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Redox Signaling: from Life to Death

Prof. Veerapol Kukongviriyapan, Ph.D.

Department of Pharmacology,
Faculty of Medicine, Khon Kaen University

Reactive oxygen species have important functions in living organisms from
fertilization, growth, senescence till death. Oxidative stress, a condition implicits where pro-
oxidants overwhelming antioxidants and resulting potential damage to biomolecules, has been
reportedly implicated in various pathological conditions in most human diseases. Thus,
common antioxidants have been used with an inflationary passion as panacea for various
diseases. However, most clinical studies have been turned out to be disappointed. It has been
recently realized that oxidants may target biomolecules in a specific manner by altering the
oxidation-reduction (redox) potential with subsequent changes in their functions. The target
proteins, mostly containing critical cysteinyl residues, function specifically in signal
transduction pathways, thereby, linking redox shifts to phosphorylation ;dephosphorylation
signaling. It is, therefore, more detailed molecular understanding is needed to enable us to
intervene redox breakdown into therapy. In some cancers, the cells have an increase in oxidants
formation for stimulation of cell growth and development and that occurs simultaneously with
an over-expression of Nrf2. Nrf2 is a cellular redox sensor, activated by oxidative stress and
insulting xenobiotics and is regarded as a major antioxidant node regulating expression of
cytoprotective, antioxidant and redox regulating genes. Nrf2 has been traditionally considered

as a tumor suppressor. However, recent studies suggested that Nrf2 also has functions in
protecting tumor and supporting aerobic glycolysis in maintenance of tumor growth. Inhibition
of Nrf2 or some downstream effectors such as HO-1 and NQO1 has proved the concept that

redox shift in cancer cells results in altering Nrf2 functions to be oncogenic and thus Nrf2 may
be a potential therapeutic target in cancer treatment.

Acknowledgement: This work was supported by Thailand Research Fund, National Research
Council of Thailand, Grant-in-aids from Khon Kaen University and Faculty of Medicine, Khon
Kaen University.

Keywords: Redox, Oxidative stress, Antioxidant, Nrf2
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Quantitative Systems Pharmacology:
New approaches to drug discovery and stratified medicine

Somponnat Sampattavanich, Ph.D.

Siriraj Laboratory for Systems Pharmacology,
Faculty of Medicine Siriraj Hospital, Mahidol University

Systems pharmacology has become a major focus at research institutes and big pharma
around the world. From the identification of novel therapeutic targets to the discovery of
biomarkers in pharmacogenomic studies, Systems Pharmacology can offer quantitative, fully
mechanistic, and systematic solutions about drug actions at all scales. In addition to insights on
the predicted target, we also learn about the polypharmacological effects on adjacent molecules
within the same signaling network. Such integrated perspectives are necessary for the

understanding of heterogeneous therapeutic response across patient subpopulation.

At the Siriraj laboratory for Systems Pharmacology, we focus on applying modern
quantitative methodology to simplify sophisticated biological systems and to translate benchtop
research into clinical practice at the bedside. These approaches help identify patterns from

biomedical -big data’ that ultimately result in predictive models of drug response. In this talk, I
will use examples from our three most recent projects. First, I will talk about our efforts to
develop innovative platforms for high-throughput drug screening and its potential use in drug
discovery. Second, | will share insights from our systems-based drug response profiling in
cholangiocarcinoma. Finally, I will discuss our contributions towards precision oncology for
Thai patients, to develop patient-derived avatar models as ex vivo models for personalized drug
testing.

Keywords: Systems Biology, Heterogeneity, Single-cell analysis
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Advancement of precision medicine in cancer

Asst. Prof. Suphat Subongkot, BCP, BCOP

Clinical Pharmacy Division,
Faculty of Pharmaceutical Sciences, Khon Kaen University

Progresses in tumor genomics are leading to a new era in oncology where malignancies
will be extensively characterized for mutations and molecular abnormalities, and treatment will
be based primarily on the identified molecular findings rather than the type of cancer. This

approach to treatment is recognized as precision medicine.

While pharmacogenetics principles have been used for many years in developing drugs
as with the Thymidylate Synthase target for 5-fluorouracil, it has been most recently the true
potential power of pharmacogenetics has come to fruition with imatinib in the treatment of
chronic myelogenous leukemia. Recently more studies have examined specific patient

responses to therapy and exploring the role of drug metabolizing polymorphisms. A classic
example is that again of dihydro-pyrimidine dehydrogenase deficiency and the potential for
severe toxicity related to 5-FU. More recently a polymorphism in UDP glucuronosyltransferase
(UGT), which inactivates the active metabolite of irinotecan, causing some individuals
increased toxicity. Of course long known polymorphisms in cytochrome P450 may cause
increased or decreased response. For example, CYP2D6 polymorphisms result in poor
metabolizers, normal metabolizers, extensive metabolizers, and ultraextensive metabolizers.

Drugs metabolized through this enzyme include codeine and tamoxifen which are metabolized
into active agents and thus poor metabolizers have decreased activity with these agents. On the

other hand, certain 5-HT3 antagonists like dolasetron, tropisetron and to a lesser extent

ondansetron are inactivated through CYP2D6 and it appears that ultrametabolizers may have
an increased risk of nausea and vomiting.

The development of pharmacogentics and pharmacogenomics is truly in its infancy but will
probably play a leading role in selecting drug therapy in the near future. With this, new study

design as well as new ways of evaluating therapies may be required.
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Systems biology approach to precision medicine

Trairak Pisitkun, M.D., Ph.D.

Systems Biology Center, Research Affairs,
Faculty of Medicine, Chulalongkorn University

The success of the <human genome project- has marked the beginning of the 21st
century inter-disciplinary field of science called «Systems Biology~. It focuses on complex

interactions within biological systems, using a more holistic perspective approach to biological
and biomedical research. Systems biology is an integration of basic and clinical science

standpoints, large-scale <omics~ technologies, and high-level computational methods for data
analysis and interpretation. In this lecture, we discuss the applications of several state-of-the-art
methods in systems biology, including protein mass spectrometry, next-generation sequencing,
and computa-tional techniques, for developing the novel translational approach in medicine
namely «precision medicine~.

Keywords: Systems Biology, Omics, Mass Spectrometry
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Engineered synthetic antibody for cancer detection and treatment

Asst. Prof. Peti Thuwajit, M.D., Ph.D.

Department of Immunology,
Faculty of Medicine Siriraj Hospital, Mahidol University

Cancer is a disease with massive genetic alteration, so there should be expression of
some antigens that can be used as specific marker for cancer cells. Recent antibody technology
can be performed in vitro and used for detection or inactivation of the cancer progression or
both. The antibodies can be applied in ex vivo and in vivo manners. Many kinds of antibody

library such as Fap, single chain variable fragments (ScFv), etc., have been developed and some

were commercialized for screening of new specific antibody for clinical applications of cancer
diagnosis and treatment. These antibodies can be also engineered and labelled with the signal

for specific in vivo imaging detection of the cancer. On the other way, they can be used for
carrying of the cytotoxic drug and kill cancer cells specifically. Antibodies themselves may
have inhibitory effects when bind to antigen on cancer cells. The diagnosis and therapeutic
properties of engineered antibodies can occur together that termed as - Theranostic>. The

development of ScFv against protein periostin, a secretory protein that can activate cancer
progression, and its function against cancer progression will be presented. Therefore, the

promising of the antibody engineering technique for cancer detection can be applied and up-

grade the early diagnosis and following up of the cancer, leading to the appropriate treatment
to the patients.

Keywords: Antibody, Single chain variable fragment (ScFv), Cancer, Periostin
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NK cell-based immunotherapy in viral infection and its clinical approach

Pattaravadee Srikoon, Ph.D.

Division of Biopharmacy,
Faculty of Pharmaceutical Sciences, Burapha University

Natural killer (NK) cells play crucial roles in the innate immune defensive system
against tumor cells and viral infection. They are equipped with an array of activating and
inhibitory receptors that stimulate or diminish NK cell activity, respectively. The regulation of
NK function is well-regulate by enormous expression of NK receptors expressed on cell
surface. Four NK subsets have been categorized based on the different expression levels of
CD16 and CD56.

