. On average
72.3% of enrolled women and 74.9% of non-enrolled
were Muslims and the rest were Hindus. Among
household heads, day laborers (29.6%) dominated in the
enrolled group, and more of the non-enrolled household
heads were farmers (23.2%) than any other occupation.
The average birth orders of women were 2.3 (S.D. = 1.3)
and 2.5 (S.D. = 1.1) among enrolled and non-enrolled
women, respectively. The average distance to a primary
health care provider for enrolled women was 2.6 (S.D.
= 1.8) kilometers, with non-enrolled women averaging
2.7 (S.D. = 1.8) kilometers. In this study, 54.2% of
the enrolled women and 47.6% of non-enrolled were
from outside the Dhaka district and the rest were from
rural areas of Dhaka district. There was no significant
difference in the socio-economic and demographic
characteristics of the two groups except maternal age.
The distribution of ANC utilization among the
enrolled respondents, grouped by GK's social classes,
and the entire non-enrolled group is shown in Table 4.
The ratio of those who utilized ANC among all enrolled
women formed an arc with a peak of 34.3% with 2
visits. On the other hand, the ratio among all non-

enrolled women showed a decreasing trend from 39.5%
with no use to 5.9% with 4 or more visits. The average
number of ANC visits was 2.3 among enrolled women
and 1.1 among non-enrolled women. More precisely,
in enrolled women grouped by social class, the average
number showed an increasing trend of ANC utilization
from 1.2 times with the destitute and ultra poor class
to 3.1 times with the rich class. Moreover, since the
non-enrolled women were not grouped into classes,
the distribution of ANC utilization in both enrolled and
non-enrolled women is shown by household income
quintile instead of GK's social classes in Table 5.
Among both the enrolled and non-enrolled women, the
average numbers showed increasing trends from the
first household income quintile (poorest) to the fifth
(richest). The average number was larger for enrolled
women than non-enrolled women in every quintile.

3.2. Two-part model

The results of the two-part model are presented in Table
6. The main independent variables of interest are the
social class dummies of enrolled women. The results
of the first part show that the odds of choosing ANC
utilization among destitute and ultra poor enrolled

Table 4. Number and percentage of respondents by times ANC was used by subjects enrolled in MHI by socioeconomic

class and for all subjects not enrolled in health insurance

Number of times ANC was used 0 1 2 3 4 or more Total Mean
Enrolled in MHI
Destitute and Ultra-poor 1(6.7) 11(73.3) 2(13.3) 1(6.7) 0(0.0) 15 (100.0) 1.2
Poor 10 (5.3) 38 (20.0) 75 (39.5) 43 (22.6) 24 (12.6) 190 (100.0) 22
Middle-class 11 (13.6) 8(9.9) 27 (33.3) 26 (32.1) 9 (11.1) 81 (100.0) 23
Rich 2(5.7) 4(11.4) 6(17.1) 10 (28.6) 13 (37.1) 35(100.0) 3.1
Total 24 (7.5) 61 (19.0) 110 (34.3) 80 (24.9) 46 (14.3) 321 (100.0) 2.3
Not enrolled in health insurance’ 107 (39.5) 79 (29.2) 51 (18.8) 18 (6.6) 16 (5.9) 271 (100.0) 1.1

* Individuals not enrolled in health insurance were not classified into socioeconomic classes. Annual household income for women enrolled in
MHI by socioeconomic class according to GK was as follows: Destitute and Ultra-poor: 12,000-36,000 taka, Poor: 25,000-80,000 taka, Middle-
class: 60,000-120,000 taka, Rich: 108,000-280,000 taka. Income for women not enrolled in health insurance was 15,000-360,000 taka.

Table 5. Number and percentage of respondents by times ANC was used by subjects enrolled in MHI and subjects not

enrolled in health insurance by household income quintile

Number of times ANC was used 0 1 3 4 or more Total Mean

Enrolled in MHI
1st quintile (poorest) 5(6.0) 26 (31.0) 30 (35.7) 16 (19.0) 7(8.3) 84 (100.0) 2.0
2nd quintile 3(5.3) 14 (24.6) 23 (40.4) 11 (19.3) 6(10.5) 57(100.0) 2.1
3rd quintile 6 (10.7) 8 (14.3) 20 (35.7) 13 (23.2) 9(16.1) 56 (100.0) 2.3
4th quintile 6 (10.3) 3(5.2) 22 (37.9) 21 (36.2) 6 (10.3) 58(100.0) 2.4
5th quintile (richest) 4(6.1) 10 (15.2) 15 (22.7) 19 (28.8) 18 (27.3) 66 (100.0) 2.8
Total 24 (7.5) 61 (19.0) 110 (34.3) 80 (24.9) 46 (14.3) 321 (100.0) 2.3

Not enrolled in health insurance
Ist quintile (poorest) 33 (61.1) 15 (27.8) 5(9.3) 1(1.9) 0(0.0) 54 (100.0) 0.5
2nd quintile 26 (53.1) 16 (32.7) 6(12.2) 1(2.0) 0(0.0) 49 (100.0) 0.6
3rd quintile 19 (32.2) 27 (45.8) 10 (16.9) 3(5.1) 0(0.0) 59 (100.0) 0.9
4th quintile 18 (32.7) 15 (27.3) 13 (23.6) 6 (10.9) 3(5.5) 55 (100.0) 13
5th quintile (richest) 11 (20.4) 6 (11.1) 17 (31.5) 7(13.0) 13 (24.1) 54 (100.0) 22
Total 107 (39.5) 79 (29.2) 51(18.8) 18 (6.6) 16 (5.9) 271 (100.0) 1.1

Annual household income quintiles were as follows: Ist quintile: 12,000-36,000 taka, 2nd quintile: 40,000-50,000 taka, 3rd quintile: 54,000-

70,000 taka, 4th quintile: 72,000-95,000 taka, Sth quintile: 96,000-360,000 taka.
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women was a significant 70.9 times more than among
the overall group of non-enrolled women, controlling
for household income and other independent variables.
Similarly, the odds among the poor class of enrolled
women were also a significant 29.6 times higher. These
results point to enrollment in MHI as being effective
in women's choosing ANC utilization for certain poor
groups, corresponding to GK's destitute, ultra poor,
and poor social classes. On the other hand, the results
of the second part show that the number of ANC
visits undergone by poor, middle, and rich classes of
enrolled women was significantly larger by 0.98, 0.87,
and 0.81 visits, respectively, than among whole non-
enrolled women. It is possible that enrollment in MHI
is effective in increasing the number of ANC visits,
except for those in the destitute and ultra poor classes.

Moreover, the first part of the model showed that
household income was positively associated with the
odds of choosing ANC utilization, and the second
showed it to be positively associated with a higher
number of ANC visits. These results indicate that with
an increase in household income of 1,000 taka, non-
enrolled women were 1.01 times more likely to choose
ANC utilization at an income level of 60,000 taka, and
enrolled women underwent an additional incremental
0.007 visits. Furthermore, the cross term of enrollment
status and household income tended to show larger
effects than the non-cross term but was not significant
in either the first part or the second part. Income effects
are always pro-rich in both choice of ANC and the
number of visits undergone among both enrolled and
non-enrolled women.

The educational level of women was also significant
in the first part of the model. Those attaining higher
educations had 12.6 times higher odds, and those
with secondary educations had 2.2 times higher odds
associated with choosing ANC utilization than those
with no formal education. The odds of choosing ANC
utilization, however, were significantly lower (0.79
times) for an increase of one rank of birth order. In
addition, as the results of the second part, the number of
ANC use occurrences was significantly lower (by 0.068
visits) for a 1-kilometer increase in distance from their
residence to a primary health care provider. Those who
were residents of Dhaka district also underwent a larger
number (by 0.26 visits) of ANC occasions than those
who lived outside the Dhaka district.

4. Discussion

The results of the two-part model showed that higher
household income affected both the utilization of
ANC and the number of times ANC was used. This
is not surprising. The magnitude of the income effect
did not differ for women enrolled in MHI and women
not enrolled in health insurance because enrollment
status was adjusted with socioeconomic class dummies

for women enrolled in MHI in the model. However,
the odds ratios for the "destitute and ultra-poor" and
"poor" dummy variables were significantly greater than
1 in the first part and the coefficients for the "poor",
"middle-class", and "rich" dummies were significantly
positive in the second part (Table 6). These results
suggest that GK's MHI plan could increase women's
use of ANC among the destitute, ultra-poor, and poor
and the number of ANC visits by all socioeconomic
classes except the destitute and ultra-poor. A previous
study also showed that MHI schemes contributed
substantially towards increasing ANC utilization among
women enrolled in MHI (/8). However, that study did
not address the benefits of those schemes for specific
socio-economic groups. The ability to encourage ANC
utilization by destitute, ultra-poor, and poor women
makes GK's MHI plan an advantageous initiative for
poor rural women although the plan does not seem to
have the effect of increasing the number of ANC visits
among the destitute and ultra-poor.

The increase in use of ANC can be attributed to
the design of the plan. GK's health insurance program
uses sliding premium and co-payment scales based
on socioeconomic class. GK offers membership to
destitute, ultra-poor, and poor households with much
lower premiums and exempts the destitute and ultra-
poor from payment for some heath services (Table 1). In
fact, even the destitute and ultra-poor tend to use ANC
more than women not enrolled in health insurance,
although specific classes of women enrolled in MHI and
corresponding classes of women not enrolled in health
insurance cannot be compared (Table 4).

Another indicator, household income quintile,
that served as a proxy for socioeconomic classes
according to GK also indicated that the percentage of
those who utilized ANC one or more times was higher
among women enrolled in MHI than among those not
enrolled in GK in every quintile (Table 5). This implies
that sliding premiums and co-payments favorable
to the destitute, ultra-poor, and poor are effective
in persuading them to use ANC, although attention
should be paid to the incomplete correlation of income
quintile with socioeconomic classes according to GK.
Moreover, the odds ratios of socioeconomic class
dummies increased substantially from the middle-class
to poor and further from poor to destitute and ultra-
poor (Table 6). Indeed, there are large discontinuous
decreases in the amount of annual premiums and some
co-payments from the middle-class to poor and from the
poor to ultra-poor (Table 1). Policymakers have argued
that sliding premiums and co-payments are key to
including people excluded from community society in
health service provision, while MHI schemes with flat
premiums and coverage have been criticized for their
tendency to exclude the poor (16,22,32). A previous
study noted that women enrolled in MHI might begin
using the formal health care system through an MHI
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Table 6. Factors affecting antenatal care (ANC) utilization

. Logistic regression” OLS"
Independent variables
Odds ratio p value Coefficient p value

Constant 0.874 0.902 1.060 0.083
Socioeconomic class (Reference: Not enrolled in health insurance)

Destitute and ultra-poor [a,] 70.859 0.001 0.056 0.904

Poor [a,] 29.605 0.000 0.976 0.002

Middle-class [oy] 1.746 0.296 0.865 0.001

Rich [a,] 0.675 0.763 0.805 0.045
Annual household income (1,000 taka) [f,] 1.013 0.003 0.007 0.015
Enrollment in MHI: Household income (1,000 taka) [$,] 1.026 0.143 - -
No enrollment in health insurance: Household income (1,000 taka) [pB;] - - 0.004 0.268
Maternal age (years) 1.007 0.803 0.003 0.810
Birth order 0.789 0.023 0.000 0.999
Distance to primary health care provider (km) 0.889 0.074 —-0.068 0.019
Women's educational level (Reference: No education)

Higher 12.648 0.018 0.468 0.065

Secondary 2.247 0.006 0.172 0.246

Primary 1.561 0.126 0.060 0.704
Religion (Reference: Muslim)

Hindu 0.958 0.875 0.038 0.725
Occupation of household head (Reference: Unemployed)

Farmer 1.910 0.339 -0.074 0.807

Day laborer 1.353 0.645 —-0.030 0.918

Provider of services 1.749 0.410 0.166 0.577

Businessman 2.072 0.286 0.104 0.702

Others 1.983 0.356 0.088 0.786
Area of residence (Reference: Outside Dhaka district )

Dhaka district 1.162 0.150 0.263 0.012
Number of observations 592 461
R 0.241 (Cox & Snell)

0.370 (Nagelkerke) 0.282

OLS: Ordinary least squares. * Dependent variable: ANC utilization (any utilization = 1, no utilization = 0). ® Dependent variable: Number of

times ANC was used. Greek letters in square brackets represent the coefficients of the main independent variables in the model.

plan by using non-maternal health services, which
also might result in them seeking maternal health care
services for the first time (20).

As noted earlier, enrollment in MHI is effective in
increasing the number of ANC visits among all classes
except the destitute and ultra-poor. The coefficients
of the "poor", "middle-class", and "rich" dummies
in the second part of the analysis are significant and
decreasing in that order (Table 6). This implies that
lower premiums and co-payments prompt women
in these three classes to undergo more ANC visits.
However, the smallest premiums and co-payments, for
the destitute and ultra-poor, do not increase the number
of times they use ANC. Approximately three-fourths
of this class utilized ANC only once while an equal
proportion of the other classes did so twice or more
(Table 4). That said, a similar proportion of women
enrolled in MHI utilized ANC twice (35.7%) as did
those who used it once (31.0%) among the first income
quintile (Table 5). This suggests that low income may
not be the sole factor in a greater number of ANC visits.
Other factors may be involved. A study showed that
restriction of a woman's mobility during pregnancy
is prevalent among the ultra-poor due to deep-rooted
cultural beliefs and that they may also be uncomfortable

receiving health services due to misconduct and
negligence by health professionals. Eventually, the
study found that they believe that ANC would not
benefit them except to confirm pregnancy (34). Such
cultural beliefs and norms may override the beneficial
economic effects from any social protection program
and restrain poorer women from utilizing ANC more
than once.

In addition to sliding premiums and co-payments
in GK's MHI plan, there may be other factors that
influence ANC utilization. First, GK's health workers
provide home health care and health education in the
areas they service. This type of service may bring
about a change in health care-seeking behavior among
women enrolled in MHI. Actually, the demand for
ANC is very low among rural women as they have
limited awareness of its importance in achieving safe
motherhood (7). In this context, health workers' ability
to increase awareness may influence women's health
beliefs and lead them to receive the ANC offered by
GK paramedics at home or at health facilities. In fact,
having a higher or secondary level education was
associated with utilization of ANC, which agrees with
previous studies (35,36). This can be explained by the
fact that education develops women's understanding
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of better health practices and empowers them to make
their own decisions. Thus, a woman's educational level
and GK's health education may combine to encourage
women to use ANC to improve their health.

In addition, the government of Bangladesh has
recruited Family Welfare Visitors to visit door-to-
door and provide health education regarding maternal
health, but there are not enough of them to cover the
whole country (6). Moreover, they are not accountable
for their activities. GK's health workers, however, are
accountable to the representatives of the community for
any maternal or child deaths, including family members
of victims, at "Death Meetings" — special meetings
arranged by GK. Moreover, local GK management is
obliged to investigate the cause of death in the field and
submit a death report to a higher authority within 72
h. Such accountability may cause GK health workers
to encourage rural women to seek maternal services,
including ANC (3).

Another facet of GK's scheme is that it offers
community participation in health service delivery
through a village health committee consisting of
representatives from different sectors. The committee
is headed by an clected female member of the local
government (3). Moreover, GK, with the involvement
of the village health committee, conducts need
assessment surveys and arranges community meetings
among rural households. These activities help build
trust and confidence in GK among rural women.
Further, such civic engagement and reciprocal linkages
ultimately form social capital among GK members.
There is an association between social capital and the
use of health services, as previous studies have revealed
(16,37). Hence, such community cohesiveness might
also induce rural women to seek ANC. However, which
step this factor influences, utilizing ANC or more
frequent ANC visits, cannot be addressed with the
variables available in this study.

The current results indicate that women who reside
in the rural areas of Dhaka district visited ANC more
often than did their counterparts (Table 6). The rural
areas of Dhaka district have the benefit of being linked
to the capital city. Doctors from the City of Dhaka
frequently visit and provide health care in those rural
areas. In addition, there are different private and NGO
hospitals and clinics, including those run by GK, with
better technical equipment, pathology instruments, and
facilities than in other areas. Thus, residents of those
rural areas have access to better quality treatment. As
previous studies have noted, increased quality of care
leads to greater patient satisfaction (38,39), so better
quality may prompt residents to increase their ANC
utilization by increasing their overall satisfaction. Due
to increased numbers of health campaigns sponsored by
different organizations, better access to mass media may
have also influenced women to use ANC more often (37).
There is also a link between the number of ANC visits

and the distance from a woman's residence to a primary
health care provider (Table 6). This result implies that
poor communications and transportation systems in
rural areas and transport costs are important obstacles to
women wishing to visit ANC more often (3).

However, access to health care facilities should
be available within each treatment area or control
area, whether covered by GK's activities or not, and
is equivalent to enrollment status in this study. It is
unlikely that the basic health service facilities provided
by GK improve overall accessibility to health care
since the average distance to a primary health care
provider does not differ significantly for treatment
and control areas (Table 3). In fact, even in control
areas outside the Dhaka district there are many health
care facilities on which women can depend for health
services. These include a single upazila health complex
(secondary level public health facility), a union (sub-
upazila) level health center (public), a family welfare
center (public), a community clinic (public), other
NGO clinics (except in Kutubdia upazila), and a few
private health professionals. In control areas within the
Dhaka district, there are even more facilities. There are
a few private clinics, several NGO clinics, and a higher
number of private practitioners, along with public
facilities. Although the health care delivery structure is
supplemented by GK's sub-centers in treatment areas
in districts both inside and outside Dhaka, access to
facilities has not improved considerably compared
to the existing structure in the control area. Rather,
the MHI itself appears to be effective in increasing
women's utilization of ANC.

Significantly, women who had borne fewer children
(who had a lower birth order) visited ANC at least once.
Presumably women are more concerned about their
early pregnancies and visit ANC at least once.

The present study showed that 7.5% of women
enrolled in MHI did not receive any ANC, and the MHI
plan was not effective in increasing the number of ANC
visits undergone by destitute and ultra-poor women.
The reasons for these problems should be addressed to
improve this situation. The impact of MHI schemes on
other maternal indicators should also be investigated
to justify their potential to ensure safe and healthy
maternity. Nevertheless, GK's MHI scheme can be
seen as an effective tool in enhancing ANC utilization
among rural pregnant women. This study implies
that successful implementation of MHI schemes by
other NGOs or organizations can complement the
government's policy to extend access to ANC to some
extent to the poor women of rural Bangladesh.