Our study shows NK cell repertoire which was attenuated in hepatitis C virus (HCV)
infection. Cytotoxic and IFN-y were reduced in naive HCV patients, and then reversed after
treatment with PEG-IFN- y and ribavirin. Same as the study of HIV infection in NK cells, as a
possible target of viral infection; we found the diminish of CD56%™CD16 NK cell subset. On

the other hand, comparable functional activities between NK cells from cord blood
mononuclear cells (CBMC) and peripheral blood mononuclear cells (PBMC) by cytokine

stimulation have been documented. Our study reveals that NK cells from CBMC and PBMC

which have different immunophenotypic characteristics, could be stimulated to yield the
comparable functional activities with the elevated CD56%™CD16° NK cell population in

CBMC. Therefore, CD569™CD16 NK cell population may be the promising cell for NK cell-
based therapeutic strategies for the treatment of cancer and viral infection.
Diverse approaches encompass the development of large-scale NK cell-expansion

protocols for adoptive transfer including the establishment of a microenvironment favorable to
NK cell activity. More encouraging advances have been made with allogeneic NK cell therapy

in clinical trials to overcome this limitation.

Keywords: Natural killer, HCV, HIV, cord blood
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Renieramycin Alkaloids from the Thai Blue Sponge,
Xestospongia sp. as New Anticancer Agents

Khanit Suwanborirux, Ph.D.

Department of Pharmacognosy and Pharmaceutical Botany,
Faculty of Pharmaceutical Sciences, Chulalongkorn University

Renieramycin alkaloids are bistetrahydroisoquinoline marine natural products
mainly isolated from marine sponges of some particular genera. Reniera-mycin M was isolated

as a major component in a large quantity from the blue sponge xestospongia sp., collected
around Sichang island of Thailand. Renieramycins possessed highly potent cytotoxicity with

ICso values in nM levels toward a wide range of human cancer cell lines such as breast, colon,
lung, pancreatic, and prostate cells. Our continuing effort has been aimed to establish the

medicinal chemistry of the marine-derived renieramycins for further development as new
anticancer agents. Using renieramycin M as a starting parent compound, we were able to semi-
synthesize several renieramycin analogues, with an eye to improve cytotoxicity profiles. In this
presentation, the structure-cytotoxicity relationships, potency profiles and mechanistic studies
of their cytotoxicity will be discussed.

Renieramycin M

Keywords: Renieramycin Alkaloids, Bistetrahydroisoquinoline, Marine Natural Products,

Anticancer Agents, Xestospongia sp. Sponge
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Pharmacokinetics of Herbal Extracts: A Case Study of ECa233

Asst. Prof. Phisit Khemawootl, Ph.D.

Department of Pharmacology and Physiology,
Faculty of Pharmaceutical Sciences, Chulalongkorn University

Traditional medicine serves as an alternative choice of disease prevention as well as
therapy for people in developing countries. Recent advancements in pharmacognosy research
have led to elucidation of several active ingredients and chemical structures from various herbal
extracts of traditional medicine. However, most herbal studies discontinue their research at the

stage of drug development due to several reasons. Among them, pharmacokinetic studies

needed for an appropriate dosing interval is the most problematic one, and it is the bottle neck
for the development of bioactive extract from plants for human use.

C.asiatica is selected as a candidate for our collaborative programs of drug discovery
and development from natural resources. The plant is well documented for treatment of wound
healing, improvement of cognitive functions, and other therapeutic records since ancient time.

Recently, a group of scientists from Chulalongkorn University has successfully developed a
standardized extract of C. asiatica (ECa233) that consistently contains triterpenoid glycosides

more than 80+, and the major constituents are madecassoside and asiaticoside at the ratio of
15+ 0.5: 1. This standardized extract, ECa233, exerts several excellent efficacies in line with
its traditional uses. However, information on pharmacokinetic data of ECa233 and its active
ingredients are scare. Though some pharmacokinetic information of the two major constituents

per se do exist but information on their oral bioavailability, tissue distribution and thorough
metabolic pathway are not yet explored. We therefore, aim to conduct comparative

pharmacokinetic studies of ECa233 in relation to asiaticoside and madecassoside per se.
Surprisingly, asiaticoside and madecassoside contained in ECa233 demonstrated longer half-
life than their separately given pure compounds. Data from these studies are essential

information to define a proper dosing regimen in human subjects to achieve maximal efficacy
and minimal toxicity of ECa 233 in the future.

Keywords: Centella asiatica, ECa233, madecassoside, asiaticoside, pharmacokinetics
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Molecular Regulation of Cancer Stem cell in Lung Cancer

Assoc. Prof. Pithi Chanvorachote, Ph.D.

Department of Pharmacology and Physiology,
Faculty of Pharmaceutical Sciences, Chulalongkorn University

As a hallmark of cancer aggressiveness and subsequent metastasis, the certain
subpopulation of cancer cells exhibiting phenotypes of stem cells, so called cancer stem cells
(CSC), is among the most famous target study in cancer research nowadays. Therefore,
identification of the potential factors facilitating transforma-tion of the normal cancer cell to
CSC and its regulatory mechanisms will provide new insight in cancer cell biology, which can
be utilized for the development of new therapeutic strategies against aggressive cancer. Our
works have focused on the regulatory roles and mechanisms of substances including nitric
oxide (NO), iron and zinc ion on cancer stem cell (CSC) properties in human lung cancer cells.
We found that NO as well as iron exposure could enhance CSC signals, markers, and behaviors
in the lung cancer cells, while treatment of the lung cancer cell with zinc exhibited the opposite
effect. Taken together, we provided important insights regarding roles and mechanisms of
endogenous and exogenous substances in regulating cancer stemness. Even though clinical and
in vivo data are of necessity, this knowledge based on cellular and molecular investigations
offered a potential opportunity to develop a new strategy in treating lung cancer by targeting
CSC potentiating factors and signals. Also, the impact of cancer microenvironment-derived
mediators and exogenous compounds on cancer cell behaviors might draw an interest toward
investigation those reactive species as a possible target in supporting lung cancer treatments or
use with caution in high cancer-risk population.
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The ER membrane-located RMA1 E3 ligase complex is involved in ERQC
autophagy and priming stressed cells to apoptosis

Pattarawut Sopha'?, Scott A. Houck?, Hong Yu Ren?, and Douglas M. Cyr?

! Laboratory of Cellular Stress Responses, Program of Applied Biological Sciences, Chulabhorn
Graduate Institute, Bangkok, Thailand

2 Department of Cell Biology and Physiology, School of Medicine, University of North Carolina,
Chapel Hill, North Carolina, USA

Protein homeostasis at the Endoplasmic Reticulum (ER) is required fidelity of protein
quality control (PQC) to minimize proteotoxicity from flux of protein synthesis and secretion.

Once disturbed, the ER protein homeostasis can be recovered by attenuation of protein
translation into ER, transcriptional activation of ER chaperones and folding factors, and
degradation of stress-affected misfolded proteins from the ER by cytosolic proteasome through

the so-called ER-associated degradation (ERAD) pathway. The RMAL E3 ligase complex has

been identified as an ERAD component that targets misfolded membrane proteins for
degradation. The complex is included single-pass transmembrane E3 ligase RMAL, ERAD

adaptor Derlin-1, cytosolic Hsc70, and newly-identified transmembrane Hsp40 DNAJB12
JB12). In this presentation, data will be presented to demonstrate the roles of the RMAL
complex in the triage decision for a recently-discovered misfolded membrane protein,
gonadotrophin-releasing hormone receptor (GNRHR-E90K), that is ERAD resistant but
degraded by novel ERQC autophagy. In addition, the RMA1 complex was explored during the
ER stress situation that selectively mediated proteasome degradation of JB12. Regulation of
ER stress-activated JB12 degradation appeared to involve in priming cells for apoptosis upon
acute and severe ER stress situation. Hence, these investigations exhibit the roles of ER
membrane-anchored chaperones and folding factors in controlling protein homeostasis and
intracellular signaling in response to proteotoxic stress.

Keywords: Protein homeostasis, ER Stress, ER-associated degradation, Hsp40: J- protein,
Protein quality control, autophagy
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Update on In vitro Models in Nanotechnology
and Drug Development Research

Sasitorn Aueviriyavit, Ph.D.

1Nano Safety and Risk Assessment Laboratory,
National Nanotechnology Center,
National Science and Technology Development Agency

Advances in nanotechnology are providing to medicine a new paradigm in valuable
areas especially drug delivery system, diagnosis and treatment. To minimize the failure rates in
mandatory phase of clinical trials, preclinical research needs the experimental animal models
to predict efficacy, pharmacokinetic and safety profiles of lead compounds. However, animal

models are very costly, labor intensive, time-consuming, species-different and questionable
ethically. Regarding to the ethical issues, European Directive (2010/63/EU) has announced the
protection of animals used for scientific purposes by following 3Rs principle: reduction,
refinement, replacement. In addition, EU Cosmetic Products Regulation (EC) prohibits the
testing of finished cosmetic products and cosmetic ingredients on animals (testing ban) and

prohibits the marketing in the European Community, of finished cosmetic products and
ingredients included in cosmetic products that were tested on animals (marketing ban). For these

reasons, there has been increasing interest in development of in vitro models as alternatives.

In this presentation, the update on in vitro models used in nanotechnology and drug
development research will be reviewed and discussed. Mimicking the microenvironment in the

human tissues leads to more physiological and predictive in vitro models, which may help to
reduce animal experimental. Among developed in vitro models, the immortalized cells

established from cancerous cells have been widely used because of easiness in cell culture and
high reproducibility. However, reliability of the results derived from immortalized cells has

been unclear because of their different characteristics from normal cells. To overcome the

limitation of immortalized cells and 2D culture, other have attempted to recreate the normal
three-dimensional (3D)architecture of the tissues lining in vitro to recapitulate the mechanically

active microenvironment of human tissues. Finally, the most difficulty of developing in vitro
models are the predictive alternatives for assessment of systemic exposure. To overcome this
challenge, ~human-on-a-chip~ concepts are in updated trend to replace the respective animals
and humans in substance evaluation with functional human organisms.

Keywords: Alternative Models, In Vitro Models, Nanotechnology, Drug
Development Research
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Urinary Vascular Endothelial Growth Factor and Interleukin-6in
Lupus Nephritis Responders: A Preliminary Study

Chutipha Phromjeen?, Pajaree Chariyavilaskul?#, Yingyos Avihingsanon?3+4

! Inter-department of pharmacology, Graduate School, Chulalongkorn University, Bangkok 10330,
Thailand

2 Clinical Pharmacokinetic Research Unit in Renal and Cardiovascular diseases, Department of
Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand

3 Lupus Research Unit, Division of Nephrology, Department of Medicine, Faculty of Medicine,
Chulalongkorn University, Bangkok, 10330, Thailand

4 Center of Excellent Immunology and Immune-mediated Diseases, Faculty of Medicine, Chulalongkorn

University, Bangkok 10330, Thailand

Abstract

Lupus nephritis (LN) is one of the most serious manifestations of systemic
lupus erythematosus (SLE). Despite the improvement in the field, up to one-third of
LN patients still do not respond to initial immunosuppressive treatment. Many
inflammatory cytokines/chemokines have been shown as LN biomarkers. In this
study, we assessed the levels of urinary vascular endothelial growth factor (VEGF)
and interleukin-6 (IL-6) during an induction phase (baseline, 1- and 3-month of the
treatment) in 17 LN patients responding to various immunosuppressants such as
intravenous cyclophosphamide (IVCY), mycophenolate mofetil ¢« MMF) and
tacrolimus. No statistically significant changes were seen in all urinary biomarkers
(VEGF: baseline 2.37 (1.02-3.17) pg/mg creatinine, 1-month 2.31 (1.57-3.04) pgyrmg
creatinine, 3-month 1.76 (1.42-3.15) pg/mg creatinine and IL-6: baseline 0.031 (0.018-
0.153) pg/mg creatinine, 1-month 0.032 (0.004-0.08 1) pg/mg creatinine, 3-month 0.013
(0.004-0.04) pg/mg creatinine, all p>0.05). However, we found a correlation between
IL-6 and urinary protein,creatinine ratio (UPCR) (p<0.05). Profiles of urinary

biomarkers in Thai LN patients responding to an induction treatment were shown in
this study. Further studies in larger group of patients compared to those who do not

respond to the treatment and,or healthy controls are needed in order to prove if the
biomarkers are useful as predictors for treatment outcomes.

Keywords: Lupus nephritis, intravenous cyclophosphamide, mycophenolate
mofetil, tacrolimus
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Introduction

Refractory lupus nephritis (LN) occurs in a substantial proportion of LN
patients and the treatments of this group of patients remains challenging ! LN patients

are heterogeneous in terms of clinical presentations, including the rate of
deterioration of glomerular filtration rate, various degrees of persistent proteinuria,
active urinary sediments, and the ongoing kidney inflammation leading to
irreversible damage caused by scarring and fibrosis. Therefore, specific monitoring

IS very essential to improve prediction of treatment results. Although renal biopsy is
a standard effective procedure for follow-up, it is an invasive technique accounted
for complications such as the presence of blood in urine and pain at the biopsy area.
Moreover, post-biopsy infection may lead to morbidity and mortality.? A non-
invasive tool, especially urinary biomarkers, used to monitor relapse, guide treatment
decision or predict the treatment outcomes is extremely necessary in LN. To date,

several urinary biomarkers are identified but none of these biomarkers is well studied
particularly in Thai patients.

Vascular endothelial growth factor (VEGF) is a family of multipotent
cytokines. In the kidneys, VEGF is most expressed in glomerular podocytes and
tubular epithelial cells. The roles of VEGF in kidney are still unclear but many

evidences indicate the importance of VEGF in development of the glomerular
filtration barrier and control of vascular permeability.>* VEGF is an interesting

molecule in renal diseases. Studies showed correlations of VEGF expression and
disease progression. Intra-renal expression of VEGF and its receptors were up-
regulated in experimental animal models and patients with type-1 and type-2 diabetes.
In these models, inhibition of VEGF was associated with the diabetes-associated

renal changes, showing the role of VEGF in pathophysiology of diabetes
nephropathy. > Moreover, urinary VEGF levels and intra- renal VEGF protein

expressions were higher in class IV LN patients than in healthy control. '

Importantly, urinary VEFG mRNA levels was shown to predict clinical therapeutic
response of class IV LN2 Interleukin-6 (IL-6) is a cytokine that induces T lymphocytes

differentiation, B lymphocytes development, and production of acute phase proteins.
IL-6 also drives production of IL-17-producing T cells. Increased urinary IL-6 levels
were shown in LN patients compared to lupus patients without renal involvement.®

The objective of this study was to assess the changes if the levels of urinary
VEGF and IL-6 protein in responsive LN patients during an induction phase of the

treatment.

Materials and Methods

Patients

Seventeen patients were studied. All of them were diagnosed with SLE
according to the American College of Rheumatology diagnostic criteria for SLE
and had LN documented by having one of the following criteria: 1) a total urinary



18

protein level of more than 0.5 g/day, 2) an increment of serum creatinine levels of
more than 0.5 mg/dl during 1 month period, or 3) the presence of pyuria, hematuria,
or urinary cast by microscopic examination. All patients: biopsy specimens were
identified as class 1I/IV LN by the classification of the histologic types of LN
according to the World Health Organization criterial® All patients received oral
prednisolone at the dose of 0.5 mgkg/day plus a 6-month regimen of one of these
immunosuppressants: intravenous pulse cyclophosphamide (IVCY; 500 mg/m? every
2 weeks), oral mycophenolate mofetil (MMF; 2,000 mg/day) or oral tacrolimus 0.1
mg/kgday). All patients were responders at 6 months after treatment as defined by
the following clinical criteria, including (1) a stabilization and/or an improvement in
renal function as documented by serum creatinine or (2) >50% decreased in hematuria
to less than 10 red blood cell per high-power field or (3) a significant reduction in
proteinuria (>50% reduction to less than 3 gday if baseline proteinuria was in
nephrotic range, <1 gday if baseline proteinuria was in non-nephrotic range) for at
least 3 months.*2 Urine samples were collected at pretreatment including the first and
third month of the treatment. This study was approved by the Ethics Committee for
Human Research, Faculty of Medicine, Chulalongkorn University. Written informed
consents were obtained from all subjects.

Urine samples collection
Fifty milliliters of mid-stream spot urine samples were collected and were

immediately centrifuged at 1000 x g for 30 min at 4'C. Supernatant of the samples
was kept at -80°C until analysis.®

VEGF and IL-6 measurements
Urinary VEGF and urinary IL-6 levels were quantified using a Human
Cytokine Panel Luminex Performance Assay (R&D Systems). Values were normalized

to urinary creatinine concentrations measured in the same spot urine, and were
expressed as pg/mg Creatinine.

Data analysis
Statistical analysis was performed using the SPSS software (version 20). The

continuous data are expressed as median cinterquartile range; IQR). Differences
between groups were assessed using an unpaired-Student's t test and one-way analysis
of variance (ANOVA). Correlations were assessed using the Spearman method. The
threshold of significance was p < 0.05.

Results

Patient characteristics
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Demographic data of the studied patients are summarized in Table 1. There

were four patients received IVCY, nine patients with MMF and four patients with
tacrolimus.