However, there are several limitations to the
findings of this study. First, sliding premium and co-
payment scales are decided in accordance with the
socioeconomic classes defined by GK, and these
classes were not applied to women not enrolled in
health insurance. Women enrolled in MHI cannot be
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specifically compared with the corresponding classes
of women not enrolled in health insurance to determine
the effect of the sliding scales. In other words,
inferences are made but definitive proof is lacking.
Second, analysis with limited cross-sectional data
can only show the static state, not dynamic changes.
Also, no statistical test can be conducted to directly
examine the effect of MHI in reducing the disparity of
ANC utilization by socioeconomic class due to a lack
of time-series information. Third, self-reporting by
respondents may carry some bias. Fourth, women who
gave birth within the past year were selected as sample
subjects. Thus, a few women who utilized ANC earlier
might not report the exact number (over- or under-
reporting) of ANC visits due to recall bias. If the over
and underreporting biases balance each other out, the
regression analysis estimates should be free of bias. If
the biases are unequal, the regressions may be biased.
Fifth, though ANC utilization and more frequent ANC
visits are assumed to bring about better antenatal
outcomes, the quality of ANC has not been taken into
account in this study. Further study should focus on the
components and quality of ANC under MHI schemes.

In conclusion, this study pointed to GK's MHI
scheme in Bangladesh as encouraging poor rural
women to use ANC. The scheme encourages all
women, except for the poorest, enrolled in MHI to
use ANC more frequently. Sliding premium and co-
payment scales are seen as one of the key features of
this scheme. MHI schemes are expected to be part of
the solution to ensuring safe motherhood.
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Summary

There is little evidence of socioeconomic differences in dietary intake in the Japanese
population. This study examined the association between household expenditures and
dietary intake using nationally representative surveys of Japan. We analyzed data from
the Comprehensive Survey of Living Conditions and National Health and Nutrition
Survey, 2003-2007. For subjects ages 18 to 74 years (11,240 men and 11,472 women), the
sex-specific association between household expenditure quartiles and selected nutrient
intake was examined using comparison of means and prevalence of a healthy intake.
Higher household expenditures were associated with an increase in the mean levels of
total energy, fat, protein, carbohydrates, calcium, vitamins A and C, niacin, and fiber
for both men and women and salt for men. Prevalence comparison indicated that most
of the recommendations for dietary intake were met for people with higher household
expenditures than for those with lower household expenditures. There was no clear
association between fat intake and expenditures. Higher household expenditures were
associated with a healthy and balanced nutrient intake in Japanese adults. The findings
suggest that socioeconomic differences in dietary patterns contribute to socioeconomic
inequalities in mortality and morbidity in Japan.

Keywords: Health inequalities, socioeconomic factors, household expenditures, nutrient intake,

diet quality

1. Introduction

Socioeconomic differences in health are currently a
great concern in the field of public health and health
policies. Health is determined by a wide range of
individual socioeconomic circumstances and social
environments that are termed social determinants
of health (7). Social epidemiology is the branch of
epidemiology that seeks to ascertain health inequalities
and social determinants of health (2). Like in Western
countries, prior studies in Japan found that disparities
in mortality, morbidity, self-rated health, psychological
distress, health behaviors, and other aspects were
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explained by socioeconomic status such as educational
attainment, income, and occupational status (3).

The pathways from socioeconomic status to poor
health are complicated. One of the important pathways
is related to health behaviors including dietary
patterns and nutrient intake (/). People of a lower
socioeconomic status in terms of education, income,
occupational status, efc. have been found to have a
poor quality diet (4-7). An unhealthy dietary intake
pattern results in increased risk factors particularly for
cardiovascular disease, including obesity, diabetes, and
dyslipidemia (8,9).

Several studies in Japanese populations have
examined socioeconomic differences in health,
and differences in mortality, morbidity, and health
risks were noted (3). However, the socioeconomic
differences were moderate compared with those
in other countries, and the association between
socioeconomic status and major diseases and risks was
not entirely consistent (/0-14). In particular, there are
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limited findings relating to socioeconomic differences
in dietary intake by the Japanese population. In a prior
study of pregnant Japanese women, a healthy dietary
intake was associated with education but not household
income (/5). Another study found that increasing
monetary costs of dietary energy were associated with
both healthy and unhealthy dietary intake patterns (/6).
Since these studies examined specified populations,
nationwide differences in dietary intake need to be
examined.

The present study used nationally representative
surveys to examine the association between household
expenditures as a socioeconomic indicator and the
intake of major nutrients by the Japanese population.

2. Methods
2.1. Data

Two nationally representative surveys conducted by the
Ministry of Health, Labor, and Welfare in Japan were
used: the Comprehensive Survey of Living Conditions
(CSLC) and the National Health and Nutritional Survey
(NHNS), 2003-2007 (17,18).

The CSLC began in 1986 and has been conducted
every three years since, with smaller surveys in-
between. In both types of surveys, the entire land
area of Japan was divided into approximately one
million enumeration districts (EDs). The large surveys
randomly selected around 5,000 EDs while the small
surveys selected 1,000 EDs. Interviewers visited
all households within the selected areas using lists
of households and approached all members of the
household. The questionnaires included basic household
and individual information regarding demographics,
health, illness profiles, lifestyle, monthly household
expenditures, and other items. The survey sample was
about 280,000 households for the large surveys in 2004
and 2007 and about 57,000 households in 2003, 2005,
and 2006. The response rates were about 80%.

The NHNS is an annual nationwide nutrition survey
that began in 1948. Using the EDs of the CSLC, around
300 EDs were randomly selected every year, and all
members of the household | year of age and older were
approached. The survey consisted of an anthropometric
examination including height, weight, and blood
pressure; blood tests; a dietary survey; and health-
related behaviors. The subject sample every year from
2003 to 2007 was around 5,000 households and 15,000
members of those households. The response rates were
almost 60%.

The dietary survey was carried out using a food
weight record method for one day of November,
excluding Sunday and national holidays, in each
household (/7). Trained dietitians visited participants,
and they were asked to weigh and record all foods and
beverages that any of the members of the household

consumed. Dietary records were coded using the
Standard Tables for Food in Japan, 5th edition, and
the intake of nutrients and food groups were tallied
for every household. Nutrient intake per person was
calculated as intake per household simply divided by
the number of members of the household 1 year of age
and over.

Since the NHNS and CSLC utilize the same
sampling units, survey data were linked using the survey
year, regional area, number of households, number of
members of the household, age, and sex. These data were
narrowed to those from subjects from ages 18 to 74 years
with no missing data for relevant variables.

The data from the two surveys were used with
permission of the Ministry of Health, Labor, and
Welfare.

2.2. Outcomes

The following eleven nutrients served to indicate
outcomes; total energy, total fat, carbohydrates, protein,
calcium, vitamins A, B,, and C, niacin, fiber, and salt.
This nutrient intake was estimated by the Ministry of
Health, Labour and Welfare. Total fat and carbohydrates
were represented as % energy, and protein, calcium,
vitamins A, B,, and C, niacin, fiber and salt were
calculated per 1,000 kcal.

The prevalence of a healthy nutrient intake was
determined using the recommended dietary allowance
(RDA) or the tentative dietary goals for preventing
lifestyle-related disease (DG) according to the Dietary
Reference Intakes for Japanese, 2010 (/9). The values
were total fat: 20-30%; carbohydrates: 50-70%; protein:
60 g for men and 50 g for women; calcium: 700 mg for
men and 650 mg for women; vitamin A: 850 pg for men
and 650 pg for women, vitamin B;: 1.4 mg for men and
1.1 mg for women; vitamin C: 100 mg; niacin: 15 mg
for men and 12 mg for women; fiber: 19 mg for men and
12 mg for women; and salt: 9 g for men and 7.5 g for
women. To adjust for total energy intake, the values of
calcium to salt were divided by the mean of total energy
intake by subjects: 2,197 kcal for men and 1,752 kcal for
women. The final cut-offs are shown in Table 1.

2.3. Analysis

Equivalent household expenditures were used as a
socioeconomic measure in this study. Expenditures were
calculated by dividing total household expenditures per
month by the square root of household size according to
a recent method devised by the OECD (20). The study
subjects were then grouped into quartiles according to
expenditures. Quartile lines were 100, 140, and 180
thousand yen per month.

Statistical analysis was conducted separately by sex.
Age-adjusted means of nutrient intake were estimated
and compared by household expenditure quartiles using
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Table 1. Summary of basic characteristics and nutrient intake by study subjects

Variable Men (n = 11,240) Women (n = 11,472)
Age (years, mean =+ standard deviation) 4954155 49.2+155
Marital status (%)
Married 75.6% 69.0%
Single 20.3% 18.4%
Separated 1.6% 7.5%
Divorced 2.5% 5.1%

Nutrient intake (mean + standard deviation)

Total energy (kcal/day) 2,197.4+613.4

1,751.7 +£462.5

Total fat (% energy) 24.0+7.3 259+75
Carbohydrates (% energy) 61.4+82 58.7+8.3
Protein (g/1,000 kcal) 36.6+£7.8 384+79
Calcium (mg/1,000 kcal) 2443 +113.1 302.4 + 140.0
Vitamin A (pg/1,000 kcal) 348.6 +420.1 433.8+437.9
Vitamin B, (mg/1,000 kcal) 0.72 +£2.69 0.87 + 3.68
Vitamin C (mg/1,000 kcal) 53.1+£71.5 77.5 £ 115.1
Niacin (mg/1,000 kcal) 8.25+3.52 832+3.44
Fiber (g/1,000 kcal) 7.07 £2.82 8.57+3.32
Salt (g/1,000 kcal) 5.77+£2.07 6.15+£2.20
Healthy nutrient intake (%)*
Total fat 20-30% energy 26.5% 24.0%
Carbohydrates 50-70% energy 77.5% 77.6%
Protein > 27.3 (m), 28.5 (w) g/1,000 kcal 90.7% 91.5%
Calcium > 319 (m), 371 (w) mg/1,000 kcal 21.9% 25.8%
Vitamin A > 387 (m), 371 (w) pg/1,000 kcal 27.4% 43.2%
Vitamin B, > 0.64 (m), 0.63 (w) mg/1,000 kcal 13.4% 16.5%
Vitamin C >45.5 (m), 57.1 (w) mg/1,000 kcal 40.4% 46.8%
Niacin > 6.8 mg/1,000 kcal 62.2% 63.6%
Fiber > 8.6 (m), 9.7 (w) g/1,000 kcal 24.8% 43.8%
Salt <4.1 g/1,000 kcal 20.2% 15.3%

* (m) for men, (w) for women.

Table 2. Nutrient intake by men according to quartiles of household expenditures: age-adjusted mean + standard error

2nd quartile
(n=2,523)

Ist (lowest) quartile

Nutrient intake (n=2,724)

3rd quartile
(n=2,936)

4th (highest) quartile
(n=3,057)

Total energy (kcal/day) 2,1732+11.8* 2,183.3 +12.2°

2,1942+11.3*

2,233.8+11.1'%°

Total fat (% energy) 232+0.17% 23.8+0.1" 24.0+0.1" 24.7+0.1"%
Carbohydrates (% energy) 62.6+0.2 61.6+0.2" 61.1+0.1"** 60.4+0.1'%°
Protein (g/1,000 kcal) 35.6+0.17% 36.4 02" 372+0.1"7 37.2+0.1"7
Calcium (mg/1,000 kcal) 236.3 +£2.1*° 240.2 +2.2% 247.0+2.0" 252.3+2.0"
Vitamin A (ug/1,000 keal) 319.6 + 8.0 354.5+83' 351.8+7.7" 366.6 £ 7.6'
Vitamin B, (mg/1,000 kcal) 0.65 = 0.05 0.73 +0.05 0.73 £ 0.05 0.74 + 0.05
Vitamin C (mg/1,000 kcal) 494+ 1.4+ 513+1.4" 54.7+1.3' 56.4+1.3"%
Niacin (mg/1,000 kcal) 7.84+0.07>* 8.11+0.07"** 8.48 +0.06" 8.51+0.06"
Fiber (g/1,000 kcal) 6.92 +0.05* 6.98 £ 0.05* 7.13 £0.05" 7.22+0.05"
Salt (g/1,000 kcal) 5.66 + 0.04* 5.77+0.04 5.84 +0.04' 5.79 +0.04'

1,2,3,4

significant (p < 0.05) compared to the 1st, 2nd, 3rd, and 4th quartiles, respectively.

the General Linear Model and the least significant
difference method. The prevalence of a healthy nutrient
intake by household expenditure quartiles was also
compared via the chi-squared test for trends. Then, the
odds ratio (OR) of the prevalence for age, household
expenditure quartiles, and marital status (being married
vs. not being married, including being separated
or divorced) was estimated using multiple logistic
regression analysis. The statistics package SPSS 19 was
used for all statistical analyses.

3. Results

The data for 11,240 men and 11,472 women were

analyzed. Table 1 shows the basic characteristics of age
and marital status. Age and marital status were almost
the same for men and women.

A summary of nutrient intake is also shown in Table
1. The prevalence of a healthy nutrient intake ranged
from 13.4% for vitamin B, to 90.7% for protein in men
and from 15.3% for salt to 91.5% for protein in women.

Table 2 shows the age-adjusted mean and the
standard error (S.E.) of nutrient intake according to
quartiles of household expenditures for men. Intake
of all nutrients except carbohydrates and vitamin
B, trended to increase as household expenditures
increased. A significant decrease in carbohydrates in
accordance with expenditures was noted. There were no
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differences in the intake of vitamin B,.

As shown in Table 3, men and women had similar
results. This was not true for salt intake: the highest (4th)
quartile had a significantly lower salt intake than other
quartiles.

Table 4 shows the prevalence of a healthy nutrient
intake and the odds ratio (OR) for men. Significant

gradients of increased prevalence with an increase in
household expenditures were noted for carbohydrates,
protein, calcium, vitamins A, B,, and C, niacin, and
fiber: the OR for the 4th quartile compared to that for
the 1st quartile ranged from 1.20 for vitamin B, to 1.82
for protein. For total fat, there was no significant OR
among quartiles. For salt, the 2nd and 3rd quartiles had

Table 3. Nutrient intake by women according to quartiles of household expenditures: age-adjusted mean + standard error

Ist (lowest) quartile

Nutrient intake (n=2,696)

2nd quartile
(n=12,488)

3rd quartile
(n=2,782)

4th (highest) quartile
(n=12,909)

Total energy (kcal/day) 1,702.3 + 8.9%*

1,727.4 +9.2%

1,765.9 + 8.7"** 1,804.5 + 8.5

Total fat (% energy) 253017 25.7+0.1" 26.0+0.1"" 26.6 0.1
Carbohydrates (% energy) 59.8 +0.2>% 58.9+0.2" 58.5+0.2" 57.9+0.1'%
Protein (g/1,000 kcal) 37.5+0.2% 38.5+0.2' 38.7+0.1' 38.9+0.1'
Calcium (mg/1,000 kcal) 292.0+2.6% 298.4+2.7 304.4+£2.6" 313.8+2.5"
Vitamin A (pg/1,000 kcal) 398.8 + 8.4% 437.6+8.7' 436.3 £ 8.3** 460.6 + 8.1
Vitamin B, (mg/1,000 kcal) 0.78 +0.07 0.88 +0.07 0.91 +0.07 0.92 +0.07
Vitamin C (mg/1,000 kcal) 69.4 =22 73.5+2.3" 77.5+£22% 88.5 2.1
Niacin (mg/1,000 kcal) 7.96 £0.07*** 8.34+0.07' 8.46 = 0.07" 8.50 + 0.06'
Fiber (g/1,000 kcal) 8.32 +0.06™ 8.59 £ 0.06' 8.61 = 0.06' 8.75+0.06'
Salt (g/1,000 kcal) 6.14+0.04' 6.25 +0.04* 6.21 +0.04* 6.02 £0.04"

1,2,3,4

significant (p < 0.05) compared to the 1st, 2nd, 3rd, and 4th quartiles, respectively.