Serial monitoring of urinary cytokines levels

There were no statistically significant changes observed for all urinary
biomarkers measured from baseline to three months during an induction phase of the
treatment (Table 2).
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Correlations of urinary VEGF and IL-6 levels with conventional biomarkers

Urinary IL-6 levels were significantly correlated with urinary protein,

creatinine ratio UPCR «r =053; p < 0.05)(Table 3 and Figure 1).

Table 1.  Patients characteristics?
Demographic All IVCY MMF Tacrolimus p-
value
Number 17 4 9 4 na
Sex (F/M) 152 4,0 81 31
Age (years) 32(28-43) 34(268-473) 3727-455) 32(279-36) 0.59
Race %)
Thai @) 100 100 100 100 na
Other ) 0 0 0 0 na
Baseline laboratory parameters
Serum creatinine
(mg/dL) 0.830.68-1.18) 1.040.79-123) 0.800.53-1.07 080.6-112) 054
Urinary protein,
creatinine ratio 181.12-381) 175098-371) 1600.96-5.03) 299(1.85-4) 084
Glomerular
filtration rate 7734 64.82 85.74 86.49
mL/min,/1.73m? (568.39-101.76) (52.96-90.67) (65.17-155.06) (62.10-127.17) 062
Urinary erythrocyte
count (per high
power field) 31-5) 3(1-16.25) 3(1.50-5 2(1.25-4.25) 0.62
6th month laboratory parameters
Serum creatinine
(mg/dl 0.890.79-123) 11084172 0.860.67-091) 10108-142) 019
Urinary protein,
creatinine ratio 0430.28-0.9 0.640.20.92 0.4(0.28-0.55) 0.690.3-2.47) 042
Glomerular
filtration rate 75.17 5767 75.19 65.58
mL/min,/1.73m? (561.89-8753) (38.89-85.03) (73.12-121.87) (46.46-8852) 0.78
Urinary erythrocyte
count (per high
power field) 11-3) 2(1.25-4.25) 10-4) 151-2.75) 0.78

@ Values are median (IQR).

IVCY; intravenous cyclophosphamide, MMF; mycophenolate mofetil, na; not applicable.
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Table 2.  Levels of urinary VEGF and IL-62
Baseline 1%t month 3" month p value

All n=17)

VEGE 2.371.02:317) 2.31(157-304) 1.76 1.42-315) 0.82

IL-6 0.0310.018-0.153) 0.032 (0.004-0.081) 0.013(0.004-0.040) 014
IVCY (n=4)

VEGE 1.2(041-2.95) 2.39(1.36-2.88) 172 1.2625) 0.67

IL-6 0.060 (0.020-0.220) 0.0700.030-0.120) 0.070(0.010-0.280) 0.99
MMF n=9)

VEGE 2.6(1.49-4.66) 231(1.83:373) 229 (167353 0.90

IL6 0.030(0.020-3.670) 0.004 (0.001-0.04) 0.010(0.002-0.030) 0.09
Tacrolimus (n=4)

VEGF 215133438 2.04(1.36-2.98) 1631.14-321) 094

IL6 0.050(0.020-0.110) 0.050 (0.010-0.140) 0.020 (0.005-0.070) 0.75

2 Values are median (QR) in pg/mg Creatinine.

IVCY:; intravenous cyclophosphamide, MMF; mycophenolate mofetil.

Table 3.

conventional biomarkers.

Correlation between urinary VEGF and IL-6 protein levels and

VEGF IL6

Correlation Correlation

Coefficient p-value Coefficient p-value
Conventional biomarkers
Serum Creatinine (mg/dL) 013 0.38 0.16 0.26
Urine per creatinine ratio 0.28 0.05 053 001
Glomerular Filtration Rate
(mL/min.,/1.73m? 015 031 -0.19 0.17
Urinary erythrocyte count
(per high power) 0.03 084 01 049
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R=0.53, p <0.05

Figure 1. The correlation between urinary
IL-6 protein levels and UPCR.

T T T 1
0.1 0.2 0.3 0.4

Urinary protein/creatinine ratio (UPCR)

urinary IL-6

Discussion

In this study, we have shown profiles of urinary biomarkers from baseline to
three months in Thai LN patients who responded to induction treatment by various
immunosuppressants.

Avihingsanon et al. reported that the measurement of urinary mRNA VEGF

was practical and should be applied in the diagnosis and the prediction of clinical
response in class IV LN2 In terms of IL-6, Linker-Israeli et al. found that endogenous

IL-6 levels increased in lupus patients compared to controls.®® Brugos et al. also
reported that urinary I1L-6 levels increased in LN patients.** Unfortunately, our data
did not support these findings.

Although urinary VEGF and urinary IL-6 levels did not significantly reduce,
this study found a significant association between urinary IL-6 levels and UPCR
(p<0.05). Since increased UPCR is a parameter reflecting disease activity in patients
with glomerular and,or tubular damage, and is widely used as one of the response
criteria in LN®®, the association between urinary IL-6 and UPCR observed in this

study suggests that this biomarker might be able to be used as a marker of disease
activity and response to treatment in LN patients.

The reductions of urinary VEGF and urinary IL-6 levels in LN patients may

be linked to the mechanism of action of immunosuppressive drugs received,
especially, MMF and tacrolimus. MMF is a prodrug of mycophenolic acid (MPA)

that inhibits inosine- 5'- monophosphate dehydrogenase enzyme resulting in a
depletion of guanosine nucleotides in T and B lymphocytes. The action of MPA lead
to an inhibition of T and B cell proliferation, thereby suppressing cell-mediated
immune responses and antibody formation.*® Tacrolimus, on the other hand, inhibits

calcineurin in T lymphocytes, preventing its ability to dephosphorylate and activate
nuclear factor of activated T (NFAT) cells. Tacrolimus affects the transcription of

many cytokines that are crucial in the immune response process.t’ In brief, urinary
VEGF and urinary IL-6 levels are reduced as MMF and tacrolimus affect T
lymphocyte, an inflammatory cell that produces these cytokines. In addition,
tacrolimus was shown to suppress the function of activated macrophages and
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promotes their apoptosis via mechanisms involve nuclear factor kappa-light-chain-
enhancer of activated B cells and mitogen-activated protein kinase.!8
This study was conducted in a very small group of patients. However, our

data shows potential benefit as these are fundamental knowledge regarding urinary
biomarkers in Thai LN patients. Studies in larger number of patients, comparing the

data with non-responders and,or controls are required to elucidate the findings and to
prove if these biomarkers are useful as predictors for treatment outcomes.

Conclusion

In Thai LN patients who are responded to an induction treatment at 6 months,
reductions of urinary VEGF and urinary IL-6 were observed by 3-month post

treatment. These data suggest the role of urinary biomarkers as a marker for disease
activity and predictors of treatment outcomes.
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Abstract

Cepharanthine (CEP), a biscoclaurine alkaloid extracted from Stephania

cepharantha Hayata, has shown antitumor effects against several types of cancer
such as leukemia, cholangiocarcinoma, hepatocarcinoma and non-small-cell lung

cancer. We have previously found that CEP was able to enhance anti-cancer activity
of 5-fluorouracil (5-FU) against human colon cancer in vitro. In the present study, we
therefore evaluated the effect of CEP alone and CEP in combination with 5-FU in a
colon cancer xenograft model. Materials and Methods: HT-29 tumors were
established in the right flank of nude mice. Then, HT-29 tumor bearing mice were
treated with either 5-FU or CEP alone or 5-FU combined with CEP by intraperitoneal
injection every other day for three weeks. The mRNA levels of apoptosis regulators
including Bak, Bax, Bcl-2 and Bcl-xI were determined by quantitative real-time RT-
PCR. Results: Treatment with either CEP alone or CEP in combination with 5-FU
significantly delayed tumor growth when compared with the control and 5-FU alone
groups. Real-time RT-PCR analysis revealed that the combination treatment
significantly up-regulated the levels of both pro-apoptotic regulators, Bak and Bax.
Conclusion: CEP could enhance anticancer effect of 5-FU in a mouse xenograft
model which may be associated with the up-regulation of Bak and Bax and CEP may
potentially be used as a single agent or in combination with 5-FU for colon cancer
treatment.

Keywords: 5-fluorouracil, cepharanthine, colon cancer, apoptosis
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Introduction

Colon cancer is one most common cancer which is leading cause of cancer
death in both men and women worldwide (1). The treatment options for colon cancer

are surgery, radiotherapy, chemotherapy and targeted therapy. Chemotherapeutic
agents are commonly used to treat colon cancer include 5-fluorouracil, oxaliplatin
and irinotecan. 5- Fluorouracil (5-FU), an antimetabolite drug, exerts its
anticancer effects through inhibition of thymidylate synthase (TS) and incorporation
of its metabolites into RNA or DNA (2). Although 5-FU iswidely used, its application
in clinic is still limited due to drug resistance and serious side effects. Therefore,
novel compounds that can potentiate anticancer effects of 5-FU are urgently needed.

Cepharanthine (CEP) is one of the biscoclaurine alkaloids extracted from

Stephania cepharantha Hayata, which has been widely used in Japan for treatment
of many acute and chronic diseases. The pharmacological activities of CEP include

anti-allergic, anti-oxidant, anti-malaria, immunomodulatory, multidrug resistance
reversal and anticancer [3-51. Several in vitro and in vivo studies reported that CEP

inhibited the growth of several types of cancer including, leukemia, lymphoma, lung
carcinoma, myeloma, cholangiocarcinoma, oral squamous cell carcinoma, and
hepatocellular carcinoma [6-111. Apoptosis-inducing effect of cepharanthine has been

demonstrated through various mechanisms including, down- regulation of anti-
apoptotic genes such as Bcl-xl, up-regulation of pro-apoptotic genes such as Bax and
activation of caspase-3. CEP was shown to induce cell cycle arrest by up-regulating
cell cycle regulators such as cyclin A, cyclin D, cyclin E and p21 (12, 13;.

Interestingly, our in vitro studies illustrated that CEP could enhance anticancer effect
of 5-FU against human colon cancer [141. Thus, the objectives of this study were to

investigate the effect of CEP and 5-FU on human colon cancer in a mouse xenograft
model and to identify mechanism¢s) underlying the potentiation effect of CEP on
anticancer activity of 5-FU.

Materials and Methods

Cell culture

A human colorectal cancer cell line, HT-29, was purchased from American
Type Culture Collection (ATCC USA). The cells were cultured in Dulbecco’s
modified eagle medium (DMEM), supplemented with 10+ fetal bovine serum (FBS),
100 U/mL penicillin and 100 pg/mL streptomycin at 37°C in 5% CO, incubator.

Animal model

BALB, cMlac- nu mice ( National Laboratory Animal Center, Mahidol
University, Thailand) were purchased at 4-6 weeks of age and kept under sterile
conditions in a pathogen-free environment. The mice were provided with sterile water
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and food ad libitum. All animal procedures were performed in accordance with the
guideline established by the National Institutes of Health for humane treatment of
animals. Animal protocol was approved by Animal Ethics Committee of the Faculty

of Medicine, Chulalongkorn University.

BALB/cMlac-nu mice were subcutaneous (s.c.) inoculated with HT-29 cells
(1x10’cells/mouse) suspended in 100 pul metrigel (Corning, USA) in the right flank of
mice using a 29 - gauge needle (BD, USA). Treatment was initiated when the tumors
were approximately 100-150 mm?3. The mice were randomly divided into 4 groups
and treated with 20 pl of normal saline, 10 mg/kg of 5-FU (Sigma, USA), 20 mg/kg
of CEP (Abcam, UK) and 10 mg/kg of 5-FU in combination with 20 mg/kg of CEP.
All animals received drugs by intraperitoneal injection every other day for 3 weeks.

Tumor size was measured in two perpendicular diameters using a caliper every other
day and tumor volume was calculated based on the following equation: tumor volume

mmd) - 1,2 (length x (width) 2 (15;. At the end of the treatment, mice were sacrificed
and the tumors were dissected out and snap-frozen in liquid nitrogen for further study.

Quantitative real-time RT-PCR

Total cellular RNA was isolated from tumor tissue using TRIzol reagent
(Invitrogen, USA)and mRNA was converted into cDNA using Improm-11™ Reverse

Transcription system (Promega, USA). Amplification of target genes was carried out
using SYBR Green gPCR super mix universal (Invitrogen, USA) with the specific
primers listed in Table 1. GAPDH was used as an internal control. Real-time reactions
were run on StepOnePlus Real-Time PCR (Thermo Fisher Scientific, USA)with the
following cycling conditions: 50°C for 2 min, 95 °C for 2 min, and 40 cycles of 95°C
for 30s, 60 °C for 30s, and 72°C for 30s. The fold change in gene expression
normalized to GAPDH and relative to the expression in vehicle treatment was
calculated using the 244,

Table 1. Sequences of primers used for quantitative real-time RT-PCR

Target Gene Primer sequences
Forward: 5-- AAGGTCGGAGTCAACGGATTTGGT-3
GAPDH Reverse: 5- ATGGCATGGACTGTGGTCATGAGT-3:

Forward: 5-GACGAACTGGACAGTAACATG-3

BAX Reverse. 5-AGGAAGTCCAATGTCCAGCC-3
Forward: 5-AGCTGCCATGGTAATCTAACTCA-3

BAK Reverse: 5-GATGTGGAGCGAAGGTCACT-3:

B2 Forward:5-TCATGTGTGTGGAGAGCGTCAA-3
Reverse: 5-CTACTGCTTTAGTGAACCTTTTGC-3

Bl Forward:5-TTGGACAATGGACTGGTTGA-3

Reverse:5-GTAGAGTGGATGGTCAGTG-3

Statistical analysis
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All data are presented as mean * standard error of mean (SEM). Statistical
analysis of data was performed by one-way analysis of variance (ANOVA, followed
by Bonferroni;Dunn post hoc using SPSS statistics 21 software (IBM Corporation,
USA). The difference is considered significant if p < 0.05.

Results

The growth-inhibitory effects of CEP and 5-FU in a colon cancer xenograft model

Previously, we have found that CEP could enhance anticancer effect of 5-FU
against colon cancer in vitro. In the present study, we therefore evaluated whether
CEP can increase the antitumor activity of 5-FU in a colon cancer xenograft mouse
model. HT-29 tumor bearing mice were treated with either 5-FU or CEP alone or 5-
FU in combination with CEP. As shown in Fig. 1A, the tumor volumes of the 5-FU-
treated mice were similar to those of the control group, indicating that 5-FU alone
was unable to control the growth of HT-29 tumor. In contrast to 5-FU, CEP alone
significantly delayed tumor growth, with respect to the control and 5-FU groups.
Remarkably, combination treatment with CEP and 5-FU was more effective in
controlling the growth of tumor. At the end of the treatment, the tumor volumes of
the combination group were 3 times less than those of the control group. Similarly,
the combination treatment significantly decreased the tumor weight by more than
half of the control group (Fig. 1B, p<0.05). Of note, there were no significant changes
in body weight from the baseline in any treatment group (Fig. 1C), suggesting that the
single treatment with either 5-FU or CEP alone and the combination treatment of 5-
FU and CEP are safe.
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Figure 1 The anticancer effect of 5-FU or CEP alone and 5-FU in combination with
CEP in a colon cancer xenografted mouse model. (A) Tumor volume were measured
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every other day (B) Tumor weight was determined at the end of experiment and (C)
Body weight measured every other day . Results of the control and 5-FU groups were
presented as means (n = 2) whereas results of the CEP and combination groups were
presented as means + SEM (n =3), p10.05, “p[10.01, “p10.001 compared with control
and *p[10.05, #p[10.01, *#p10.001 compared with 5-FU.

The effect of CEP and 5-FU on the expression of Bcl-2 family mRNAs in a mouse

xenograft model
The levels of pro-apoptosis (Bak and Bax) and anti-apoptosis (Bcl-2 and Bcl-

xh mRNAs were measured by quantitative real-time RT-PCR. As shown in Fig. 2A,
CEP alone significantly up-regulated Bak mRNA expression, with respect the control
and 5-FU alone groups. Interestingly, the combination treatment of 5-FU and CEP
significantly increased mRNA level of Bak, which was approximately 3 times above
that of the control group (p < 0.01). Moreover, the expression of Bak in the treatment

of 5-FU combined with CEP was significantly higher than that in the single treatment
of with either 5-FU or CEP alone. Similar to Bak, the combination treatment
significantly up-regulated the expression of Bax, another pro-apoptotic member of
BCI-2 family (Fig. 2B, p< 0.01). Conversely, there were no significant difference in
the expression of anti-apoptotic Bcl-2 and Bcl-xlI mRNAs in any treatment groups
(Fig.2C & D). Taken together, these results suggest that CEP may enhance anti-cancer
activity of 5-FU by up-regulating the expression of Bak and Bax.
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Figure 2 The effect of 5-FU and CEP on the mRNAs expression of (A) Bak, (B) Bax,
(C)Bclxl,and (D) Bcl-2in a xenograft mouse model. Results were presented as means
+ SEM (n=3).’pJ0.05, "p10.01 compared with control, *p[10.05, #p[10.01 compared with 5-FU, @
pJ0.05 compared with CEP.