Table 4. Prevalence of a healthy nutrient intake by men and the odds ratio (OR) and 95% confidence interval (CI) for
quartiles of household expenditures and marital status

Nutrient intake

Total fat 20-30% energy
% OR (95% CI)

Carbohydrates 50-70% energy

% OR (95% CI)

Protein > 27.3 g/1,000 kcal
% OR (95% CI)

Age (per ten-year increase)
Household expenditures

Ist (lowest) quartile

2nd quartile

3rd quartile

4th (highest) quartile

Trend

Not married (reference =
married)

1.08 (1.04-1.11)

25.7% 1.00 reference
26.7% 1.04 (0.92-1.17)
27.5% 1.07 (0.95-1.20)
26.0% 0.99 (0.88-1.11)

0.94 (0.82-1.07)

0.91 (0.87-0.94)

74.4% 1.00 reference
76.5% 1.10 (0.97-1.25)
78.4% 1.25 (1.11-1.41)
80.2% 1.42 (1.25-1.60)

sk

0.72 (0.63-0.82)

1.14 (1.08-1.19)

87.2% 1.00 reference
90.4% 1.38 (1.16-1.64)
92.0% 1.63 (1.37-1.95)
92.8% 1.82 (1.53-2.18)

sk

1.13 (0.94-1.36)

Nutrient intake

Calcium > 319 mg/1,000 kcal

% OR (95% CI)

Vitamin A > 387 pg/1,000 kcal

% OR (95% CI)

Vitamin B, > 0.64 mg/1,000 kcal

% OR (95% CI)

Age (per ten-year increase)
Household expenditures

1st (lowest) quartile
2nd quartile

3rd quartile

4th (highest) quartile

1.36 (1.31-1.41)

19.2% 1.00 reference
20.0% 1.05 (0.92-1.21)
20.5% 1.18 (1.04-1.35)
25.3% 1.35 (1.19-1.53)

1.18 (1.14-1.22)

22.8% 1.00 reference
26.3% 1.20 (1.05-1.36)
29.8% 1.39 (1.24-1.57)
30.2% 1.40 (1.25-1.58)

1.03 (0.99-1.08)

12.2% 1.00 reference
12.9% 1.08 (0.92-1.27)
14.1% 1.19 (1.02-1.39)

Trend

Not married (reference =

married)

sk sk

1.56 (1.35-1.80)

ke

1.10 (0.97-1.26)

14.3% 1.20 (1.03-1.40)
*

1.21 (1.03-1.43)

Nutrient intake

% OR (95% CI)

Vitamin C >45.5 mg/1,000 kcal Niacin > 6.8 mg/1,000 kcal

% OR (95% CI)

Fiber > 8.6 g/1,000 kcal
% OR (95% CI)

Salt <4.1 g/1,000 kcal
% OR (95% CI)

Age (per ten-year increase)

Household expenditures
Ist (lowest) quartile
2nd quartile
3rd quartile
4th (highest) quartile

Trend

Not married (reference =

married)

1.64 (1.59-1.70)

34.9% 1.00 reference
37.7% 1.12 (1.00-1.26)
42.8% 1.33 (1.19-1.49)
45.1% 1.41 (1.26-1.57)

sk

1.67 (1.47-1.89)

1.10 (1.07-1.14)

56.4% 1.00 reference
60.5% 1.16 (1.04-1.29)
64.0% 1.33 (1.19-1.48)
67.1% 1.51 (1.36-1.69)

s$eokok

0.76 (0.67-0.85)

1.59 (1.53-1.65)

21.4% 1.00 reference
23.3% 1.10 (0.96-1.26)
25.4% 1.17 (1.03-1.33)
28.3% 1.32 (1.17-1.50)

sk

1.33 (1.15-1.55)

0.86 (0.83-0.89)

23.4% 1.00 reference
20.9% 0.88 (0.77-1.00)
19.1% 0.80 (0.70-0.91)
17.8% 0.74 (0.65-0.85)

*kok

0.99 (0.87-1.14)

*p <0.05, ** p<0.01, *** p <0.001 with a chi-squared test for trends. % was prevalence of a healthy nutrient intake: e.g. total fat 20-25%
energy. OR was estimated with multiple logistic regression using age, household expenditure quartile, and marital status. Individuals who were

single, separated, or divorced were designated as "not married".
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Table 5. Prevalence of a healthy nutrient intake by women and the odds ratio (OR) and 95% confidence interval (CI) for

quartiles of household expenditures and marital status

Total fat 20-30% energy

Nutrient intake % OR (95%CI)

Carbohydrates 50-70% energy
% OR (95% CI) %

Protein > 28.5 g/1,000 kcal
OR (95% CI)

Age (per ten-year increase)
Household expenditures
1st (lowest) quartile

1.16 (1.12-1.21)

24.4% 1.00 reference

1.05 (1.02-1.09) 1.24 (1.18-1.32)

77.2% 1.00 reference 88.3% 1.00 reference

77.2% 1.00 (0.88-1.14) 91.5% 1.44 (1.20-1.73)
78.0% 1.04 (0.91-0.18) 92.6% 1.60 (1.33-1.93)
77.9% 1.03 (0.91-1.17) 93.5% 1.82 (1.51-2.21)

2nd quartile 22.9% 0.93 (0.82-1.06)
3rd quartile 24.5% 0.99 (0.88-1.12)
4th (highest) quartile 24.3% 0.98 (0.87-1.11)
Trend
Not married (reference = 0.97 (0.84-1.11)
married)

0.90 (0.79-1.04)

sk

1.46 (1.19-1.80)

Calcium > 371 mg/1,000 kcal

Nutrient intake % OR (95% CI)

Vitamin A > 371 pg/1,000 kcal

% OR (95% CI)

Vitamin B, > 0.63 mg/1,000 kcal

% OR (95% CI)

Age (per ten-year increase) 1.35 (1.30-1.40)

Household expenditures
1st (lowest) quartile 23.6% 1.00 reference
2nd quartile 24.7% 1.11 (0.97-1.26)
3rd quartile 25.9% 1.14 (1.00-1.29)
4th (highest) quartile 28.8% 1.32 (1.16-1.49)

Trend ok
Not married (reference = 1.55 (1.34-1.78)
married)

1.21 (1.18-1.25)

37.4% 1.00 reference
42.0% 1.25 (1.12-1.40)
45.7% 1.41 (1.26-1.57)
47.4% 1.50 (1.35-1.68)

sokok

1.22 (1.08-1.38)

1.06 (1.02-1.10)

14.6% 1.00 reference
16.3% 1.15 (0.99-1.34)
17.2% 1.22 (1.06-1.42)
17.8% 1.26 (1.09-1.46)

sk

1.30 (1.12-1.52)

Nutrient intake % OR (95% CI) %

Vitamin C > 57.1 mg/1,000 kcal Niacin > 6.8 mg/1,000 kcal
OR  (95% CI) %

Fiber > 9.7 g/1,000 kcal
OR (95% CI) %

Age (per ten-year increase)
Household expenditures

1.66 (1.61-1.72)

1.16 (1.12-1.19)

1.61 (1.56-1.67)

Salt < 4.1 g/1,000 keal
OR  (95% CI)

0.83 (0.80-0.87)

1.00 reference
1.22 (1.08-1.37)
1.17 (1.04-1.31)
1.29 (1.15-1.44)

17.1% 1.00 reference
13.9% 0.78 (0.67-0.90)
14.2% 0.82 (0.71-0.95)
15.7% 0.93 (0.80-1.07)

Ist (lowest) quartile 42.2% 1.00 reference 58.0% 1.00 reference 40.1%
2nd quartile 44.6% 1.18 (1.05-1.32) 63.7% 1.29 (1.15-1.44) 43.6%
3rd quartile 48.1% 1.27 (1.13-1.42) 65.5% 1.36 (1.22-1.52) 44.4%
4th (highest) quartile 51.6% 1.47 (1.31-1.64) 66.8% 1.44 (1.29-1.61) 46.8%
Trend kkk kkk ok
Not married (reference = 1.91 (1.68-2.17) 1.13 (1.00-1.28)
married)

1.63 (1.43-1.85) 0.85 (0.72-0.99)

*p <0.05, ** p<0.01, *** p <0.001 with a chi-squared test for trends. % was prevalence of a healthy nutrient intake: e.g. total fat 20-25%
energy. OR was estimated with multiple logistic regression using age, household expenditure quartile, and marital status. Individuals who were

single, separated, or divorced were designated as "not married".

a significantly lower OR compared to the 1st quartile.
In terms of marital status, not being married was
significantly associated with a healthy intake compared
to being married; intake of calcium, vitamins B, and
C, and fiber increased while that of carbohydrates and
niacin decreased.

As shown in Table 5, women and men had similar
results. There were differences, however. There was
no significant OR for carbohydrates, and increased
salt intake was associated with lower household
expenditures. In terms of marital status, not being
married had a significantly increased OR compared
to being married for all nutrients except total fat,
carbohydrates, and salt.

4. Discussion

This study found an association between socioeconomic
status and nutrient intake in a nationally representative
sample in Japan. Results indicated that people with
higher household expenditures were likely to have a
healthier nutrient intake. Different patterns were noted

mainly for fat and salt intake.

More favorable nutrient intake was associated with
higher household expenditures. This finding was in
line with prior studies in Western countries, in which
higher socioeconomic position was associated with
better dictary quality (4-7). These findings suggest that
people with higher expenditures and income can select
and purchase nutrient-rich food, including vegetables
and fruit. In a study of pregnant Japanese women,
healthy intake patterns were related to education
but not income (/5). Presumably, food choices are
determined based on the ability to understand dietary
recommendations rather than on other socioeconomic
factors (e.g. income). However, the present study found
that monetary advantages also promote a healthy diet.

In terms of fat intake, people with higher household
expenditures had a higher mean of % energy. This
seems to suggest that higher household expenditures
are associated with an unhealthy fat intake, since an
increase in fat results in cardiovascular risk factors such
as obesity and dyslipidemia. However, the prevalence
of fat intake in the recommended range (20 to 30%
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energy) did not differ among quartiles of household
expenditures. Therefore, higher household expenditures
were not associated with a detrimental increase in fat
intake.

Salt intake was associated with household
expenditures for men, while women with the highest
quartile of expenditures had the lowest salt intake. A
prior study of Japanese women found no association
between sodium intake and any socioeconomic
indicator of education, occupation, or income (/5).
High salt intake is one of the most critical issues
affecting nutrient intake in Japan, and a significant
decrease in this intake has not been noted in recent
years (7). This suggests that individuals have difficulty
decreasing their salt intake, even if they are of a higher
socioeconomic status.

Socioeconomic status is generally associated with
cardiovascular disease and risk, which dietary and
nutrient intake contribute to (8,9). The association
between household expenditures and nutrient quality
appears to partly explain the increase in cardiovascular
disease and risk in people of a lower socioeconomic
status. Fat and salt intake are important contributors
to cardiovascular disease, but individuals with lower
household expenditures were not found to have an
unhealthy fat or salt intake. This finding might relate to
the moderate association between socioeconomic status
and cardiovascular disease and risk in Japan compared
to that in Western countries (/7-14).

The association between marital status and nutrient
intake noted by this study is interesting. Not being
married was associated with the healthy intake of most
nutrients including vitamins and fiber, particularly for
women. Prior studies in Japan found that being married
decreased mortality and morbidity (27,22), so married
people are assumed to have a healthier diet than
unmarried people. Several studies in other countries
found that married individuals tend to eat healthier
diets than unmarried individuals do (23-26), while a
few studies had inconsistent findings (27,28). Although
the present study did not explore the background of
the relationship, unmarried people might be likely
to consume nutrient-rich food outside the home, for
example. Another possibility is that the method of
nutrient estimation is related to a healthy intake by
unmarried people. The nutrient intake per capita is
obtained by dividing the whole amount consumed in a
household by the number of members of the household,
regardless of their age and sex. Therefore, the nutrient
intake of married subjects and subjects with children
might be underestimated.

The mechanisms by which socioeconomic
disadvantage leads to an unhealthy nutrient intake
have frequently been discussed (4,8). Food choice
and nutrition security are influenced by individual
knowledge and training, food price and diet cost,
food access, and the food environment, including

neighborhood context, cultural issues, and other aspects
(4,8). A few studies in Japan examined neighborhood
environment and dietary intake but found no meaningful
association (29-31). Therefore, individual factors might
be better suited to explaining socioeconomic differences
in nutrient intake in the Japanese population.

A few limitations should be noted. First, household
expenditures were found to be less sensitive as
an indicator of socioeconomic status compared to
household income (32). Since income information
was not collected in all of the years covered by the
present study, household expenditures were divided
by equivalent household size. Equivalent expenditures
have been found to be useful for social patterning
of risk factors (32). The second limitation relates to
nutrition survey. Several problems with the NHNS
have been noted, including limited accessibility of the
original raw data, survey and data quality control, the
low response rate, and nutrient estimation as a result of
simply dividing by family size (33).

The findings of this study emphasize socioeconomic
factors in disease prevention and health promotion.
As in other industrialized countries, in Japan
socioeconomic status is associated with nutrient intake,
possibly through food choice and purchase. Discase
prevention and health promotion should be targeted
at socioeconomically disadvantaged populations. In
addition to encouraging people to choose a healthy
dietary pattern, accessibility to lower cost and nutrient-
rich food should be promoted.

In conclusion, this study using nationally
representative surveys found that people with higher
household expenditures had a healthier intake of
nutrients such as vitamins and fiber. The same
association was not evident for fat and salt intake.
An unhealthy nutrient intake associated with lower
household expenditures might partly result in increased
morbidity and mortality in socioeconomically
disadvantaged populations.
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Summary

Membrane rafts, rich in sphingolipids and cholesterol, play an important role in neuronal
membrane domain-specific signaling events, maintaining synapses and dendritic
spines. The purpose of this study is to examine the neuronal response to membrane raft
disruption. Membrane rafts of 8 DIV primary neuronal cultures were isolated based on
the resistance to Triton X-100 and ability to float in sucrose gradients. Membrane rafts
from primary cortical neurons were also imaged using the membrane raft marker, cholera
toxin subunit-B (CTxB), and were co-immunolabelled with the dendritic microtubule
associated protein marker, MAP-2, the dendritic and axonal microtubule protein, p-III-
Tubulin, and the axonal microtubule protein, Tau. Exposure of cortical neurons to
either the cholesterol depleting compound, methyl-beta-cyclodextrin (MBC), or to the
glycosphingolipid metabolism inhibiting agent p-threo-1-phenyl-2-decanoylamino-3-
morpholino-1-propanol (D-PDMP), resulted in neuritic retraction prior to the appearance
of neuronal death. Further investigation into the effects of MBC revealed a pronounced
perturbation of microtubule protein association with membrane rafts during neuritic
retraction. Interestingly, stabilizing microtubules with Paclitaxel did not prevent MBC-
induced neuritic retraction, suggesting that neuritic retraction occurred independently of
microtubule disassembly and that microtubule association with membrane rafts is critical
for maintaining neuritic stability. Overall, the data indicated that membrane rafts play an
important role in neurite stability and neuronal viability.

Keywords: Membrane raft, neuritic retraction, axonal damage, neuronal death, cortical neurons,
time lapse imaging

1. Introduction

glycosphingolipids and cholesterol and are known to
play an important role in neuronal domain specific
signaling events (2) and maintaining synapses and

The plasma membrane of cells, composed mainly of
lipids, is a fluid dynamic structure that has the ability to
change its fatty acid composition and density to adjust
and react to its external environment. One way to do
this is through the formation of specialized membrane
microdomains called lipid rafts, or membrane rafts,
as the name has been redefined recently (/). These
specialized membrane microdomains are rich in
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Dr. Sheng T. Hou, NRC-Institute for Biological
Sciences, National Research Council Canada, 1200
Montreal Road, Bldg M54, Ottawa K1A OR6, Canada.
E-mail: sheng.hou@nrc-cnre.ge.ca

dendritic spines (3). For example, membrane rafts
compartmentalize cellular processes by serving as
organizing centers or scaffolds for the assembly of
axonal outgrowth signaling molecules (4,5), influencing
membrane fluidity and membrane protein trafficking,
and regulating neurotransmission and receptor
trafficking (3,6). One key feature distinguishing
membrane rafts from the rest of the plasma membranes
is lipid composition. Membrane rafts generally
contain twice the amount of cholesterol found in
the surrounding lipid bilayer and have 50% more of
sphingolipids, such as sphingomyelin, compared to the
rest of the plasma membrane. Proteins in membrane
rafts also undergo lipid modifications such as
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glycosylphosphatidylinositol anchors and acquire the
ability to directly bind cholesterol (7).

The role of membrane rafts in maintaining axonal
structure and neuritic networks in mature adult
neurons is still unclear. Cholesterol rich membrane
rafts have been shown to interact with components
of the cytoskeleton (8,9). Specifically, a-tubulin
has been co-immunoprecipitated with Caveolin-1, a
marker for membrane rafts, in rat brain extracts (/0).
Also, membrane raft domains have been implicated
in stabilizing microtubules within smooth muscle
cells (/7). These studies prompted us to hypothesize
that disruption of membrane rafts through perturbing
cholesterol may affect the cytoskeleton thereby
causing morphological changes in neuritic structures
and may ultimately affect membrane raft-mediated
signal transduction and neuronal survival. Methyl-
beta-cyclodextrin (MBC), a cyclic oligosaccharide
with high a affinity to cholesterol, has been widely
used to sequester cholesterol from cellular membranes
and thus disrupt membrane rafts (/2). Several studies
have examined the effects of cholesterol depletion
via MBC exposure on signal transduction pathways
(13-17). D-threo-1-phenyl-2-decanoylamino-3-
morpholino-1-propanol (D-PDMP) has also been
shown to disrupt membrane raft integrity by inhibiting
glycosphingolipid metabolism (/8-20).

In the present study, the neuronal response to
membrane raft disrupting agents MBC and D-PDMP
were examined. Continued exposure of cortical
neurons to either MBC or D-PDMP resulted in rapid
neuritic retraction prior to the appearance of neuronal
death. Several microtubule proteins were found to co-
localize with membrane rafts indicating that membrane
raft stability may be required for maintaining neuritic
integrity. These findings shed light on the role of
membrane rafts in modulating neuritic stability in
mature cortical neurons.

2. Materials and Methods
2.1. Culture of cerebral cortical neurons

Primary cortical neurons were cultured from
embryonic day 15/16 CD-1 mice as described
previously (27,22). Briefly, neurons were plated
into 24-well plates at a density of 1 x 10° cells/well
coated with poly-D-lysine (100 pg/mL ) in serum-
free medium (N,/Dulbecco's modified Eagle's
medium (1:1) supplemented with 6 mg/mL D-glucose,
100 pg/mL transferrin, 25 pg/mL insulin, 20 nM
progesterone, 60 uM putrescine, and 30 nM selenium.
Neurons were incubated at 37°C with 5% CO,. One-
third of the medium was exchanged with fresh
medium at 3 and 6 days in vitro (DIV).

2.2. Induction of neuritic retraction

Primary cortical neurons were treated with various
concentrations (5 uM, 50 uM, 500 uM, 5 mM and 10
mM) of MBC (Sigma, Toronto, ON, Canada) diluted
in ddH,O for various time points up to 1 h. Neuritic
retraction was also examined in primary neuronal
cultures following exposure to various concentrations
(1 uM, 5 uM, 10 uM and 20 uM) of D-threo-1-Phenyl-
2-decanoylamino-3-morpholino-1-propanol (D-PDMP)
(Sigma, Toronto, ON, Canada). To establish the effects
of microtubule stability on MBC-induced neuritic
retraction, primary cortical neurons were incubated with
either dimethyl sulfoxide (DMSO) (Sigma, Toronto,
ON, Canada) alone or with 100 nM Paclitaxel (Taxol)
diluted in DMSO 2 h prior to exposure with MBC, a
concentration and time point shown to be effective in
protecting neurons against toxicity (23).

2.3. Neuronal viability

Neuronal viability was determined by an Alamar
Blue (AB) assay (BioSource International, Nivelles,
Belgium). This compound links to the respiratory
chain without affecting the integrity of cells (24).
When AB is reduced, it becomes fluorescent. Thus,
cell metabolic rates can be evaluated proportionally
with the fluorescence intensity. Briefly, at the end of
the treatment period, 10% v/v AB was added to each
well. Plates were then incubated at 37°C for 1 h. Next,
for each well, three 100 pL aliquots were transferred
to a 96-well plate and the absorbance at 540 nm was
spectrophotometrically detected with a Cytofluor 2350
Fluorescent Measurement System. The absorbance
of a medium blank with AB was subtracted from the
absorbance of the control and test wells with AB to give
the absorbance of the oxidized form and AB reduction
was calculated. Each well was read in triplicate and
experimental data was normalized to controls. All
results represent the mean of two separate culture
experiments. Neuronal viability was also calculated by
detecting nuclei per microscopic field using Hoechst
33258 nuclear stain. Data was represented as percent
viability and was calculated from five fields per
treatment for two independent cultures.