Discussion

We have previously found that CEP increased anticancer effect of 5-FU in
colon cancer in vitro. In the present study, we examined the effects of CEP alone and
in combination with 5-FU in a colon cancer xenograft model. The results showed that

CEP alone significantly inhibited the growth of tumor when compared with the
control group (Fig. 1A). Notably, the combination treatment with CEP and 5-FU

significantly decreased tumor size and tumor weight, with respect to the treatment
with 5-FU, alone. Several studies reported that CEP inhibited tumor growth by

inducing apoptosis through up-regulation of pro-apoptotic gene, Bax and down-
regulation of anti-apoptotic genes, Bcl-2 and Bcl-xI in many cancer cells(7, 8, 161.In
the present study, we demonstrated that combination treatment of CEP and 5-FU
significantly up-regulated the expression of Bak and Bax mRNA (Fig. 2A & B).
Collectively, it is likely that up-regulation of pro-apoptotic regulators, Bak and Bax
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are responsible for the synergistic effects of CEP on anticancer activity of 5-FU
against human colon cancer.

Conclusion

This study clearly illustrated that treatment with either CEP alone or CEP in
combination with 5-FU effectively controlled the growth of colon cancer in a mouse

xenograft model. The combination treatment significantly up-regulated the mRNA
levels of Bak and Bax. Therefore, this investigation suggests that CEP can potentially

be used either alone or in combination with other chemotherapeutic agents for colon
cancer treatment.
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Standardized Extract of Centella asiatica ECa 233 Decreased ROS
Production in LPS-Induced Skin Keratinocyte and Macrophage

Cells
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Abstract

Reactive oxygen species (ROS) are key signaling molecules that play an important
role in the progression of inflammatory disorders. An enhanced ROS generation by
inflammatory cells at the site of inflammation causes tissue injury. Centella asiatica
(L) Urban has been used traditionally in various skin diseases. The aim of this study
was to examine effects of the standard extract of C. asiatica ECa 233 on
lipopolysaccharide (LPS)-induced ROS production in human keratinocytes (HaCaT)
and mouse macrophage (RAW264.7) cells. The ROS generation was determined by
using dichlorodihydrofluorescein diacetate (DCFH-DA) assay. The results showed
that standard extract of C. asiatica ECa 233 (0.1, 1, 10 and 100 pg/mL) significantly

decreased the intracellular levels of ROS production similar to those observed in
dexamethasone treatment (1 pg/mL) in RAW264.7 cells. Furthermore, ECa 233 (10

and 100 pg/mL) remarkably attenuated the increased ROS levels after induction in
HaCaT cells. These results indicate that ECa 233 treatment could alleviate LPS-
induced ROS production in both HaCaT and RAW 264.7 cells. Our information
regarding the anti-oxidant effect of ECa 233 has provided an incentive to test its
therapeutic potential for oxidative stress in the future.
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Introduction

Reactive oxygen species (ROS), including peroxide, superoxide anion and
hydroxyl radical as well as reactive nitrogen species (RNS)such as nitric oxide (NO)

act as an important biochemical mediators for the pathogenesis of inflammatory
disorders. An increased ROS and RNS production cause the reduction of endogenous

antioxidants, finally resulting in cell injury and contributing to a number of human
diseases such as cancer, degenerative diseases, cardiovascular diseases, diabetes, and
aging.

Centella asiatica is a medicinal plant in family Apiaceae that has been used
as a traditional medicine for the treatment of eczema, psoriasis, and leprosy.? The
major compounds are asiaticoside, asiatic acid, madecassoside and madecassic
acid. >* Asiaticoside which is the most abundant triterpene glycoside has the

beneficial effect in wound healing.® In addition, the extracts of this plant and its active
components possess several pharmacological activities, such as anti- oxidant

effect®’891011 " learning and memory improvement!?, decreased lipid peroxidation
in the brain.*® Thus, this plant was extensively studied which aim to develop as an

alternative for several pathological symptoms. The potential effect of C. asiatica in
antioxidant effect was evaluated both in vitro and in vivo. Previous studies found that
C. asiatica attenuated the oxidative stress by increased the anti-oxidant enzyme
including superoxide dismutase, catalase and glutathione peroxidase. %' The
standard extract of C. asiatica ECa233, characterized with well-defined ratio of the
active ingredients by Tantisira M.H.and collaborates.** However, at present there has
been little evidence to encourage antioxidative activity of standard extract of C.
asiatica ECa233. In this study, we investigated the inhibitory effect of a standardized
extract of C. asiatica ECa 233 on ROS production in lipopolysaccharide (LPS)-
induced human keratinocytes (HaCaT)and mouse macrophage (RAW264.7) cells.

Materials and Methods

Reagents
Dulbecco’s modified Eagle's medium (DMEM), fetal bovine serum (FBS), L-

glutamine, penicillin/ streptomycin were purchased from Gibco BRL Life
technologies (Grand Island, NY, USA). 2(1,7(1-dichlorofluorescein diacetate (DCFH-
DA), 3-(4,5-dimethylthiazol- 2- yl) - 2,5- diphenyltetrazolium bromide (MTT) and
dimethylsulfoxide (DMSO) were obtained from Sigma (St. Louis, MO, USA).

Keratinocyte culture
The standardized C. asiatica extract ECa233 was kindly provided from

Associate Professor Mayuree Tantisira, Ph.D., Faculty of Pharmaceutical Science,
Burapha University, was dissolved in a 10% DMSO and treated to cell cultures at
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final concentrations of 0.1-100 ug/mL. The DMSO concentration in culture medium
was always less than 0.1+ (v/v), which was non-toxic to the cells. The standardized
extract of C asiatica ECa 233 contains not less than 80+ triterpenoids and the ratio
between madecassoside and asiaticoside was maintained within 1.5+0.5.# Human
keratinocytes ( HaCaT) cell line were obtained from CLS Cell Line Service
(Heidelberg, Germany) and mouse macrophage (RAW264.7) cells were purchased
from ATCC (Manassas, VA, USA). The cells were maintained in DMEM containing
10% FBS, penicillin (100 U/mLystreptomycin (100 pg/mL) and 2 mM L-glutamine in
a humidified atmosphere at 37 °C and 5% COx.

Cytotoxicity of ECa 233 in HaCaT cells
HaCaT were grown in 96-well plate at a density of 1x10* cells/well and

incubated for 24 h with the standardized C. asiatica extract ECa233 at the
concentrations of 0, 0.001, 0.01, 0.1, 1, 10, 100 and 1000 pg/mL. RAW 264.7 cells
were exposed with the standardized C. asiatica extract ECa233 at the concentrations
of 0, 0.1, 1, 10, 100 and 1000 pg/mL. The MTT assay was used to determine the
viability of cells. The 0.5 mg/mL of MTT solution was added and incubated for 2 h
at 37 °C. Then, the optical density was determined at 570 nm using a microplate
reader (Bio-tex, Highland Park, USA..

Measurement of cell viability in the presence or absence of ECa 233 on LPS
induced cells
HaCaT and RAW264.7 cells were cultured in 96-well plates at the density of

5x10* cells/well. After 24 h of incubation, cells were stimulated with LPS in the
presence or absence of various concentrations of ECa 233 (0.1, 1, 10 and 100 pg/mL,)
for 24 h. Dexamethasone (1 pg/mL) was used as a reference drug. The cell viability
was determined using MTT assay.

Determination of intracellular ROS production in HaCaT and RAW264.7 cells
Intracellular ROS production in HaCaT and RAW264.7 cells was assayed

through the oxidation of DCFH-DA. Briefly, HaCaT and RAW264.7 cells were

cultured in 96-well plates at the density of 5x10* cellswell. After 24 h of incubation,

cells were stimulated with LPS in the presence or absence of various concentrations
of ECa 233 (0.1, 1, 10 and 100 pg/mL,) for 24 h. Dexamethasone (1 pg/mL) was used

as a reference drug. Then, the cells were washed and exposed to 50 uM of DCFH-
DA for 1 h, at 37 °C in dark condition. The fluorescence of DCF was determined
using a fluorescence microplate reader (Bio-tex, Highland Park, USA) at an excitation
wavelength of 485 nm and an emission wavelength of 530 nm. The fluorescence
intensity corresponded to the levels of intracellular ROS generated. Intracellular ROS
levels were expressed in term of the percentage of the control.
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Statistical analysis

Statistical analysis was performed using the SPSS version 16.0 for Windows
software. All data were expressed as mean=SEM. ANOVA was used for testing the

differences of the mean values among groups and pairwise comparison between
groups was analyzed by LSD post hoc test. Values of P<0.05 were considered to be

statistically significant.