2.4. Labeling membrane rafts and fluorescent
immunohistochemistry

Coverslips containing 8 DIV primary cortical neurons
were fixed with 4% formaldehyde (VWR, Mississauga,
ON, Canada) in 10 mM PBS for 30 min at room
temperature, followed by rinsing in 10 mM PBS
for 5 times. For membrane raft labeling, coverslips
were incubated with 5 pg of CTxB-FITC (Sigma,
Toronto, ON, Canada) for 1 h on ice and covered
to limit exposure to light. Coverslips to be used for
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immunofluorecence were washed 3 times with PBS
following CTxB incubation and incubated with the
following primary antibodies in a buffer containing
10 mM PBS, 0.3% Triton X-100, 1.5% BSA for 1 h at
room temperature: mouse Anti-B-I1II-tubulin monoclonal
antibody (1:100, Millipore Laboratories, Billerica,
MA, USA), mouse anti-MAP2a+b monoclonal
antibody (1:500, Millipore Laboratories, USA) or
mouse anti-Tau monoclonal antibody (1:100, Millipore
Laboratories, Billerica, MA, USA). Coverslips were
then washed 3 times in 10 mM PBS and were incubated
in a donkey anti-mouse Cy-3 conjugated secondary
antibody (1:400, Jackson laboratories, Bar Harbor,
ME, USA). Following 3 washes in 10 mM PBS,
coverslips were briefly dipped in water to prevent PBS
crystal formation and mounted with Dako fluorescent
mounting media (Sigma, Toronto, ON, Canada) spiked
with 5 mg/mL Hoechst 33258 (Sigma, Toronto, ON,
Canada). Coverslips containing labeled cells were
visualized using a Zeiss inverted microscope with a
magnification of 40x and digital images were obtained
using the Axiovision v.4.7.2.0 software.

2.5. Isolation of detergent resistant membranes

Detergent-resistant membranes were isolated on the
basis of their resistance to Triton X-100 at 4°C and their
ability to float in sucrose density gradients. Primary
cortical neurons were homogenized in 1 ml of PTN 50
buffer (50 mM sodium phosphate, pH 7.4; 1% Triton
X-100, 50 mM NacCl) containing 10 mM DTT, 1 mM
PMSE, 5 pg leupeptin and 1 pg pepstatin A. Cell lysates
were centrifuged at 13,400 x g for 3 min to remove
any nuclear material. The remaining supernatant was
diluted with equal volumes of 80% sucrose. Samples
were carefully overlaid with equal volumes of 30% and
5% sucrose respectively. The gradient was centrifuged
at 130,000 x g (average) for 20 h at 4°C in a Beckman
L8-70 ultracentrifuge (SW40-400 rotor) and aliquoted
into 600 pL fractions. Following fractionation, fractions
were collected and the protein concentrations within the
fractions were detected using the Biorad protein assay
(Biorad, Missisauga, ON, Canada). Membrane raft
positive fractions were identified based on a positive
western blotting signal with Caveolin-1 and Flotillin-1
(see western blotting for details). Membrane raft and
non-raft fractions were then pooled and concentrated
using Amicon ultra columns (Millipore Laboratories,
Billerica, MA, USA).

2.6. Western blotting

Twenty microgramme of protein from each pooled
fraction was separated by 6% or 8% SDS-PAGE.
Electrophoresis was performed at 100 V and the gel
was transferred to pure nitrocellulose membrane (Biorad
laboratories, Mississauga, ON, Canada) for 1 h at room

temperature at 100 V. The nitrocellulose membrane
was blocked for 30 min at room temperature with
5% non-fat milk in TBST buffer containing 10 mM
Tris, 150 mM NaCl, and 0.1% Tween-20. Membranes
were incubated with the following primary antibodies
overnight at 4°C: rabbit anti-Caveolin-1 polyclonal
(1:500, Santa Cruz Laboratories, Santa Cruz, CA,
USA), mouse anti-Flotillin-1 monoclonal (1:1,000,
BD Biosciences, USA), anti-B-III-tubulin monoclonal
(1:1,000, Millipore Laboratories, Billerica, MA, USA),
mouse anti-MAP2a+b monoclonal (1:1,000, Millipore
Laboratories, Billerica, MA, USA) or mouse anti-Tau
monoclonal (1:500, Millipore Laboratories, Billerica,
MA, USA). All primary antibodies were diluted in 5%
non-fat milk. TBST: The primary antibody incubation
was followed by 3 x 10 min washes in TBST followed
by an incubation with the appropriate secondary
antibodies diluted in 5% non-fat milk/TBST: HRP-
conjugated secondary goat-anti-mouse (1:2,500,
Jackson Laboratories, Bar Harbor, ME, USA) and HRP-
conjugated secondary goat-anti-rabbit (1:2,500, Jackson
Laboratories, Bar Harbor, ME, USA). Following 3 x
10 min washes in TBST, the blots were developed with
ECL (GE Healthcare Life Sciences, Baie d'Urfe, QC,
Canada).

2.7. Time lapse imaging

Primary cortical neurons were acclimated for 30 min
to the time lapse chamber and were maintained at
37°C with 5% CO,. Cells were then incubated with 30
pg/mL propidium iodide (PI) for 30 min. Following
acclimation and incubation with PI, cortical neurons
were exposed to 5 mM MBC. Cultures were imaged
using time lapse microscopy imaging every 20 sec
following MBC exposure for up to 1 h. During each
time interval both phase and Cy-3 images were obtained.

2.8. Data analysis

All data was analyzed by one way ANOVA and further
post hoc tests for significant groups using Dunnett's
test. Groups were considered significant with a p-value
<0.05.

3. Results

3.1. Exposure of cortical neurons to MBC or D-PDMP
results in dose-dependent neuritic retraction and
neuronal death

To determine the effects of membrane raft disruption
on neurons, a dose response curve of MBC was
established. Primary cortical neurons at 8 DIV were
exposed to 5 uM, 50 uM, 500 uM, 5 mM or 10 mM
MBC for up to 30 min. At 20 and 30 min of exposure,
cells were fixed. Neuritic length and neuronal viability
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were assessed (Figure 1A, red colored lines). Based
on Hoechst staining and nuclei morphology, a MBC
exposure at 5 uM or 50 uM did not have any effect
on neuronal viability (Figure 1A). Neuronal viability
was significantly reduced by a 30 min exposure of
500 uM or 5 mM MBC. Neuronal viability was also
significantly reduced when neurons were exposed to a
higher dose of 10 mM MBC (data not shown). Given
that membrane raft disruption from MBC appeared
to result in a concentration dependant cell death, it is
still possible that lower concentrations, (and earlier
time points), may still impact neuronal structure and

function. We therefore next examined the dose response
of MBC exposure on neuritic retraction (Figure 1A,
black colored lines). Neurons significantly retracted
their neurites as early as 20 min when exposed to 50
uM, 500 uM, or 5 mM MBC. Therefore, these results
demonstrated that exposure to MBC resulted in neuritic
retraction followed by neuronal death.

Membrane raft disruption via inhibition of
glycosphingolipid synthesis has also been documented
using D-PDMP (/8-20). Hoechst staining and nuclei
morphology revealed that neurons treated with 10 pM
D-PDMP started to die following 60 min of exposure
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Figure 1. Effects of MBC and D-PDMP on neuritic length and neuronal viability. (A) Primary cortical neurons cultured for 8
DIV were exposed to 5 uM, 50 uM, 500 uM, 5 mM or 10 mM of MBC for 20 and 30 min. (B) Primary cortical neurons cultured
for 8 DIV were exposed to 1 uM, 5 uM, 10 uM or 20 uM of D-PDMP for 20, 30 or 60 min. In both (A) and (B), Neuronal
viability (red colored lines) was determined on fixed cells stained with Hoechst 33258. Neuritic length (black colored lines) was
measured and quantified using Image J software. Data from two independent experiments were presented as mean% alive from
control untreated cells (A and B) and mean% change in neuritic length (A and B) £ S.E.M (* indicates statistical significant
change at p < 0.05 from the control by one-way ANOVA with Dunnett's post hoc test, n = 12).
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while 20 uM D-PDMP treated neurons resulted in cell
death by 30 min of exposure (Figure 1B, red colored
lines). This level of D-PDMP-induced toxicity was
consistent with a previous study demonstrating the
toxic effects of D-PDMP in cultured trigeminal sensory
neurons whereby neurons died following exposure
to 20 uM D-PDMP (/9). Here, neurons significantly
retracted their neurites by 30 min of exposure of 5
uM D-PDMP, and as early as 20 min when exposed
to 10 uM and 20 uM D-PDMP (Figure 1A, black
colored lines). Results from neurons exposed to
D-PDMP demonstrated a similar response pattern
and morphology to those treated with MBC, whereby
disruption of membrane rafts resulted in neuritic
retraction prior to the appearance of cell death. Given
that 5 mM of MBC resulted in both neuritic retraction
and cell death, and that 5 mM is frequently used
experimentally (/4,17,25), subsequent experiments
were performed using this paradigm.

3.2. Neuritic retraction occurs prior to neuronal death
following exposure with MBC

The relationship between membrane raft integrity,
neuritic retraction and neuronal death was further
examined using time-lapse microscopy. To do this,
cortical neurons were acclimated for 30 min to the
time-lapse microscope chamber and followed by
incubation with 30 pg/mL PI for 30 min. PI serves as
an indicator for changes of membrane permeability
and neuronal death. Following acclimation and
incubation with PI, cortical neurons were exposed to
5 mM MBC. Cultures were imaged using time-lapse
microscopy imaging every 20 sec following MBC
exposure for up to 1 h. During each time interval,
both phase contrast and PI fluorescent images were
obtained in Figure 2A and the supplemental Movie
1 (http://www.biosciencetrends.com/docindex.
php?year=2012&kanno=4). Neuritic retraction
occurred as early as 5 min following exposure to 5
mM of MBC and continued throughout the exposure
period. The neurons only became PI positive once
the majority of cell retraction occurred (Figure 2A
and the supplemental Movie 1). The relationship
between neuritic retraction and neuronal cell death was
quantified at various time points following exposure
to MBC. Neuronal viability was assessed using both
a morphometric analysis of Hoechst 33258 stained
nuclei and a plate-reader based Alamar blue assay.
Both measurements indicated that neuritic retraction
preceded neuronal death (Figure 2B). In fact, neurites
retracted significantly compared to the controls as
early as 5 min following exposure with MBC (70.0 +
3.8% of control), whereas neuronal death did not occur
until 20 min (88.6 £ 1.6% of control by Alamar blue
assay) and 30 min (83.4 + 2.1% of control by Hoechst

morphometric analysis) (Figure 2B). Therefore, these
results demonstrated that membrane raft destabilization
via cholesterol extraction resulted in early neuritic
retraction prior to the appearance of neuronal death.

3.3. Cytoskeletal proteins are associated with
membrane rafts

Since membrane raft disruption resulted in neuritic
retraction, we sought to examine the potential
mechanisms by which the retraction occurred. We
hypothesized that perturbation of membrane raft-
associated cytoskeleton proteins may be required.
To examine this possibility, the presence of neuronal
cytoskeletal proteins in the membrane rafts was
examined. These proteins are microtubule associated
protein 2 (MAP-2), B-III-tubulin and Tau. Membrane
raft fractions were isolated using sucrose gradient
ultracentrifugation (see Methods section) and
confirmed using immunoblotting to detect Caveolin-1
and Flotillin-1, which are makers for membrane rafts
(Figure 3A). Both membrane raft and non-membrane-
raft fractions were also probed by Western blotting to
detect the dendritic expressed MAP-2, dendritic and
axonal expressed B-III-tubulin and the axonal expressed
Tau. All three microtubule associated proteins were
present within the membrane raft fractions (Figure 3A).
Quantitative analysis showed that the ratio of B-III-
tubulin and Tau within the raft domains compared to
the non-raft domains was higher than that of MAP-2.
Co-localization of membrane rafts with cytoskeletal
proteins was also confirmed using immunostaining of
cytoskeletal proteins (red color) combined with CTxB
(green color) as shown in Figure 3B.

3.4. Stabilizing cytoskeleton does not prevent MBC-
induced neurite retraction

Experiments were performed to understand whether the
observed neuritic retraction was caused by the general
destabilization of microtubules in response to MBC
treatment, or caused by the loss of membrane rafts
which may serve as anchors for microtubule proteins.
To assess these possibilities, neurons were pre-incubated
with 100 nM of Paclitaxel (Taxol), a microtubule
stabilizing agent, for 2 h (Figure 3C), a concentration
and time point that has been shown to be protective
against toxic insult (23). Cells pre-incubated with or
without 100 nM Paclitaxel (and concentrations up to
10 uM, data not shown) demonstrated a similar rapid
response with respect to neuritic retraction (Figure 3C,
black colored lines) and neuronal viability (Figure 3C,
red colored lines), suggesting that neuritic retraction
was caused by the loss of membrane rafts serving as
anchoring points for microtubule, rather than due to the
destabilization of microtubules in response to MBC.
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Figure 2. Time lapse imaging neuritic retraction and neuronal death following exposure to MBC. To visualize real time
neuritic retraction and neuronal cell death, time-lapse microscopy was performed on 8 DIV cortical neurons treated with 30 pg/mL
PI for 30 min prior to exposure with 5 mM MBC for up to 1 h. (A) Photomicrographs of the time-lapse imaging demonstrated
neuritic retraction as early as 5 min. Cells did not become positive with PI after at least 20 min when the majority of the neurites
have retracted (bar represents 20 um). (B) A time course of cell viability was assessed using Hoechst cell counts and the Alamar
Blue assay along with corresponding measurements of neuritic length. Cell viability was significantly reduced by 20 min (Alamar
blue) and 30 min (Hoechst cell counts) following exposure to MBC. Quantitative data from two independent experiments are
represented as mean changes standardized to the control untreated cells. Green lines are to highlight the difference between cell
death and neuritoc length with * and ** indicating statistical significant changes from controls at p < 0.05 and 0.01, respectively,

by one-way ANOVA, Tukey's post hoc test, n = 16.

4. Discussion

Here, we demonstrated the importance of membrane rafts
in mediating neuritic retraction using two membrane
raft disruption chemical agents. When membrane
rafts are disrupted, perturbations of membrane raft-
associated cytoskeleton proteins occur, neurites retract
rapidly and neuronal death ensues. Our findings are
consistent with a previous study in which inhibition
of hydroxymethylglutaryl coenzyme A reductase and
cholesterol synthesis in the mevalonate pathway resulted

in significant neurite retraction in neuronal differentiated
PC12 cells and rat cortical neurons (26). These
findings are important in the context of understanding
the pathogenesis of neuronal injury in several
neurodegenerative diseases. Changes in synaptic activity
caused by neuritic retraction have been postulated
as being an early marker of neuronal dysfunction,
commonly found early during the pathogenesis of
Alzheimer's disease (27-29), Parkinson's disease (30-
32) and stroke (33). It has also been demonstrated that
neuritic retraction occurs in response to brain injury
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Figure 3. Detection of neuronal microtubule associated proteins within the membrane raft domains of primary cortical
neurons. (A) Membrane rafts were isolated (see methods) from (DIV 8) primary cortical neurons. Membrane raft fractions were
identified with Caveolin-1 and Flotillin-1 by immunoblotting. Both membrane raft and non-raft fractions were also probed by
immunoblotting with the dendritic marker MAP-2, dendritic and axonal marker B-III-tubulin and the axonal marker Tau. All three
microtubule associated proteins were present both within the membrane raft and non-raft fractions. The ratio of f-1lI-tubulin and
Tau within the raft fractions compared to the non-raft fractions was higher than MAP-2. (B) Primary cortical neurons were also
fixed and labelled with CTxB (green color), followed by immunolabelling with antibodies to MAP-2, B-IlI-tubulin or Tau (red
color). (C) Effects of MBC on neuritic retraction and viability following treatment with Paclitaxel. Cortical neurons at 8§ DIV
were pre-incubated with either DMSO or 100 nM Paclitaxel for 2 h. Neurons were then exposed to 5 mM MBC for up to 1 h.
Neuritic length was measured at various time points along with corresponding measurements of cell viability assessed using the
Alamar Blue. There were no statistical significant differences in neuritic retraction or neuronal viability between neurons pre-
incubated with DMSO alone or Paclitaxel (one-way ANOVA with Tukey's post hoc test, n = 10). Green lines are to highlight the
difference between cell death and neurite length with ** indicating statistical significant changes at p < 0.01 between neuritic
length and percentage of live cells (one-way ANOVA, Tukey's post hoc test, n = 16).

(28,34-36). Together, our data clearly demonstrates that studies have suggested that the inhibition of membrane
neuritic retraction is mediated by membrane rafts and raft function is neuroprotective (37,38). These particular
further suggests that such a mechanism may potentially studies suggest that by not allowing clustering of potential
be common in neuritic response to injury. harmful receptors such as the N-methyl-D-aspartic acid

Our data clearly established the fact that disruption receptor into rafts, neurons could be protected against
of membrane rafts results in neuritic retraction prior excitotoxicity. Our results indicate that MBC caused

to neuronal death. Using morphometric analysis and significant neuritic retraction even at low doses (5
time-lapse imaging, and two membrane raft-disrupting puM). While our results do not refute previous claims
agents, we convincingly showed that neuritic retraction that preventing potentially harmful signaling through
occurred prior to the appearance of PI positivity of the membrane rafts may provide neuroprotection, they also
nuclei, confirming neuronal death. Interestingly, some suggest that a complete disruption of membrane rafts via
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cholesterol depletion leads to neurodegeneration. This
notion that a quantum of membrane rafts are required for
neuroprotection following injury is supported by recent
studies demonstrating that cytidine 5-diphosphocholine
redistributed excitatory amino acid transporters to
membrane raft microdomains and improved glutamate
uptake in a rat middle cerebral artery occlusion model
(39,40). More recently, it has been demonstrated that
excitatory amino acid transporter 2 localization was
significantly reduced within membrane raft domains of
Alzheimer's disease patients (4/). Overall, these studies,
together with our results, suggest that membrane rafts are
required for neuritic integrity and neuronal viability.

Since MBC exposure resulted in rapid neuritic
retraction, examining microtubule associated protein
response to MBC was done. Western Blotting results
demonstrated that the microtubule proteins, MAP-
2, B-1II-tubulin and Tau are all present within the
membrane raft domains of primary cortical neurons.
Using Immunocytochemistry, CTxB-labelled membrane
rafts appeared to localize with the dendritic microtubule
protein, MAP-2, in roughly equal amounts within the
neurites and cell bodies, higher amounts within the
neurites with B-I1I-tubulin, and almost exclusively within
the neurites with Tau. The most common preparation
for membrane-raft associated protein is the Triton
X-100/sucrose density gradient centrifugation method.
Cognisant that this technique is not without faults (42-
44), we were confident that MAP-2, B-III-tubulin and
Tau were co-localized within these domains since they
were confirmed both using the biochemical Triton X-100/
sucrose density gradient method and by labeling with
CTxB.

Disruption of membrane rafts with MBC leads to
rapid de-colocalization of membrane rafts, in order
of increased rate, with MAP-2, -11I-tubulin and Tau,
all of which suggests that axonal microtubules may
be more sensitive to membrane raft disruption. The
crucial point in this finding lies within the timing. The
shift in colocalization between membrane rafts and
microtubule associated proteins occurred prior to neuritic
retraction and cell death. Our results are consistent with
other studies which have demonstrated that cholesterol
containing membrane rafts interact with components of
the cytoskeleton (8-/0). To our knowledge, however,
this is the first study that has described the presence of
both dendritic and axonal microtubule proteins within
membrane rafts. Further research needs to be conducted
to examine the structural supportive role of membrane
rafts in neurites. A clear understanding of the mechanisms
involved in this structural support may serve as a novel
neuroprotective strategy for neurons exposed to injury.
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Legend for Supplementary Movie 1

Neuritic retraction and neuronal death in response to MBC by
time lapse imaging. Primary cortical neurons were acclimated
for 30 minutes to the time lapse chamber and were maintained
at 37°C with 5 % CO,. Cells were then incubated with 30 pg/
mL propidium iodide (PI) for 30 min. Following acclimation
and incubation with PI, cortical neurons were exposed to 5 mM
MBC. Cultures were imaged using time lapse microscopy every
20 seconds following MBC exposure for up to 1 h. During
each time interval both phase and Cy-3 images were obtained.
The appearance of the red color indicates PI positivity and cell
death.
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Summary

Glioblastoma multiforme (GBM) is the most common and lethal type of primary brain
tumor with a very poor prognosis. Current therapies for GBM remain palliative and
advances made in decades have resulted in only a slight improvement in treatment
outcome. Exploring new therapeutic agents for GBM treatment, therefore, is of prime
importance. In the present study, we performed a high-throughput screening for GBM
cell growth and invasion, with an attempt to identify novel potential anti-GBM agents. An
annotated compound library (LOPAC1280) of 1,280 pharmacologically active compounds
was screened and ten compounds were validated and identified as inhibitors of GBM cell
growth and invasion. Four of them, i.e., 6-nitroso-1,2-benzopyrone, S-(p-azidophenacyl)
glutathione, phenoxybenzamine hydrochloride, and SCH-28080 have not been implicated
in GBM cell growth and invasion previously, suggesting that they may serve as novel
potential therapeutic agents for GBM treatment. In conclusion, novel inhibitors of GBM
cell growth and invasion were identified in the present study, which provides a basis for
the development of therapies for GBM, and may shed light on the molecular mechanisms

underlying GBM cell behavior.

Keywords: Glioblastoma, screening, annotated compound library, cell growth, cell invasion

1. Introduction

Glioblastoma multiforme (GBM) is the most common
and most aggressive malignant brain tumor. Current
therapeutic approaches for GBM are predominantly
palliative, including maximal surgical resection,
radiotherapy, and chemotherapy (/). However, one of
the most important barriers to successful therapy is the
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diffuse invasion of GBM cells, making them elusive
targets for effective surgical management and giving
rise to tumor recurrence. Besides, lack of a significant
antitumor effect from traditional therapies is frequently
observed (2), resulting in quite low relative survival
(five-year survival rates are less than 5%) (The Central
Brain Tumor Registry of the United States, 2012).
Therefore, identifying novel effective therapeutic
agents for treating GBM is urgently needed.

Etiology and pathophysiology of GBM are
complex and currently unclear. Potential molecular
targets for GBM therapies are being explored while
effective ones are still largely unknown. As GBM is
characterized by high proliferation rate and diffuse
invasion, regulators targeting these cell behaviors
may lead to immediate clinical improvement. The
development of experimental technologies to measure
cell growth or invasion has made it possible to acquire
potential anticancer compounds, while a major obstacle
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is that the current cell invasion assays are difficult to
perform in parallel at the scale required to screen large
libraries (3). High-throughput approaches, which allow
simultaneous screening of hundreds to thousands of
compounds, are therefore of interest to basic scientists
and those in search of therapeutics (4). Bioluminescent
assays, which are based on the detection of ATP by
the luciferin-luciferase reaction, are being studied for
high-throughput screening due to their sensitivity,
broad linearity, and robustness to library compounds
and complex biological samples (5). A bioluminescent-
based assay for GBM cell growth and invasion was
developed in our laboratory previously (6), and it
was adapted here to allow the possibility of screening
regulators of GBM cell behavior in a high-throughput
manner.

In the present study, using a high-throughput
screening approach, we screened an annotated compound
library (LOPAC1280) of 1,280 pharmacologically
active compounds that influence most cellular processes
and cover all major drug target classes, to identify
novel potential therapeutic agents against GBM.
LOPACI1280 represents a collection of compounds from
56 pharmacological classes with well-characterized
activities and experimentally validated biological
mechanisms, and thus, this screening may also provide
new insights into the molecular basis of GBM.

2. Materials and Methods
2.1. Cells, cell cultures and compounds

Human glioblastoma cell lines U87MG and U251MG
were obtained from American Type Culture Collection
(Manassas, VA, USA) and maintained in DMEM
supplemented with 10% fetal bovine serum (FBS).
U87-luc (U87MG glioblastoma cells genetically
engineered to express firefly luciferase reporter gene)
was kindly provided by Santosh Kesari (Dana-Farber
Cancer Institute, Harvard Medical University) and
cultured in DMEM containing 10% FBS, 1% penicillin/
streptomycin, 1% L-glutamine, and 0.5 mg/mL G418
(Sigma-Aldrich, St. Louis, MO, USA). Cells were
maintained in a humidified tissue culture incubator at
37°C with a 5% CO, atmosphere.

Compounds from LOPAC1280 (Sigma-Aldrich,
St. Louis, MO, USA) were received as 10 mM DMSO
stock solutions and stored at —20°C until further use.
For validation experiments, active compounds (i.e.,
"hits") from the primary high-throughput screening
were prepared at a concentration ranging between 0.01
and 100 puM.

2.2. High-throughput screening of LOPAC1280

For primary screening, a high-throughput screening
assay for cell growth and invasion was performed and

a library of 1,280 compounds was screened. Briefly,
the luciferin-immobilized 96-well black-wall clear-
bottom plates (Becton Dickinson, Franklin Lakes,
NJ, USA) were prepared following the procedure
described in our previous paper (6) (Figure 1A). For
each plate, the top half (rows A-D) was not coated with
luciferin, with the aim of evaluating cell proliferation.
Wells in rows E-H were coated with luciferin on the
bottom to evaluate cell invasion. Each compound of
the LOPAC1280 library was mixed with U87-Luc cell
conditioned media and Matrigel Basement Membrane
Matrix (BD Biosciences, Bedford, MA, USA), which
had been widely used in tumor cell invasion assays or
functioned as 3D cell culture platforms (7,8), to a final
concentration of 10 uM (the DMSO concentration was
0.1% for all samples and controls). Then the mixture
was added onto the 96-well plates in triplicate in a
cold room at 4°C. Each 96-well plate was placed in an
incubator at 37°C for 2 h. Next, luciferin (1 pL) was
placed in each of the wells in rows A-D. About 5,000
U87-Luc cells in 5 pL. media were loaded onto the
Matrigel (0 h) in all wells followed by incubation in a
humidified incubator at 37°C in a 5% CO, atmosphere
for 24 h. The bioluminescent signals were detected at
0 h and 24 h using the IVIS 100 system (Xenogen Co.,
Alameda, CA, USA). Signal intensity was quantified
using Living Image software (version 2.50.1, Xenogen
Co., Alameda, CA, USA) (in terms of photon counts).

A good linear correlation between the U87-Luc cell
number in Matrigel and bioluminescent signal had been
obtained in our previous study (6). The photon counts
of wells in rows A-D (no luciferin coating) reflected the
total number of cells and those in rows E-H (luciferin
coated) reflect the cells that moved through the
Matrigel. Accordingly, cell growth and invasion were
measured. For each 96-well plate, 15 compounds were
evaluated. Z' factor was used for quality control of the
screening plates, which was defined as described in the
following equation: 1 — (3os + 3ob)/|us — ub|, where o
represents the S.D. of signal (os) or background (cb)
and 1 is the mean and p represents the mean (9).

2.3. Cell growth assay

Cell growth was assessed by CellTiter 96° AQueous
cell proliferation assay (MTS) (Promega, Madison,
WI, USA) according to the manufacturer's instructions.
Briefly, 10,000 US7MG or U251MG cells in 100 pL
medium were seeded in triplicate in each well of the
96-well white-wall clear-bottom plates and incubated
overnight, followed by 24 h treatment with active
compounds at different concentrations (0.01 uM to
100 uM). Cells were then washed and fresh medium
was added followed by Cell Titer 96° AQueous One
solution (20 pL/well). After 3 h incubation, absorbance
at 490 nm was measured using the FLUOstar Omega
Microplate Reader (BMG LABTECH, Cary, NC,
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Figure 1. Results of LOPAC1280 high-throughput screening for anti-GBM compounds and chemical structures of the
validated novel hits. (A) Layout of the 96-well plate for LOPAC1280 high-throughput screening. Wells in rows A-D have no
luciferin coating. U87-Luc cells and luciferin were added simultaneously and cell growth was monitored. Bottom of wells in
rows E-H were coated with luciferin. U87-Luc cells alone were added and the bioluminescent signals could be detected only if
the cells invade the Matrigel and reached the bottom of wells. Columns 10-12, rows D and H, control cells treated with 0.1%
DMSO; Other wells, cells treated with LOPAC1280 compounds (10 uM). Relative luciferase activity of the control was defined
as 100% and measurements from other wells were calculated accordingly. For each 96-well plate, 15 compounds were evaluated
for their activity in GBM cell growth and invasion. (B) Results: 1,280 compounds were screened in triplicate, leading to an initial
list of 25 active compounds, of which ten were subsequently validated in traditional assays. The ten validated compounds and
their effects on U87-Luc cell growth and invasion as evaluated by the high-throughput screening are shown in (C). Values in bar

graphs represent mean + S.D. of three independent experiments. * p < 0.05 vs. control. Four (i.e., 6-nitroso-1,2-benzopyrone,

S-(p-azidophenacyl) glutathione, phenoxybenzamine hydrochloride, and SCH-28080) of the ten validated compounds were

identified as novel inhibitors of GBM cell growth and invasion. Their chemical structures are shown in (D).
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USA).
2.4. Cell invasion assay

Cell invasive capacity was evaluated by 24-well
Matrigel™ Invasion Chamber according to the
manufacturer's instructions (BD Biosciences). Briefly,
25,000 US7MG or U251MG cells in 500 pL. medium
containing active compounds at different concentrations
were added in triplicate to the inserts and incubated for
24 h. After the removal of non-invading cells with a
cotton swab, cells on the lower surface of the membrane
were stained with a Diff-Quik stain kit (Dade-Behring,
Newark, DE, USA). Cells were counted in five chosen
microscope fields in each well and the results were
numerically averaged. Cell invasion was calculated
according to the manufacturer's manual.

2.5. Cell migration assay

Cell migration was examined by wound-healing assay
as described previously (/0). Relative migration
distance was quantified by measuring the advance of
the two opposing wound edges at 0 h and 12 h using
Slidebook software (Intelligent Imaging Innovations,
Inc., Denver, CO, USA).

2.6. Statistical analysis

Data are presented as the mean + S.D. Statistical
significance was determined by one-way ANOVA,
followed by Dunnett's post-hoc test. All tests were
2-sided and a value of p < 0.05 was considered
significant. Statistical analyses were performed using
GraphPad Prism for Windows (Graphpad Software, San
Diego, CA, USA).

3. Results

3.1. High-throughput screening for novel inhibitors of
GBM cell growth and invasion of LOPAC1280

As an initial step to discover novel potential compounds
against GBM, 1,280 pharmacologically active compounds
from 56 pharmacological classes were quantitatively
assessed for their effects on GBM cell growth and invasion
at a concentration of 10 uM (Figure 1A). Assay quality was
evaluated using Z'-factors (see Materials and Methods).
A Z'-factor of 1 is considered ideal; a Z'-factor between
0.5 and 1.0 represented excellent assays (9). For the
screen plates, an average Z' factor of 0.513 was obtained,
indicating that the assay was acceptable for cell-based
screening (/7). Outlier wells caused by plate preparation
misdispensing were not included in the analysis.

The high-throughput screening of LOPAC1280
resulted in an initial identification of 25 inhibitors
(Figure 1B). As will be shown below, ten of them
were validated in traditional cell growth, invasion and
migration assays. They belong to several pharmacological
classes, suggesting that these classes should be paid more
attention to in the development of therapies for GBM.
It is gratifying that carmustine, -OMe-Tyrphostin AG
538, (—)-perillic acid, 13-cis-retinoic acid, vincristine
sulfate, and Taxol, which had been studied in preclinical
experiments, evaluated in clinical trials, or used in
clinical as chemotherapeutic agents for tumors including
GBM (see Discussion for details), were identified in
our screening (Table 1). The other four, i.e., 6-nitroso-
1,2-benzopyrone, S-(p-azidophenacyl) glutathione,
phenoxybenzamine hydrochloride and SCH-28080, had
not been implicated in GBM cell behaviors and were
therefore identified as novel potential anti-GBM agents
(Table 1, Figure 1D).

Table 1. Potential hit compounds from LOPAC1280 high-throughput screening

LOPAC Cat. # Name of compound

Pharmacological class

Activity

C 0400 Carmustine DNA

T 7697 I-OMe-Tyrphostin AG 538 Phosphorylation

P 7083 (-)-Perillic acid G protein

R 3255 13-cis-Retinoic acid Transcription

V 8879 Vincristine sulfate Cytoskeleton and ECM
T 7402 Taxol Cytoskeleton and ECM
N 8403 6-Nitroso-1,2-benzopyrone Transcription

A1782 S-(p-Azidophenacyl) glutathione ~ Multi-drug resistance
B-019 Phenoxybenzamine hydrochloride Adrenoceptor

S 4443 SCH-28080 Ion channels

DNA alkylating agent; causes interstrand crosslinks

Insulin growth factor 1 (IGF-1) receptor protein tyrosine kinase
inhibitor

Interferes with activity of p21 ras and other small G proteins by
inhibiting post-translational cysteine isoprenylation
Anti-inflammatory and antitumor actions mediated through RAR-
beta and RAR-alpha receptors

Inhibitor of microtubule assembly

Antitumor agent; promotes assembly of microtubules and inhibits
tubulin disassembly process

Poly (ADP-ribose) polymerase (PARP) ligand which preferentially
destabilizes one of the two zinc-fingers, inactivating the enzyme
Glyoxalase and glutathione S-transferase inhibitor

Selective alpha adrenoceptor blocking agent; calmodulin antagonist

Potent inhibitor of gastric H' and K'-ATPase.
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3.2. Effects of the active compounds on GBM cell
growth

A traditional cell viability assay (MTS assay) was
performed to achieve a dose-response evaluation of
the active compounds in two GBM cell lines, U§7MG
and U251MG. The concentration used in the primary
screening was 10 pM (see Materials and Methods).
In this part, a concentration ranging between 0.01
and 100 uM was applied (Figure 2). All the four
compounds caused a dose-dependent inhibition of
GBM cell growth, although the degree of inhibition
varied.

3.3. Effects of the active compounds on GBM cell
invasion

The invasive potential of GBM cells was tested using
a Matrigel cell invasion assay and effects of the four
novel inhibitors are shown (Figure 3). Compared to the
control, 1 uM 6-nitroso-1,2-benzopyrone, 1 uM S-(p-
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reduced the invasion of U87MG cells to 79.8%, 65.2%,
48.6%, and 52.9%, respectively. A similar result was
obtained in U251MG cells.

3.4. Effects of the active compounds on GBM cell
migration

Additionally, we examined whether the reduced
invasiveness of GBM cells caused by the hit
compounds was accompanied by reduced cell motility.
A cell migration assay (wound healing assay) was
employed (Figure 4). As shown, compared to the
control, 1 uM 6-nitroso-1,2-benzopyrone and 1 pM
S-(p-azidophenacyl) glutathione significantly reduced
U87MG cell migration to 86% and 80%, respectively.
When treated with 10 uM phenoxybenzamine
hydrochloride or 10 uM SCH-28080, U7MG cell
migration was reduced to 72% or 82%, respectively.
The decreases in U251MG cell migration were also
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Figure 2. Dose-response curves displaying the activity of the four active compounds in GBM cells. Two GBM cell lines
(US7MG and U251MG) were treated with various concentrations of 6-nitroso-1,2-benzopyrone (A) S-(p-azidophenacyl)
glutathione (B) phenoxybenzamine hydrochloride (C) and SCH-28080 (D) for 24 h. Cell growth was measured by MTS cell
viability assay. Cell viability was calculated as the ratio of the corrected absorbance value of the treated cells to that of untreated
control cells. The results are presented as mean = S.D. of three independent experiments.
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significant. In other words, as expected, all four
compounds caused a statistically significant reduction
in the cell migration.

Parallel experiments for evaluating effects of
different concentrations of DMSO (used in this study)
on GBM cell proliferation, invasion, and migration
were performed to rule out the possibility that DMSO
might have subtle effects on GBM cell behaviors.
No significant difference was observed after DMSO
treatment in each experiment (data not shown).

4. Discussion

Mechanisms underlying GBM cell proliferation,
invasion, and migration are very complicated.
Regulators of these biological behaviors, which hold
the promise of effective therapeutic approaches for
treating GBM, still have not been well defined. In this
study, all compounds of the LOPAC1280, which is a
versatile library including the latest drug-like molecules
in the fields of cell signaling and neuroscience, and
reflects the most commonly screened targets in the
drug discovery community, were evaluated in the
primary screening assay. The four newly identified
potential anti-GBM compounds come from distinct
pharmacological classes, some of which have never
been implicated in tumor cell behaviors suggesting that
these classes may be involved in diverse biological
processes of GBM. Other unrevealed compounds from
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these classes may also be worth noting in terms of their
anticancer effects.