Results

Cytotoxicity of the standardized extract C. asiatica ECa 233.
In order to evaluate the toxicity of ECa 233, HaCaT cells were exposed with
the ECa 233 at the concentrations of 0, 0.001, 0.01, 0.1, 1, 10, 100 and 1000 pg/mL

for 24 h. The ECa 233 only at dose of 1,000 pg/mL significantly decreased cell
viability to 75.38+4.90% of the control after 24 h of exposure (Figure 1). In contrast,
in RAW 264.7, ECa 233 did not significantly decrease cell viability at concentration
up to 1000 pg/mL (Figure 2). Additionally, the cells were treated with 0.1-100 pg/mL
ECa 233 revealed non-toxic effects on skin keratinocytes and macrophage cells.
Subsequently, 4 non-cytotoxic dosage of ECa 233 were chosen to test the anti-
oxidative activity.
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Figure 1. Cytotoxicity effect of the ECa 233 on human skin keratinocyte cells. Cells
were exposed to 0.001-1000 pg/mL of ECa 233 for 24 h. Cytotoxicity was determined
by MTT assay. The results were presented as a percentage of the control. Data are
expressed as the mean £ SEM (n=4). »P< 0.05 versus an untreated control (0.1%
DMSO,.
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Figure 2. Cytotoxicity effect of the ECa 233 on RAW264.7 macrophage cells. Cells
were exposed to 0.1-1000 pg/mL of ECa 233 for 24 h. Cytotoxicity was determined
by MTT assay. The results were presented as a percentage of the control. Data are
expressed as the mean £ SEM n-=4).

Effect of ECa 233 and dexamethasone on LPS induced ROS production in HaCaT
and RAW264.7 cells

In RAW264.7 macrophage cells, LPS (1 pg/mL) significantly increased the
generation of ROS to 180.99+28.88 of the control. Treatment with ECa 233 (0.1, 1,
10 and 100 pgmL) and dexamethasone (1 pg/mL) significantly inhibited the LPS-
induced ROS production to 119.31+8.70, 118.56+21.17, 112.43+26.69, 109.36+8.22
and 103.47+19.84« of the control, respectively (Figure 3). As shown in Figure 4, the
productions of ROS in HaCaT cells were significantly increased 140.24+23.09 v of
the control in response to LPS stimuli. Nevertheless, the ROS production in HaCaT
was significantly inhibited by ECa 233 (10 and 100 pg/mL) with 121.16+8.65 and
116.91+1 49 of the control and dexamethasone (1 pg/mL) with 105.24+16.45+ of the
control. ECa 233 and dexamethasone treatment alone did not apparently alter the
generation of ROS in both cell types (Figure 3 and 4).
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Figure 3. Effect of ECa 233 and dexamethasone on LPS-induced ROS production in
RAW?264.7 macrophage cells. ROS production was determined by DCFH-DA assay.
Data are mean+SEM from four independent experiments. Differences among groups
were evaluated by one-way ANOVA followed by LSD post hoc test. =P<0.05
compared with control (0.1% DMSO), =<P<0.05 compared with LPS.
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Figure 4. Effect of ECa 233 and dexamethasone on LPS-induced ROS production in
HaCaT keratinocyte cells. Data are mean+SEM from four independent experiments.
Differences among groups were evaluated by one-way ANOVA followed by LSD
post hoc test. «P<0.05 compared with control (0.1 DMSO), =+P<0.05 compared with

LPS.
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Effect of ECa 233 and dexamethasone on cell viability in LPS induced HaCaT
and RAW264.7 cells

After stimulation with LPS in the presence or absence of various
concentrations of ECa 233 (0.1, 1, 10 and 100 pg/mL) for 24 h in RAW 264.7 and
HaCaT cells, it was found that ECa 233 did not evidently affect the viability of
RAW264.7 (Figure 5) and HaCaT (Figure 6) cells. The results from this study imply
that ROS suppression by ECa 233 and dexamethasone was not due to chemically
induced cytotoxicity at any dosage in both cell types.
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Figure 5. The effect of ECa 233 on cell viability in LPS-induced RAW264.7 cells.
Cells were stimulated with LPS (1 pg/mL) in the absence or presence of ECa 233 (0.1,
1, 10 and 100 pg/mL, for 24. Cell viability was determined by MTT assay. The results
were presented as a percentage of the control. Data are expressed as the mean + SEM

(nN=4).
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Figure 6. The effect of ECa 233 on cell viability in LPS-induced HaCaT cells. Cells
were stimulated with LPS (10 ug/mL) in the absence or presence of ECa 233 (0.1, 1,
10 and 100 pg/mL) for 24 h. Cell viability was determined by MTT assay. The results
were presented as a percentage of the control. Data are expressed as the mean + SEM
(n=4).

Discussion

Centella asiatica is a source of natural bioactive constituents, triterpenoid
saponins, flavonoids, phenolic acids and triterpenic steroids.>1¢ C. asiatica is used

in the treatment of dermatological conditions including small wounds, hypertrophic
wounds, burns and psoriasis.!’ It was observed that C. asiatica extract stimulated the

fibroblast proliferation and decreased the formation of stretch marks and
inflammatory reactions. Moreover, C. asiatica is used as an active compound in skin

care because of its antioxidant, anti-inflammatory, and anti-aging activity'® Our MTT
assay showed that ECa 233 (0.1-100 pg/mL) exposure was not reduced cell viability
in keratinocytes and macrophage cells. These findings were consistent to the
observation found in IMR-32 neuroblastoma cells®®. The imbalance between reactive
oxygen species (e.g. superoxide anion, hydrogen peroxide) overproduction and

reduction of intracellular antioxidative protection resulted in the damage to cell
structures (lipids, proteins, and DNA) which are oxidized and therefore leads to

cellular dysfunction and ultimately cell death. Our study indicated thata standardized
extract of C. asiatica ECa 233 treatment can significantly decrease in the generation
of ROS in LPS-induced keratinocytes and macrophage cells which implied that ECa
233 had an anti-oxidative potential. Treatment with dexamethasone produced a
significantly decreased level of ROS. These findings were consistent to the
observation found in in vitro and in vivo. %"®® Previous study showed that
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administration of C. asiatica extract caused a decrease plasma malonaldehyde level
in hydrogen peroxide induced oxidative stress in rats.® This may be due to the high
content of phenolic and triterpenoid presence in the C. asiatica extract. Besides, they

are considered as a potent superoxide and hydroxyl radical scavengers and was
consistent to previous studies.®’ In addition, C. asiatica contains biologically active

compounds which prevents and protect the vital organs from oxidative damage.®
Furthermore, C. asiatica increased the anti- oxidant enzymes, like superoxide
dismutase, catalase and glutathione peroxidase, and anti- oxidants like
glutathione.1®!! Thus, the finding in this study supported the anti-oxidative role of
standardized extract of C. asiatica ECa 233.

Conclusion

This study demonstrated that the level of intracellular ROS was significantly
decreased in keratinocyte HaCaT and macrophage RAW?264.7 cells after treatment

with a standardized extract of C. asiatica ECa233, indicating antioxidant activity. The
cellular mechanisms underlying the anti-inflammatory and antioxidant activity of
ECa 233 in both HaCaT keratinocyte and RAW264.7 macrophage cells are needed
to be further explored.
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Abstract

Cholangiocarcinoma (CCA) is a malignant tumor arising from epithelial cells
of biliary tract. CCA is difficult in diagnosis until the patients are at the advanced
stage and the treatment is usually ineffective. Resulting in poor progno-sis. Piper
nigrum was used in traditional medicine for various conditions. In this study we
focused on piperine free P. nigrum extract (PFPE). PFPE has been reported to be
effective against breast cancer cells and nitrosomethylurea ¢ NMU) - induced
mammary tumorigenesis in rats. Moreover, PFPE showed no acute toxicity in rats
during a 14-day observation period. The aim of this present study was to investigate
whether PFPE could inhibit cholangiocarcinoma cells, KKU-M213. The cells were
treated with PFPE at 0-80 pg/mL for 48 h and cell viability was assessed by MTT
assay. The protein expressions of p53, p21, caspase-3 and c-Myc were detected by
Western blotting after PFPE treatment at the 1Cso concentration-for 0-96 h. We found
that PFPE inhibited CCA cells proliferation with 1Cso of 13.69+1.14 ng/mL. PFPE
increased protein levels of p53, p21 and caspase-3 and down-regulated c-Myc. The

mechanism of PFPE is suggested to be involved with inhibition of cell cycle and
induction of apoptosis. These data provide evidences of anticancer mechanism of