In this study, ten validated active compounds were
obtained, of which six have been previously reported
to be implicated in GBM cell behaviors (Table 1).
Carmustine is a DNA alkylating agent and causes
interstrand crosslinks, and it has long been used as a
treatment for GBM (/2). [-OMe-Tyrphostin AG 538
is an insulin growth factor 1 (IGF-1) receptor (IGF-
IR) protein tyrosine kinase inhibitor. IGF-1 has been
well discussed in GBM (/3), and targeting IGF-1R
has been studied as a treatment option for GBM (74).
(—)-Perillic acid is a metabolite of perillyl alcohol
(POH), which has shown a therapeutic anticancer effect
and is currently under phase I and II clinical trials for
human cancers including GBM (175, 16). 13-cis-Retinoic
acid (cRA) has antitumor actions mediated through
RAR-beta and RAR-alpha receptors, which has long
been evaluated and has shown therapeutic effectiveness
in clinical trials in treatment of brain tumors (/7).
Vincristine sulfate and Taxol, both from the class of
cytoskeleton and ECM, are being clinically evaluated
alone or combined for use against gliomas (/8,79). The
identification of these compounds is gratifying and
may help validate this screen as an effective means to
identify compounds that regulate GBM cell behavior.
Moreover, the therapeutic effects of these compounds
in clinical studies suggest that the four newly identified
compounds in our study (i.e. 6-nitroso-1,2-benzopyrone,
S-(p-azidophenacyl) glutathione, phenoxybenzamine
hydrochloride, and SCH-28080), might benefit patients
with GBM and are therefore worth further study (Table
D).

6-Nitroso-1,2-benzopyrone is a poly(ADP-ribose)
polymerase (PARP) ligand that has been reported to
suppress proliferation of leukemic and other malignant
human cells (20), while few studies have focused on its
effect on GBM cell behavior.

S-(p-Azidophenacyl) glutathione is a glyoxalase
and glutathione S-transferase (GST) inhibitor. It has
been reported that blockage of glyoxalase resulted in
an inhibition of proliferation of human leukemia cells
(21). GSTs have been implicated in the development
of drug resistance (22), and may be responsible for
poor response to alkylating agents in GBM treatment
(23). In this study, the effects of S-(p-azidophenacyl)
glutathione on GBM cell behavior were examined for
the first time.

Phenoxybenzamine hydrochloride is a selective
alpha adrenoceptor blocking agent as well as a
calmodulin antagonist. The alpha adrenoceptor
antagonist has been extensively studied in human
prostate cancer and shown to be involved in cell
cycle arrest and apoptosis (24), whereas it has
rarely been studied in GBM cells. Based on the
distribution of alpha-adrenoceptors in the human
central nervous system, our findings are of concern

(25). Besides, phenoxybenzamine hydrochloride also
reacts irreversibly with calmodulin (26), which has
been shown to play roles in astrocytoma cell growth
(27). In this connection, our finding of the effects
of phenoxybenzamine hydrochloride in GBM cell
behavior is attractive.

SCH-28080 is a potent inhibitor of gastric H'-
and K'-ATPase, which was considered to exert its
antisecretory effect by a competitive interaction with
the high affinity K -site of the gastric ATPase (26).
It has been shown to inhibit basal and stimulated
aminopyrine accumulation in isolated gastric glands,
and to cause relaxation of human airway smooth
muscle (29,30). Here SCH-28080 exhibited antitumor
activity against GBM in vitro, whereas the underlying
molecular mechanisms still need to be elucidated.

The four active compounds, which have not been
previously implicated in GBM cell behavior, are all
shown in our study to exert inhibitory effects on GBM
cell growth and invasion. This favorable result allows
them to be further studied as novel potential therapeutic
agents against GBM.

It should be mentioned that although these
compounds showed favorable effects on GBM cells in
vitro, there is still a long way to go before they benefit
patients. Their pharmacokinetic and pharmacodynamic
activities need to be addressed, and their effectiveness
crossing the blood-brain barrier and delivery to a
brain tumor area are of vital concern (37). Good
news is that scientists have never stopped devising
innovative approaches to circumvent these obstacles,
and strategies for increasing drug delivery are being
discovered (32). These agents also need further
investigation for their cancer-specific action because
the toxicity of anticancer agents against normal cells
is still one of the major challenges in cancer treatment
(33). While these uncertainties could not stop this
study from providing starting points for anti-GBM
drug discovery and design.

In summary, via a high-throughput screening,
from an annotated compound library, we identified
four novel small-molecule inhibitors of GBM cell
growth and invasion, with an attempt to provide useful
therapeutic leads for GBM treatment. Currently, these
four active compounds are being investigated in our
laboratory to explore the underlying mechanisms, and
their anti-tumor effects are also being evaluated in an
intracranial GBM xenograft model. The results will be
reported in detail elsewhere.
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Summary Rhizoma Paridis (dried root and rhizome) has been an essential ingredient in traditional
Chinese herbal medicine. In the past decade, active components of Rhizoma Paridis —
the Paris saponins have emerged as promising anti-cancer agents. Among these saponins,
polyphyllin D (Paris saponin (PS) I), has been extensively studied and proposed to be a
potent antitumor agent. In this study, we continue to establish the efficacy and mechanisms
underlying the cytotoxic effects of the steroidal PS members, namely formosanin C (PSII) in
ovarian cancer treatment. We isolated PSII and evaluated its effects on a panel of ten human
cell lines. Isolated PSII has potent inhibitory effects on the growth of tumor cells without
deleterious effects to different normal cell types or benign neoplastic derived cells. While PSII,
PSI, and etoposide are effective promoting agents for cell cycle arrest and apoptosis, PSII
appeared to be marginally more potent than the later two in inhibiting SKOV3 cell growth.
In PSII-treated SKOV3 cells, there was an elevation in proapoptotic elements including Bax,
cytosolic cytochrome c, activated-caspase-3, and activated-caspase-9. The treatment also
reduced extracellular signal-regulated kinase (ERK1/2) phosphorylation and anti-apoptotic
Bcl-2 expression. We also assessed the antitumor efficacy of intraperitoneal administration
of PSII in human SKOV3 ovarian cancer xenografts in athymic mice. PSII treatment
significantly inhibited the growth of xenograft tumors relative to controls by 70% (p < 0.05).
These findings demonstrated that, in addition to the unique selectivity against cancer cells,
PSII is a potent antitumor molecule that may be developed as a cancer therapeutic agent.

Keywords: Asian medicine, cancer, Chinese/Oriental medicine, gynecology, mitogen-activated
protein kinase

1. Introduction polyphylla Smith var. yunnanensis (Franch.) Hand.-Mazz.,
has been an essential ingredient of traditional Chinese
medicine. Rhizoma Paridis can be found in herbal
medicines used to treat diseases and conditions including
microbial infection, hemorrhage, menometrorrhagia,

and venomous poison (/-4). The main constituents of

Since ancient times, Rhizoma Paridis, a stem of Paris
polyphylla Smith var. chinensis (Franch.) Hare or Paris
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Rhizoma Paridis are the steroidal saponins, a family of
glycosides with a chemical structure that contains either
a steroid or a triterpenoid attached via C3 and an ether
bond to a sugar side chain (5-/0). Because of the crucial
roles of Rhizoma Paridis in traditional herbal medicines,
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the pharmacologically active components of Rhizoma
Paridis, i.e., saponins, have been isolated. Phytochemical
and pharmacological studies have further unlocked a
novel therapeutic role as an anticancer agent for these
steroid saponins (6,1/-17). Interestingly, like several other
traditional herbal products that have gradually been used
in conjunction with modern medicine in cancer treatment
(18), evidence-based research into the mechanism
underlying the cytotoxic effects of Paris saponin (PS)
remains undefined.

Thirty saponins of the diosgenyl saponin (R1 =
H), pennogenyl saponin (R1 = OH) and the prototype
saponin sub-group have hitherto been identified from
the stem of Rhizoma Paridis (/9,20). Preliminary
screening studies of the isolated saponins from the
crude extract of Rhizoma Paridis suggested that
steroidal saponins, including Paris Saponin I (PSI) and
IT (PSII), also known as polyphyllin D and formosanin
C, respectively, exhibit comparable inhibitory effects
against tumor cell growth. While PSI has been
extensively studied for its ability to inhibit tumor
growth (5,11,14,21,22), PSII has only recently emerged
as another potential antitumor agent (22,23). Hence, as
part of a concerted effort to characterize and develop
active constituents of traditional herbal medicines in
modern cancer treatment, in this study, we examine
the mechanism underlying the cytotoxic effects of
PSII and its putative antitumor properties. The effects
of PSII on cell viability were examined on ten human
cell lines and primary cell types. The mode of action
of PSII-induced cell death was further studied using
the SKOV3 cell growth model. We also assessed the
efficacy of PSII in an ovarian cancer tumor-bearing
mouse model. The results from our current experiments
not only establish the relationship between structurally
similar steroid saponins and antitumor cell proliferation
activity but also provide a promising lead for the use of
natural products in ovarian cancer treatment.

2. Materials and Methods
2.1. Materials

PSI and PSII were obtained from the Department
of Pharmacology at Sichuan University (Chengdu,
Sichuan, China). PSII was purified as previously
described (/9). Briefly, PSII was isolated from
Rhizoma Paridis using a silica gel, macroporous
adsorption resin, Sephadex LH-20, and RP-C18 column
chromatography. The structure of PSII was determined
by electrospray ionization mass spectrometry and 'H
and "C nuclear magnetic resonance spectral analysis
(24). Etoposide (VP16) and B-actin antibody were
purchased from Sigma Chemical Co. (St. Louis,
MO, USA). Primary antibodies Bcl-2, Bax, ERK1/2,
phospho-ERK1/2 (Thr202/Tyr204), cytochrome c,
caspase-3, and caspase-9 were obtained from Santa

Cruz Biotechnology Inc. (Santa Cruz, CA, USA).
2.2. Cell lines and cell culture

SKOV3, a human ovarian cancer cell line; Caski, a
cervical epitheloid carcinoma cell line; A549, a human
lung adenocarcinoma cell line; HepG2, a hepatocellular
carcinoma cell line; SiHa, cervical carcinoma cell
lines; and HEC-1A, an endometrial carcinoma cell
line; all were purchased from the American Type
Culture Collection (Rockville, MD, USA). An ovarian
surface epithelial cell (OSE) line, human vascular
smooth muscle cells, human bronchial cells, and human
meningeal cells were obtained from Sichuan University,
China. Cells were cultured using RPMI-1640 medium
(Gibco BRL, Life Technologies Gaithersburg, MD,
USA) supplemented with 10% fetal bovine serum (FBS)
(HyClone, Logan, USA) at 37°C in 5% CO.,.

2.3. PSII treatment and determination of cell survivability

Cells were seeded at a density of 5 x 10° per well
in 96-well tissue culture plates for 12 h prior to
treatment. Carrier DMSO (< 0.1%) was used as a
negative control. Viability was examined using the
3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium
bromide (MTT; Sigma, USA) assay (5). Dose- and
time-dependent curves of PSII-treated cells were
generated. The cytotoxic effects of tested agents were
expressed as the 50% inhibiting concentration (ICs)
or total growth inhibiting concentration (TGI). SPSS
software version 13.0 (SPSS Inc., China) was used to
calculate I1C;, and TGI.

2.4. Transmission electron microscopy (TEM)

SKOV3 cells were treated with 10 uM PSII for 24 h.
Harvested cells were then fixed in 5% glutaraldehyde
and 3% paraformaldehyde, dehydrated in an ascending
acetone series, embedded in PolyBed 812 resin, sectioned
into ultra-thin longitudinal sections, and imaged using
a transmission electron microscope (JEOL 1010, Jeol,
Tokyo, Japan) as previously described (25).

2.5. Flow cytometry analysis

SKOV3 cells were treated with PSII at various
concentrations (1 pM, 5 uM, 10 uM, and 20 pM)
or with 10 uM PSII and were harvested at different
time points (0, 24 h, and 48 h). Cells were labeled
with propidium iodide (PI, 50 pg/mL, Sigma, USA)
for 30 min at room temperature in the dark and the
DNA content was determined by flow cytometry
after filtration with a 300 dialyzer (FACSort, Becton
Dickinson, San Jose, CA). Cell apoptotic incidence
and distribution of the cell cycle were analyzed using
CellQuest software (Becton Dickinson, CA, USA)
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and ModFit software (Verity Software House, USA).
Experiments were conducted in triplicate.

2.6. Terminal deoxynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) assay

Cells were allowed to grow on cover slides pretreated
with poly-(L)-lysine for 12 h prior to PSII treatment.
The cell layers were fixed with 4% paraformaldehyde
solution for 15 min at room temperature, washed with
phosphate buffered saline (PBS), and then permeated
with permeabilization solution (Triton X-100, 0.1% and
sodium citrate) at 4°C for 2 min. SKOV3 cell samples
were labeled with the TUNEL reaction mixture for 1 h
at 37°C according to the manufacturer's protocol (Roche
Applied Science, USA). Apoptosis was determined
as the percentage of TUNEL positive cells per 1,000
DAPI-stained nuclei. Images were recorded using
fluorescence microscopy (Confocal Scanning Laser
Microscopy, Leica TCS4D, Germany) (26).

2.7. Western blotting analysis

SKOV3 cells were treated with PSII for 24 h. Harvested
cells were collected to determine the apoptotic index
and subsequently subjected to Western blot Analysis.
Briefly, whole cell lysates were obtained using RIPA
Buffer (Sigma, USA) and the protein concentrations
were determined using the Bradford assay. Twenty
five micrograms of total proteins was resolved in
12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). Proteins of interest were
detected by Western blot using primary antibodies
(anti-Bcl-2 (1:1,000), anti-Bax (1:3,000), anti-ERK1/2
(1:2,000), anti-phospho-ERK1/2 (Thr202/Tyr204)
(1:2,000), anti-cytochrome ¢ (1:2,000), anti-pro-
caspase-9 (1:1,000), anti-caspase-9 (1:1,000), anti-
pro-caspase-3 (1:2,000) and anti-caspase-3 (1:2,000))
and HRP-conjugated secondary antibodies. Blots were
developed with enhanced chemiluminescence (ECL,
Pierce, USA) and exposed to X-ray film.

2.8. Immunochemical analysis

PSII-treated cells were fixed with 3-aminopropyl-
triethoxysilane at 60°C for 60 min. The paraffin sections
were treated with 0.3% hydrogen peroxide at room
temperature to block endogenous peroxidase activities
and incubated with 5% bovine serum albumin to prevent
nonspecific binding. Treated sections were exposed
to antibodies anti-Bcl-2 (1:100), anti-Bax (1:50), anti-
caspase-3 (1:100), and anti-caspase-9 (1:100). After being
processed, images of the stained slides were digitized to
obtain grey values using a CoolSnap Pro video camera
(Meyer Instruments, Houston, TX, USA) interfaced to an
Olympus BX2 microscope (Olympus, Center Valley, PA)
with a 20x magnification objective.

2.9. The effect of PSII in a xenograft model of ovarian
cancer

The model has been described previously (5). Briefly,
5 x 10° SKOV3 cells were injected subcutaneously
into 4- to 6-week-old female BALB/c athymic nude
mice (Chengdu Experimental Animal Center, Chengdu,
China) and the mice were randomly divided into 6
groups (n = 5). PSII and PSI dosages (15 mg/kg and
25 mg/kg) and schedules were established according
to preliminary toxicologic and pharmacokinetic studies
and from a previous study, respectively (5). One week
after implantation, treatment groups received their first
doses of either PSI or PSII dissolved in a vehicle solution
of DMSO (< 0.1%) and diluted in saline solution.
Administrations were carried out on 4 consecutive days
per week for 4 weeks (between day 8 and 35). Control
groups received the vehicle (DMSO, < 0.1%) in saline
solution. General clinical observations of the mice and
determination of body weight and tumor growth were
made twice weekly. Two perpendicular diameters of
the xenograft in centimeters were measured to estimate
the tumor mass using the formula (a x b%)/2. At the
termination of the study, all mice were euthanized using
carbon dioxide asphyxiation. All experiments were
conducted based on the guidelines of The Institute for
Nutritional Sciences (Shanghai, China).

2.10. Statistical analysis and reproducibility

The results were given as standard error of the mean.
SPSS software version 13.0 (SPSS Inc., China)
was used to calculate IC,,. Statistical analysis was
performed using the Student's ¢ test. p < 0.05 was
considered significant.

3. Results

3.1. Treatment with PSII inhibits the growth of human
tumor cell lines

Figure 1A shows the chemical structural similarity
between PSI and PSII. Cell survival curves of the six
cancer cell lines (A549, CASki, SiHA, HepG2, HEC-
1A, and SKOV3) after exposure to PSII (10 uM) for 4
days show < 50% cell survival compared to nontreated
groups. Specifically, the ICy,s for PSII in tumor derived
cell lines Caski, SiHa, HEC-1A, SKOV3, A549, and
HepG2 were 5.7 uM, 3.7 uM, 2.1 uM, 2.4 uM, 4.0
puM, and 2.2 uM, respectively. We also assessed the
possibility of PSII to sensitize primary human cells from
different origins and benign neoplastic derived cells.
As shown in Figure 1B, the growth inhibitory property
of PSII is selectively against tumor derived cells.
PSII treatment did not suspend the growth of several
different normal cell types including human bronchial
epithelial cells, human vascular smooth muscle cells,
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Figure 1. PSII inhibits tumor cell proliferation. (A) The structure of Paris saponin II (PSII), including an a-L-rhamnopyranosyl
group at C-2 of the glucosyl moiety that plays an important role in the activity of PSII. The a-L-arabinofuranosyl and B-b-
glucopyranoside at C-4 of the inner glucosyl moiety have limited roles. The chemical structure of PSI and etoposide are included.
(B) Different cell lines were treated with PSII for 4 days. Cell viability was determined by MTT assay. PSII does not have any
effect on the survival of normal human meningeal, human vascular smooth muscle, or human bronchial cells. PSII has marginal
inhibitory effects on the growth of immortalized ovarian surface epithelial (OSE) cells. In contrast, PSII decreases cell viability of
tumor derived cell lines: HEC-1A, A549, HepG2, SKOV3, Caski, and SiHa. Error bars represent standard error of the mean (SEM)

(n = 3). (C) Dose-effect curves for PSII, PSI, and etoposide on the SKOV3 cell line for 1, 3, 5, and 7 days.

group; A p <0.05, vs. VP16 group.

and human meningeal cells. Interestingly, we still
observed a marginal growth inhibitory effect on the
immortalized OSE cell line known to develop sporadic
chromosome instability (27). Since our primary interest
is ovarian cancer, SKOV3, which exhibited the most
sensitivity toward PSII treatment, was further studied.
The kinetic study demonstrated that PSII treatment
inhibits SKOV3 cell growth in a dose- and time-
dependent manner. At a concentration of 10 uM, the
inhibition index of PSII after 7 days treatment was at
a remarkable rate of 90.0% compared to PSI (80.3%)
and etoposide (69.2%), a known cytotoxic agent. After
a 24-hour treatment, the 1C5, and TGI values of PSII
on treated SKOV3 cells were 2.4 uM and 6.3 pM,
respectively compared to those of PSI (3.1 uM and 9.3
uM) and etoposide (3.2 uM and 9.7 uM) (Figure 1C).
The results demonstrate potent inhibitory effects on the

*p <0.05, vs. day 1

growth of tumor cells without deleterious effects on
different normal cell types or benign neoplastic derived
cells of PSII. However, most interestingly, while having
marked structural similarities, PSII seemed to render
better growth inhibitory effects than PSI on SKOV3
cells at the same concentration and time point.

3.2. Characterization of PSII-induced apoptosis in solid
tumor cells

To understand the nature underlying PSII's effects on
tumor cells' viability, we examined structural changes
of treated SKOV3 cells. Tumor cells treated with PSII
(10 uM) displayed morphological changes as early as
4 h after initial exposure. After 12 h of PSII treatment,
cells shrunk and ensued cell detachment from the culture
surface at 24 h suggesting on-going induction of anoikis
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(Figure 2A). Ultrastructural electron microscopy analysis
of SKOV3 cells demonstrated morphological changes
characteristic of apoptosis such as membrane blebbing,
fragmentation with apoptotic bodies, swelling of
organelles and nuclear condensation (Figure 2B). DNA
fragmentation assays showed oligonucleosomal DNA
ladders in PSII-treated cells (data not shown), a typical
characteristic of cells undergoing apoptosis, confirming
that PSII induced apoptosis in SKOV3 cells. The results
were complemented by TUNEL staining studies showing

A Untreated

C

TUNEL
TUNEL
DAPI
Control + - -
PSII (uM) - + +
DMSO 1uM 5uM

PSI treated PSII treated

10uM

an increased percentage of TUNEL positive cells in a
concentration dependent manner. Particularly, at 5 uM
and 10 pM, PSII induced distinctly high percentages of
TUNEL-positive cells (Figure 2C).

To further characterize cell death induced by PSII,
the relative portion of DNA contents were assessed by
cell cycle analysis by propidium iodide staining using
flow cytometry. SKOV3 cells treated with either various
concentrations (1 uM, 5 uM, 10 uM, and 20 uM) for 24
h or with 10 pM of PSII for multiple time courses (0 h,
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Figure 2. (A) Phase contrast images were recorded at 40x magnification using an Olympus BX60 upright microscope showing
PSII (10 uM) and PSI (10 pM) induced morphology changes in A549, SKOV3, CasKi, HepG2, and SiHa cells after a 24
h treatment. Untreated cells (only exposed to DMSO (< 0.1%) in saline) were used as controls. (B) Transmission electron
microscopy of SKOV3 cells treated with PSII (10 uM) for 24 h (lower panel). Images were recorded at 5,000 magnification
using a transmission electron microscope. Displays show structural changes in treated cells compared to control (upper panel).
(C) SKOV3 cells were treated with different concentrations of PSII and labeled with TUNEL and DAPI after 24 h. Images of
random fields (n = 10) per slide (n = 3) were collected at 400%. Data is presented as the percentage of TUNEL positive cells (green
fluorescence) per total number of treated cells (blue-DAPI staining) (* p < 0.05, ** p < 0.01, compared to control). Representative
figures of treated cells labeled for TUNEL and counterstained with DAPI are shown.
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24 h, 48 h, 72 h) were subjected to analysis. The results
indicated PSII treatment induced SKOV3 cell death in a
concentration- and time-dependent manner (Figures 3A
and 3B). While concentration dependent studies showed
only a marginal percentage of cell death after 24 h of
PSII (10 uM) exposure, cell cycle analysis indicated a
marked increase in the cell population trapped in the
G, phase as compared to those of the control group.
However, cell death was more evident at and after 48
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h of treatment (22.1% compared to 2.2% at time 0)
(Figures 3C and 3D). Together, the results suggest that
PSII treatment caused cell cycle arrest and apoptosis.

3.3. PSII activates the apoptotic pathway and targets
ERK activity

In a previous study, PSI has been shown to activate
the mitochondrial apoptotic pathway (5). Thus, to
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Figure 3. FACS analysis for apoptotic incidence. Special Ap peaks illustrate the characteristics of the cell population
committed to apoptosis. (A) SKOV3 cells were treated with different concentrations of PSII for 24 h. The bar chart demonstrates
percentage of apoptotic incidence compared to control. (B) SKOV3 cells were treated with PSII (10 uM) and were analyzed
for percentage of apoptotic incidence at different time points. The bar chart summarizes the results as percentage of apoptotic
incidence compared to control. (C) PSII induces G,/M phase arrest in SKOV3 cells in a concentration dependent manner. The
SKOV3 cells were treated with different concentrations of PSII (0, 1 uM, 5 pM, and 10 pM) for 24 h and subsequently labeled
with propidium iodide staining and analyzed using fluorescence-activated cell sorting analysis. The bar chart summarizes the
results as percentage of cells in the G,/M phase. (D) PSII induces G,/M phase arrest in SKOV3 cells. SKOV3 cells were cultured
with or without PSII (10 uM) for 0, 24 h, and 48 h. All treated cells were stained with propidium iodide and analyzed using
fluorescence-activated cell sorting analysis. The bar chart shows the percentage of cells in the G,/M phase. Error bars represent
standard error of the mean (SEM) (n =3) (p < 0.05 and p < 0.01, compared to control to be considered as significant).
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Figure 4. PSII induces caspase activation and cytochrome c release and inhibits ERK1/2 phosphorylation in treated
SKOV3 cells. (A) Western blot analysis for SKOV3 cells treated with different concentrations of PSII for 24 h. DMSO (<
0.1%) diluted in saline was used as a control. f-Actin was used as a loading control. M-cytochrome c-mitochondrial cytochrome
¢ and C-cytochrome c-cytosolic cytochrome c. (B) Densitometric analysis was performed for Bcl-2, Bax, active caspase-9,
and active caspase-3. Values were normalized to B-actin, * p < 0.05, compared to control. (C) Sections were analyzed by
immunohistochemistry for Bax, Bcl-2, caspase-3, and caspase-9. (D) Quantification using immunohistochemical staining for Bax,
Bcl-2, caspase-3, and caspase-9. Data are presented in arbitrary values (n = 3, “ p < 0.05, compared to control). (E and F) Paris
saponins (PSI and PSII) inhibit tumor growth in a xenograft model of ovarian cancer. Mice were implanted with 5 x 10° SKOV3
cells on day 0 and were randomly divided into various treatment and control groups (n = 5). Eight days after implantation, tumor-
bearing mice were treated according to the protocols. Briefly, tumor-bearing mice were treated with PSI, PSIL, or received the
vehicle (DMSO, < 0.1%) in saline solution by intraperitoneal administration for 4 weeks, 4 consecutlve days per week with
two different doses of either PSI or PSII, 15 mg/kg or 25 mg/kg. Columns, mean; bars, S.D., * p < 0.05, * p < 0.05, compared to
control.
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understand the nature of PSII-induced apoptosis
on SKOV3 cells, we examined changes in the
constituents of the mitochondrial apoptotic pathway.
As shown in Figure 4, 24 h PSII treatment led to
the expression of proapoptotic protein Bax and the
activation of apoptotic proteins such as caspase-3
and caspase-9 in a concentration manner evident by
a gradual disappearance of intact pro-caspase-9 and
pro-caspase-3 and appearance of proteolytic cleavage
bands (Figures 4A and 4B). We also detected increased
levels of cytosolic cytochrome ¢ and decreased levels
of mitochondrial cytochrome ¢ in a concentration
dependent manner. In contrast, anti-apoptotic Bcl-2
protein levels were markedly reduced in cells being
treated with PSII at a concentration as low as 5 uM.
Immunochemical studies also confirmed similar
observations showing that PSII treatment reduced Bcl-
2 expression levels while promoting the expression
of Bax and the activation of caspase-3 and caspase-9
(Figures 4C and 4D). Since inhibition of the mitogen-
activated protein kinase pathway (MAPK pathway)
has been shown to be associated with induction of
apoptosis in tumor cells with growth inhibition (2§-
30), to determine whether PSII treatment inhibits
tumor cell growth by modulating survival signaling,
we also examined the activation status of ERK1/2.
As we expected, although PSII treatment did not alter
the expression levels of total ERK1/2, prominent
reduction of phosphorylated ERK1/2 was observed as
we increased the exposure concentration of PSII from
1 uM to 10 pM.

3.4. PSII inhibits tumor growth in a xenograft mouse
model

To further characterize the antitumor properties of PSII,
we assessed its antitumor efficacy in a well established
xenograft mouse model of ovarian cancer. Both PSI and
PSII did not induce any apparent acute toxic effects in
treated mice. Most intriguing, as shown in Figure 4E,
PSI and PSII treatment significantly delayed tumor
growth. As we have shown that although both PSI and
PSII have the same range of efficacy, PSII appeared to
be marginally more potent than PSI. We observed the
same pattern in the in vivo study. At the termination
of the experiment, we found that intraperitoneal
administration of PSII and PSI at 15 mg/kg and 25 mg/
kg dosages led to a 46% and 70% and a 40% and 64%
tumor growth inhibition, respectively, compared with
that in control mice treated with vehicle solution of
DMSO (< 0.1%) diluted in saline solution (p < 0.05).
However, at a dosage of 15 mg/kg, the antitumor effect
of PSII appeared to reach a plateau after 26 days of
treatment despite the additional 2 cycles of treatment. In
contrast, at the higher dosage (25 mg/kg), the additional
cycles of treatment seemed to be beneficial as PSII
inhibited 70% tumor growth at day 47 compared to
60% at day 26.

4. Discussion

In attempting to characterize the antitumor effects
of active constituents of traditional herbal medicine
with diverse therapeutic potential, PSII was isolated
from Rhizoma Paridis and characterized (37,32). At
the time of this writing, eleven steroidal saponins of
Rhizoma Paridis have been identified, namely Paris V
(3-O-Rha(1—2)-Glc), polyphyllin C (3-O-Rha(1—3)-
Glc), PSI-polyphyllin D (3-O-Rha(1—2)[Ara(1—4)]-
Glc) (14,33-36), PSII-formosanin C (3-O-Rha (1—4)-
Rha(1—4)[Rha(1—2)]-Glc), prosapogenin B of
dioscin (3-O-Rha(1—4)-Glc), Paris saponin V (PSV)
(3-O-Rha(1—3)[Ara(1—4)]-Glc), Paris saponin VI
(PSVI) )(3-O-Rha(l—4)[Ara(1—3)]-Glc), Paris
saponin III (3-O-Rha(1—4)[Ara(1—2)]-Glc), gracillin
(3-0-Rha(1—-2)[Glc(1—3)]-Glc, polyphyllin E
(3-0-Rha(1—2)-Rha(1—4)[Rha(1—3)]-Glc), and
polyphyllin F (3-O-Rha(1—4)-Rha (1—3)[Glc(1—2)]-
Rha) (3,37). Over the past few decades, the therapeutic
properties of the diosgenin-steroid saponins sub-
group have been explored for treatments against
metabolic diseases, including hypercholesterolemia,
dyslipidemia, diabetes and obesity, inflammation,
and cancer (38). However, the field investigating the
antitumor properties of Paris saponin has only become
more active in the past five years. Multiple model
systems ranging from murine lung adenocarcinoma (22),
human colon adenocarcinoma grade II (/7), mouse
lung adenocarcinoma (23) to zebrafish embryos have
demonstrated that several Paris saponins can induce
programmed cell death, inhibit cell migration, and
inhibit tumor cell growth. Studies from our laboratories
have also unraveled PSI mechanisms of action on
ovarian cancer cells (3,24,33,36,39). While PSII and
PSI have remarkable chemical structural similarity, very
few studies have been conducted to explore the efficacy
and mechanisms underlying the cytotoxic effects of
PSII in cancer treatment.

In the present study, we examined the underlying
mechanism of action and the antitumor effects of
PSII in ovarian cancer cells because they are not
completely defined. We also attempted to develop PSII
as a systemic treatment strategy for ovarian cancer
that remains the fifth-leading cause of death by cancer
in the developed world and the most deadly of the
gynecologic malignancies (40). Here, we showed that
PSII selectively inhibits growth of tumor cell lines
but not non-neoplastic derived cell lines or normal
cell types with relative low 1Cs,s compared with those
of PSI. Similar to PSI, PSII appeared to be a more
powerful cytotoxic agent than etoposide. Cytotoxic
and inhibitory effects of PSII were time- and dose-
dependent. Increased concentrations of PSII ensued
showing increased levels of cell death signaling evident
by DNA fragmentation, the activation of caspase-9
and caspase-3, and reduced levels of active ERK1/2 in
treated cells.
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PSII treatment also altered the expression levels
of anti-apoptotic Bcl-2 and pro-apoptotic protein
Bax. Both Bax and Bcl-2 are among the important
regulators of cytochrome ¢ release from mitochondria;
the reduction of Bcl-2 levels promotes cytochrome
c release, leading to the activation of programmed
cell death. It is well known that cross-talk between
Bcl-2 and Bax is intimately linked to the fate of the
cell; Bax may block Bcl-2 activity and vice versa;
however, in certain instances, Bcl-2 and Bax function
independently to regulate cell death in an exclusive
manner. Data from the present studies seem to suggest
that PSII induced apoptotic cell death by modulating
the expression of both Bcl-2 and Bax. While further
studies will be necessary, the dramatic changes in
Bcl-2 expression levels corroborated with other clues
suggesting PSII may induce ER stress-induced cell
death. The first clue was evident from the occurrence
of several downstream signals upon PSII treatment
such as the collapse of mitochondrial potential (data not
shown) and the release of cytochrome c. ER stress often
triggers release of Ca”" and induces activation of the
apoptotic pathway involving collapse of mitochondrial
potential, permeabilization of the inner membrane and
release of cytochrome c¢ (41). Another clue came from
an observation that increased concentrations of PSII in
SKOV3 cell treatment resulted in the upregulation of C/
EBP homologous transcription factor (CHOP) protein
levels (unpublished data). CHOP is known to regulate
ER stress-induced cancer cell death (33) and suppress
Bcl-2 expression levels leading to a severe irremediable
endoplasmic reticulum stress (42,43). Here, PSII
treatment induced Bax expression in parallel with the
dramatic reduction of Bcl-2 expression in PSII-treated
tumor cells. While future studies will further determine
the nature of PSII-induced apoptosis in ovarian cancer
tumor cells, data from the present studies suggest that
PSII treatment affects the mitochondrial apoptotic
pathways. Indeed, these findings are supported by a
study by Lee et al. showing PSII-formosanin C induces
mitochondria membrane potential collapse and the
activation of essential components of the intrinsic
apoptosis pathway (/7).

In addition to activating the apoptotic pathway, PSII
also exerts its effect on ERK MAPK. The activation
of the MAP-ERK pathway often stimulates cell
differentiation, mitosis, and hypertrophy (44). In cancer,
key events in the cellular transformation process such
as proliferation, migration, and tumor development
have been linked to the activation of ERK1/2 signaling
and its role in relaying communication between growth
factor receptors and the cell nucleus (45). ERK MAPK
also phosphorylates caspase-9 at Thr125 resulting in
the inhibition of caspase-9 processing and caspase-3
activation (46). Therefore, the effects of PSII treatment
on ERK MAPK activation in a dose-dependent manner
accompanied with increased levels of activated caspases

further suggests that PSII elicits its inhibitory effects
via modifying ERK activities.

We also demonstrated that PSII has a potent
antitumor activity. In a comparative study (23), PSII
appears to be more effective in inhibiting tumor growth
and pulmonary metastasis than cisplatin in a T739
bearing LA795 cells mice. Interestingly, this study
also showed that PSII appeared to be marginally more
potent than PSI, especially, at the higher dosage (25 mg/
kg). It appears that at the higher dosage (25 mg/kg), the
additional cycles of treatment seemed to be beneficial
compared to the PSI treatment. These results offer an
interesting observation that may allow us to develop a
strategy for a proper schedule for the administration of
PSI and PSII as single agent or in adjunvant therapy.
Of note, while Rhizoma Paridis has been used for
thousands of years, it is also reasonable to assume that
the bioactivity of Rhizoma Paridis is a synergistic effect
of multiple active constituents including PSI and PSII.

In conclusion, we have shown that PSII targets
tumor cells via multiple mechanisms including
modulating ERK1/2 activity, inducing cell-cycle arrest,
and activating the mitochondrial apoptotic pathway.
While the chemical structure of PSI and PSII are
markedly similar, the relative higher potency of PSII
suggests that further investigations into their structure-
functions and associated biological effects may have
value for improving the effectiveness of an anti-cancer
strategy in a clinical setting.
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Summary

Many studies have indicated that a variety of neurotransmitters are implicated in the
pathophysiology of Tourette syndrome (TS), including dopamine (DA), serotonin (5-TH),
homovanillic acid (HVA), and gamma-amino butyric acid (GABA). Our previous studies
found that Ningdong granule (NDG) is effective on a rat model with TS. NDG can
regulate the metabolic disturbance of DA, 5-TH and HVA in the rat brain. However,
the mechanisms of NDG in patients with TS are still not clear. To further evaluate the
efficiency, safety, and possible mechanisms of NDG, a randomized and double-blind study
was carried out. One hundred and twenty patients with TS were enrolled in thisstudy,
that were randomly divided into 4 groups (NDG group, Haloperidol (Hal) group, NDG
+ Hal group and Control group). First, the efficiency of NDG was assessed using the
Yale Global Tic Severity Score (YGTSS). Second, the concentration of DA, HVA, 5-TH,
5-hydroxyindoleacetic acid (5-HIAA) and GABA in sera were tested by ELISA. In
addition, the influence of NDG on liver and renal function was recorded. We found that
NDG could ameliorate tics significantly according the YGTSS score. The concentration of
HVA and GABA were increased after treatment with NDG. Furthermore, we found that
there was no liver or renal damage in children treated with NDG. We also found that the
NDG + Hal group was more effective and safe compared with other groups. In conclusion,
the current study indicates that NDG might be effective on patients with TS by regulating
dopamine (DA)/serotonin (5-TH) and gamma-amino butyric acid (GABA).

Keywords: Gilles de la Tourette-Syndrome (TS), Ningdong granule (NDG), dopamine (DA),
serotonin (5-TH), gamma-amino butyric acid (GABA)

1. Introduction

Tourette syndrome (TS) is a developmental
neuropsychiatric disorder, which is characterized
by multiple brief, stereotypical and nonrhythmic
movements, or vocalizations called tics, with a duration
of at least 1 year (/). The prevalence of this syndrome
is estimated to be four to six per 1,000 children and
adolescents (2). Initial symptoms of TS usually occur
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250021, China.
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in TS children by 7 years old (3). It occurs three to four
times more commonly in males than in females (4). For
some individuals, tics can cause lifelong impairment
and about 5% of TS patients have life-threatening
symptoms, which are defined as malignant TS (/). The
detailed etiological and pathophysiological mechanism
of TS is currently still unclear. Our previous studies
showed that the metabolic disturbance of DA, and 5-TH
in the brain was involved in the pathophysiology of TS
(5). Tian et al. found that at least some of these GABA-
and acetylcholine-related genes observed in blood
that correlate with tics or are alternatively spliced are
involved in the pathophysiology of TS and tics (6).
Haloperidol is approved by the Food and Drug
Administration (USA) for treating TS. It can selectively
inhibit the activity of postsynaptic DA receptors, and
inhibit the excitability of the cortical motor area through
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restraining the activity of DA receptors, to weaken TS
symptoms (7). Although Haloperidol is efficacious for
the treatment of TS, a very high proportion of patients
eventually discontinue the therapy because of the side
effects including sedation, weight gain, extrapyramidal
symptoms, and QT prolongation (&). Therefore,
development of novel drugs for treatment of TS is
urgently needed.

Traditional Chinese medicine (TCM) has been
widely used in the treatment of various diseases
such as nervous system disease, infectious diseases,
and cancer, in China for thousands of years (9-72).
Ningdong granule (NDG), a TCM preparation, has
been revealed to tranquilize and allay excitement in
TS and ADHD (/2-14) (Table 1). It could inhibit the
stereotypical behavior in TS rats, and the mechanisms
might be related to the suppression of the DA system by
increasing the content of HVA in sera, decreasing the
content of DA and repressing the expression of DRD2
mRNA in the striatum (/3). Besides, it also indicated
that NDG was effective for ADHD children in the short
term with increasing the HVA concentration in sera to
regulate DA metabolism (/4). However, the present
data are limited and there is a lack of a double-blind and
control trial, and the mechanism of NDG on TS patients
also remains obscure. In the current study, we evaluated
NDG's short-term efficacy and safety in the treatment
of TS patients and explored the possible mechanism
of NDG on the DA, 5-TH, and GABA system of TS
patients.

2. Materials and Methods
2.1. Participants

One hundred and twenty patients (6~18 years) were
recruited from the outpatient department of integrative
medicine in pediatrics, Provincial Hospital Affiliated
to Shandong University. All participants clearly met
the DSM-IV diagnostic criteria for TS (/5), and
participated in the clinical trial from May 2009 to June
2010. No participants had taken anti-TS medication
before being recruited for the research. In addition, we
excluded patients who had a past history of seizures,

cardiovascular disease, organic brain disorder, current
abuse or dependence on drugs within 6 months. After a
detailed explanation of the process of our study, both the
patients and their parents gave their informed consent.
All research procedures were permitted by the medical
ethics committee of the Provincial Hospital Affiliated to
Shandong University.

2.2. Study design

The study was performed using a randomized, and
double-blind, 8-week trial. The patients were equally
divided into NDG group (n = 30), Haloperidol group (n
=30), NDG + Hal (n = 30) and Control group (n = 30)
by a randomized computer-generated code. The NDG
group were assigned to receive NDG 5 mg/kg/day (No.
20090412, 999 Co. Ltd., Shenzhen, China) and one
kind of placebo with similar appearance and taste with
Haloperidol for 8 weeks. Patients in the Haloperidol
group were started at a dose of 0.75 mg/day and
increased by 1.5~3.0 mg/day increments every 2 weeks
to a maximum tolerated dose of 4.5 mg/day and one
kind of placebo with similar appearance and taste with
NDG (/6). The NDG + Hal group were assigned both
of them at the same dose. The control group were
assigned to receive the above two kinds of placebo.
These two kinds of placebo were provided by 999 Co.
Ltd., Shenzhen, China. All of the medicines were filled
by a pharmacist in charge who mastered the data of
treatment assignment and the weight and number of the
subjects in the trial.

2.3. The Yale Global Tic Severity Score analysis

As previously noted, the Yale Global Tic Severity Score
(YGTSS) (17), used as a Chinese-translated version
in the study, is a semi-structured clinical interview
designed to assess current tic severity. This scale yields
three summary scores, including total motor, total
vocal, and total tic scores. We rated the scores at the
first clinic visit as the baseline scores and then every
2 weeks vocal for a total of 8 weeks of follow-up. The
clinical rating at each visit was recorded by the same
clinicians to avoid personal bias in severity evaluation.

Table 1. Composition and active ingredients of Ningdong granule (NDG)

Components Voucher specimens No. Part used Amount used (g)
Uncaria rhynchophylla (Miq.) Jacks 0706011 Ramulus 20
Gastrodia elata Blume 0705081 Root 6
Ligusticum chuanxiong Hort 0704081 Rhizome 6
Buthus martensii Karsch 0704021 Dried body 3
Scolopendra subspinipes mutilans L. Koch. 0707021 Dried body Single band
Haliotis diversicolor Reeve. 0701041 Shell 20
Haliotis diversicolor Reeve. 0701041 Shell 20

Dried human placenta 0708021 Dried placenta 3
Glycyrrhiza uralensis Fisch. 0706011 Rhizome 3
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Table 2. Baseline of case data

Items Control (n = 28) Control (n = 28)

Haloperidol (n = 30)

NDG + Hal (n = 30) Statistical significance

Year (yr) 10.3+£1.9 102+1.7
Gender 22:6 22:7
weight (kg) 33.2+3.0 33.4+32

104+2.1
23:7 24:6 NS
33.1+33

10.3+£2.0 NS

332428 NS

Data are expressed as mean + S.D. NS: not statistically significant (p > 0.05).

2.4. Contents of DA, HVA, 5-TH, 5-HIAA and GABA in
sera detected by ELISA

The serum levels of DA, HVA, 5-TH, 5-HIAA and
GABA were measured using a sandwich enzyme-
linked immunosorbent assay (ELISA) according to the
instructions of the manufacturer (R & D, Shanghai,
China). Patient's blood was centrifuged for 10 min at
20,000 x g at 4°C and the serum was used for testing.
Briefly, antigen standards and serum samples were
added to each well of 96-well plates pre-coated with
primary antibodies. After adding biotin conjugate
reagent and enzyme conjugate reagent into each well,
the plates were incubated at 37°C for 30 min. The
plates were then rinsed four times with distilled water.
After a chromogenic reaction, the absorbance was
measured at 450 nm by a microtiter plate reader within
15 min.

2.5. Routine analysis and liver and renal function tests

All of the subjects' blood samples were collected and
sent for liver and renal function tests to the Department
of Clinical Laboratory, Provincial Hospital Affiliated
to Shandong University at end of the trial.

2.6. Statistical analysis

All analyses were performed using the SPSS statistical
software package (Version 13.0, SPSS Inc. Chicago,
IL, USA), and p < 0.05 was considered statistically
significant. The Yale Global Tic Severity Score from
baseline to week 8 was performed using a rank-sum
test. The values of routine analysis and liver and
renal function week 8 were compared using a paired
Student's f-test. Analyses of side effects between the
protocols were performed by Fisher's exact test. The
levels of DA, HVA, 5-TH, 5-HIAA and GABA in
sera were analyzed by repetitive-measure analysis of
variance (ANOVA).

3. Results

3.1. Study population

No significant difference was identified between NDG
group, Haloperidol group, NDG + Hal group and

Control group with regard to basic demographic data
including age, gender, and weight (Table 2).
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Figure 1. YGTSS score at (0, 2, 4, 6, and 8) week time
points. (A) YGTSS total score; (B) YGTSS motor score; (C)
YGTSS vocal score.

3.2. Assessment of Yale Global Tic Severity Scores

After treatment, patients in the control group had no
significant change in YGTSS motor tic score and
YGTSS vocal tic score as well as YGTSS total tic score,
at each time point (Compared with the baseline score, p
> 0.05). However, at the two week time point, patients in
the remaining three treatment groups, the YGTSS total
tic score, YGTSS motor tic score and as well as YGTSS
vocal tic score were significantly reduced (p < 0.05),
the scores of NDG + Hal group were more significantly
reduced (p < 0.01) (Figure 1).

3.3. Levels of DA and HVA in sera detected by ELISA

The content of DA in sera was not significantly
different in the four groups (p > 0.05). After treatment
the HVA content in the NDG + Hal (67.07 + 12.01
ng/mL), NDG (64.25 + 12.88 ng/mL) and Haloperidol
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group (60.88 £ 11.71 ng/mL) were increased to a
different degree as compared to the control group
(47.13 £ 7.58 ng/mL) (p < 0.05), The HVA content was
higher in the NDG + Hal group than in the NDG (p <
0.01) and Haloperidol (p < 0.05) group (Figure 2).

3.4. Levels of 5-TH and 5-HIAA in sera detected by
ELISA

The content of 5-TH and 5-HIAA in sera were not
significantly different in the four groups (p > 0.05)
(Figure 3).

3.5. Levels of GABA in sera detected by ELISA

After treatment, the GABA content in the NDG + Hal
(166.22 + 41.91pmol/mL), NDG (123.69 = 38.47 pmol/
mL) and Haloperidol group (113.97 + 36.23 pmol/mL)
were increased to a different degree as compared to the
control group (85.63 + 33.69 pmol/mL) (p < 0.05), The
content of GABA was higher in the NDG + Hal group
than in the NDG (p < 0.01) and Haloperidol (p < 0.05)
group (Figure 4).

3.6. Analysis of side effects

No serious adverse effects were detected during the
study, while eight kinds of side effects, which were
mild and tolerable for the children, were observed as
presented in Table 3. In Haloperidol group and NDG
+ Hal group, the incidence of sedation, extrapyramidal
and QT prolongation reactions were higher than that in
the NDG and control group (p < 0.05). The incidence of
nausea and headache reactions in the NDG + Hal group
was higher than that in the control group (p < 0.05).
The incidence of anxiety in the NDG + Hal group was
higher than that in the NDG group (p < 0.05).

3.7. Liver and renal function monitoring
As shown in Table 4, in the NDG + Hal group and Hal

group, although the content of alanine in sera were
higher than the control group (p < 0.05), it was still

KA

=y

[=]

(=]
]

EE DA
EE HVA

A O @
T 9

Content of DA and HVA (ng/ml)
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Control NDG Haloperidol NDG+Hal
Figure 2. Content of DA and HVA in sera after treatment
with NDG or Hal for 8 weeks. Data are expressed as mean +
S.D. *p <0.05 vs. Control, # p < 0.01 vs. NDG, 4 p < 0.05 vs.
Hal.

within the normal range in the Haloperidol group.
4. Discussion

In our previous studies, we found that NDG has the
effect of tranquilizing and allaying without obvious
side or toxic effects on rats with TS (/2-14). NDG can
regulate the metabolic disturbance of DA, 5-TH and
HVA in the rat brain (/3). However, the mechanisms of
NDG in Children with TS are still not clear. To further
evaluate the efficiency, safety, and possible mechanisms
of NDG, a randomized and double-blind study was
carried out in the current study. We found that the effect
of NDG was similar to Hal in reducing tic symptoms
and NDG might have a synergistic effect on treating
TS. The NDG + Hal group was more effective and safe
compared to the NDG group and the Hal group. We
also found that there was no liver or renal damage in
children treated with NDG.

TS is associated with multiple neurotransmitter
systems within the basal ganglia-thalamo-cortical
circuits (/9,20). Previous studies showed that the
metabolic disturbance of DA, 5-TH and GABA in the
brain is involved in the pathophysiology of TS (2/-23).
DA is a key monoamine neurotransmitter in the brain,
and numerous studies have shown its regulatory role
for motor and limbic functions (24), movement (25),
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Figure 3. Content of 5-TH and 5-HIAA in sera after
treatment with NDG or Hal for 8 weeks. Data are expressed
as mean + S.D.
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Figure 4. Content of GABA in sera after treatment with
NDG or Hal for 8 weeks. Data are expressed as mean = S.D.
*p < 0.05 vs. Control, “p < 0.01 vs. NDG, 4 p < 0.05 vs. Hal.
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Table 3. Clinical complications and side effects

Items Control (%) (n=28) NDG (%) (n=29) Hal (%) (n=30) NDG + Hal (%) (n=30)  Statistical significance
Sedation 1(3.5%) 3(10.3%) 10 (33.3%)* 12 (40%)** *H

weight gain 2 (7%) 2 (6.9%) 4 (13.3%) 5(16.7%)

Extrapyramidal 0 0 5 (16.7%)** 5 (16.7%)** 4

QT prolongation 0 0 5 (16.7%)** 5 (16.7%)** o

Nausea 0 3(10.3%) 4 (13.3%) 4 (13.3%)

Headache 0 1 (3.4%) 4 (13.3%) 6 (20%)* *

Anxiety 1(3.5%) 0 6 (20%)* 4 (13.3%) #

Increased appetite 0 4 (13.8%) 4 (13.3%) 7 (23.3%)" *

*p<0.05 vs. control, * p < 0.05 vs. NDG.

Table 4. Measure of liver or renal function

Items Control NDG Haloperidol NDG + Haloperidol Statistical significance
ALT 24.03+4.43 2534 +5.43 29.87 +£6.17* 30.23£6.17* *

AST 24.57 +6.53 26.17 +5.37 25.90 +4.33 26.58 £4.98 NS

BUN 24.04 £4.43 25.34+5.43 29.87+6.17 30.23 £6.17 NS

Cr 7594 £11.18 76.83 £10.49 76.64 £9.76 77.41+£9.79 NS

ALT: alanine transferase, AST: aspartate transaminase, BUN: blood urine nitrogen, NS: not statistically significant (p > 0.05), * Significant

difference (p < 0.05) vs. Control.

moods (26), neurobehavioral abilities (27), and problem
solving (28). Convergent evidencegave us the signal
that dopamine is the final common neurobiological
pathway for the expression of TS symptoms (29). After
reuptake by DA transporters, the DA was transformed
into HVA in neurons, and released into the blood, and
its concentration in plasma has been widely used to
study the function of central DA in psychiatric disorders
(13,30-32). Therefore, HVA is regarded as the major
indicator of DA activity (/3,37). The current study
also revealed that the content of HVA increased in TS
patients' sera, while there was no statistical difference
in the content of DA after treatment with NDG and Hal.
In contrast, neither DA nor HVA concentrations greatly
changed for an 8-week period of medication in the
placebo group. Based on the hypoactivity of dopamine
systems in the brain involved in the pathophysiology of
TS, we inferred that NDG could improve the symptoms
of TS by enhancing the metabolism of DA in vivo and
increasing the HVA content in sera. As a dopamine D2
receptor blocker, the mechanism fit for Hal. However,
neither NDG nor Hal had an effect on the concentration
of DA in sera, which suggested that DA outside the
brain has no direct link to the pathophysiological
changes in TS.

The research indicates generally that the
neurotransmitter serotonin has an inhibitory action
in the brain (33,34) and it is deeply involved in
the regulation of emotion and behavior, including
the inhibition of aggression (35,36). Serotonergic
dysfunction has been reliably associated with the
pathology of TS (/8). As the main metabolite of
5-TH, 5-HIAA is released back into the blood after the
metabolism of 5-TH in the central neural system, and
5-HIAA, and therefore, is also regarded as the major

indicator of 5-TH activity (22). In this research, the
results revealed that there was no statistical difference
in the content of 5-TH and 5-HIAA after treatment
in three groups. So we are unable to infer that NDG
improves the symptoms of TS by enhancing metabolism
of 5-TH.

From a developmental perspective, many
GABAergic interneurons of the cerebral cortex clearly
migrate tangentially from the same embryonic regions
in the ganglionic eminence that also give rise to the
GABAergic medium spiny projection neurons of the
striatum (37). Could adverse events arising at a specific
point in development, the differential loss of medium
spiny projection neurons in the matrix compartment
— account for the striatal imbalance and intracortical
deficits in inhibition seen in some patients with
Tourettesyndrome (38)? Because of the reported GABA
abnormalities in the TS brain, and the possible immune
abnormalities in blood and brain of TS subjects (39),
we postulated that GABA might be involved in the
pathophysiology of TS. In this study, we demonstrated
that NDG and Hal could increase the level of GABA in
sera and improve the symptoms in TS children.

The present study indicates that the symptoms of
TS were alleviated and the content of HVA/GABA in
sera was increased, but the DA, 5-TH, and 5-HIAA
concentrations changed little after treatment with NDG
or Hal on TS patients. Based on the above results, it
could be inferred that NDG was effective on TS by
regulating the DA and GABA system while increasing
the content of HVA and GABA in sera, which is
valuable for potential pharmacological findings in the
clinical application of NDG.

GTSS was widely used to assess the severity of
TS, which can be easily mastered for the symptoms
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of TS children. For short-term effectiveness, both
NDG and Hal can improve the clinical symptoms
for TS children by YGTSS at different time points.
However, Haloperidol had more side effects than NDG
in the form of sedation, weight gain, extrapyramidal
symptoms, QT prolongation, Nausea, Headache, and
Anxiety. The results suggest that NDG is safe for TS
children. NDG is promising to be a safe and effective
medication as an alternative therapy for TS.

However, the present study has some limitations as
follows. First, only short-term outcomes and adverse
effects were observed for 8 weeks, which was limited
for NDG as a synthetic therapeutic option pending
further study on long-term outcomes. Second, we
measured the contents of DA, HVA, 5-TH, 5-HIAA
and GABA in sera to deduce the metabolism of
neurotransmitters in vivo, which was indirect evidence
for explaining the metabolism of neurotransmitters in
brain. Furthermore, we did not analyze the metabolism
of some other kinds of neurotransmitters beyond
DA and 5-TH, which might also participate in the
pathophysiological course of TS. Therefore, it is a
great necessity to explore more meaningful evidenceof
pharmacology for an effective and safe alternative
treatment.
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modifications of previously published
procedures require complete description.
Names of products and manufacturers with
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be given and sources of animals and cell
lines should always be indicated. All clinical
investigations must have been conducted
in accordance with Declaration of Helsinki
principles. All human and animal studies
must have been approved by the appropriate
institutional review board(s) and a specific
declaration of approval must be made within
this section.

Results: The description of the experimental
results should be succinct but in sufficient
detail to allow the experiments to be
analyzed and interpreted by an independent
reader. If necessary, subheadings may be
used for an orderly presentation. All figures
and tables must be referred to in the text.

Discussion: The data should be interpreted
concisely without repeating material already
presented in the Results section. Speculation
is permissible, but it must be well-founded,
and discussion of the wider implications
of the findings is encouraged. Conclusions
derived from the study should be included in
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