PFPE. However, more studies are needed for elucidating the mechanisms on
signaling pathway in CCA cells.
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Abstract

Ineffective erythropoiesis and iron overload are evidenced to be the causes
of osteoporosis in B-thalassemia patients. Particularly, the excessive iron deposition
in vital organs often leads to morbidity and mortality in patients with thalassemia.
However, little is known about the iron distribution and deposit in the bone and joints
of patients with B-thalassemia as well as the effectiveness of iron chelator in
removing iron deposits from the bone. Therefore, the present study aimed to
investigate these by evaluating bone mineral density (BMD) and iron distribution and
iron deposits in the leg bones including femur, tibia and the knee joint of iron
overloaded B-globin knockout (BKO) thalassemic mice. The results showed that BMD
was not affected by the disease and the iron overload condition. Moreover, it was

observed that iron accumulated in the bone marrow, compact bone, and trabecular
bone of iron overloaded BKO mice, as well as in the cells found in the surface of
bone. However, after treatment with deferiprone (L1), less accumulation of iron was

observed in these areas, suggesting that L1 may be effective in removing iron in the
bone.

Keywords: Ineffective erythropoiesis, iron overload, osteoporosis, B-thalassemia,
deferiprone
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Introduction

Ineffective erythropoiesis and iron overload are the causes of osteoporosis in
[-thalassemia patients. Osteoporosis caused by ineffective erythropoiesis may be due
to dramatic bone marrow expansion which interrupts bone formation.

An excess accumulation of iron in multiple organs, especially in bone and
joints, can result in osteopenia and osteoporosis. Several studies have shown that

there was a decrease in bone mineral density and deterioration in the bone
microarchitecture in the iron overloaded micel?and in patients presenting with iron
overload®. Moreover, arthropathy has also been investigated in iron overloaded

patients with p-thalassemia who were found to have iron deposit in both knees of
these patients*.

Since the excessive iron deposition in many organs are known to be the cause
of morbidity and mortality in patients with thalassemia, iron chelators are required
to reduce iron deposition in these patients®. Although several studies have been

investigated the effectiveness of iron chelators in multiple vital organs of [-
thalassemic mice as well as iron overloaded mice models. Little is known about the

iron distribution and accumulation in the bone as well as the effectiveness of iron
chelators in removing iron deposits from the bone and joints of patients with f-

thalassemia. Therefore, the present study aimed to investigate this by using the p-
globin knockout (BKO) mice as a model of human -thalassemia intermedia.

Materials and Methods

Seven-week-old wild type C57BL/6J mice (WT) were used as a WT control
group. The heterozygous B-globin knockout BKO) mice (Hbb'"3 BKO)weighing 17-
25 g were randomly divided into 3 groups (n=5), i.e.,, BKO normal control (N), iron
overloaded (1), and iron chelator-treated groups deferiprone; L1). BKO normal control

group was intraperitoneally loaded with saline whereas iron overloaded group was
intraperitoneally loaded with 20 mg (1 dose) iron dextran per mouse once daily, total

180 mg (9 doses) of iron dextran/mouse during 2 weeks®. The mice with iron chelator-
treated group was intraperitoneally treated with L1 0.6 pumol 80 pgyg body weight
for 7 days starting 3 days after receiving the final dose of iron dextran injection. The
mice were euthanized 24 h after iron chelator administration’. Both left and right legs
were finally collected for X-ray and histological analyses. Experimental protocol
(Protocol No. MUSC60-003-353) was approved by the Animal Ethics Committee at
the Faculty of Science, Mahidol University of Thailand.

X-ray is a two-dimensional technique for assessment of bone mineral density
(BMD) change. One leg of mouse from each group was scanned and then
deterioration in the trabecular architecture was analyzed from X-ray image by using
image J Ver.147i. software (The National Institutes of Health, Maryland, United
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States. Each pixel from X-ray image was analyzed at the grayscale level and
eventually a histogram was created. Integrated pixel value from the histogram was
then recorded.

Leg bone was fixed in 4« paraformaldehyde, 5% sucrose in 150 mmol/L PBS,
pH 7.4 for 24-48 h, decalcified with 10% EDTA for 2 weeks and embedded in paraffin.

The sagittal sections of the leg bone were stained for histological examination and
for investigating iron deposition using hematoxylin and eosin (H&E), and Perl's

Prussian blue, respectively. The Perl's Prussian stained digital images were obtained
by using a fluorescence microscope (Olympus BX53, Olympus, Tokyo, Japan. and
the semi-quantitative analysis of iron deposit in the trabecular and compact bone
were performed using image J Ver.1.47i software (The National Institutes of Health,
Maryland, United States).

Results and Discussion

The analysis of X-ray images showed that no significant difference in
integrated pixel value of distal femur and proximal tibia was observed in any
investigated groups (Figure 1), suggesting that BMD was not affected by the disease

and the iron overload condition. Although X-ray can be used to assess BMD?, in the
present study was unable to detect the changes in BMD by using this technique. This

may be due to the insensitivity of this technique, in which it is required
approximately 20-40+ of bone loss for accurately detected®. Therefore, further study

using Micro-CT, a three-dimensional technique, which has better sensitivity than X-
ray method is required for quantifying BMD.

Distal femur Proximal tibia
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Figure 1. Image analysis of bone densities in distal femur and proximal tibia. WT,
wild-type control; N, control; 1, iron overload; I+L1, iron
overload-deferiprone; BKO, B-knockout. These data show the mean
+SEM (n=5), P < 0.05.
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Based on gross examination of the tissue slides, in which iron was detected
by staining with Perl's Prussian blue (blue stain), as expected, iron was found to
accumulate in the bone marrow of iron overloaded BKO mice (Figure 2). In

addition, iron was also found in the compact bone and trabecular bone as well
as in the cells found in the surface of bone. However, this accumulation was not

observed in WT and BKO mice. Consistent with the present finding, it was reported
that iron accumulated abundantly in bone marrow of the iron-overloaded male mice?
and trabecular surface of HFE” mice, a mouse model of hemochromatosis®®. In
addition, iron was also reported to accumulate along mineralization fronts and
osteoid surfaces in thalassemic patients with iron overload®!. Interestingly, iron was
not found in the articular cartilage of both femur and tibia bone as indicated by lack
of blue stained (Figure 2). Moreover, iniron overloaded BKO mice treated with L1,
iron appeared to accumulate with lesser amount in the areas indicated above,
suggesting that L1 may be effective in removing iron in the bone.
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Figure 2. Perl's Prussian blue staining in decalcified bone section at 40x original
magnification (A), in iron overloaded (C), DF-treated (D) BKO, normal
wild-type (E), control BKO (F)and Articular cartilage was not stained
Perl's Prussian blue (B) at 200x original magnification. Arrow indicated
iron deposits in cells. AC: articular cartilage, C: compact bone, T:
trabeculae, BM: bone marrow.

Conclusion

This study demonstrated that BMD was not affected by the disease and the
iron overload condition when assessed by using X-ray method. However, further
investigations using micro-CT technique are required to confirm this finding. In

addition, accumulation of iron was found in the bone marrow, compact bone, and
trabecular bone of iron overloaded BKO mice, as well as in the cells that were found
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in the surface of bone. The result in this study suggested that the current available
iron chelator, deferiprone (L1) could be as effective in chelating iron as previously
seen in well-studied tissues such as heart and liver, which in turn could improve the
quality of life of aging patients with thalassemia.
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Abstract

Insulin fibrillation is a physical process in which non-native insulin molecules
interact with each other to form insulin aggregates, resulting in insulin fibrils. There
are many environmental factors affecting insulin fibril formation such as protein
concentration, temperature, pH and agitation. These aggregates are formed during

production process of insulin injection and also known to form around insulin
injection sites in diabetic patients. Current approaches for preventing insulin

fibrillation are small molecules from natural products that specifically and efficiently
inhibit the aggregation process. Cyanidin-3-rutinoside (C3R), a natural anthocyanin

widely exists in fruits and vegetables, has been reported to possess anti-oxidant and
anti-hyperglycemia activity. The aim of study was to examine the effect of C3R on
of the formation of insulin fibrillation. The various factors of the insulin fibrillation
process including insulin concentration (0.5 and 1 mg/mL), temperature (37°C and
60°C), pH (acidic pH and neutral pH), incubation time (24 hy, and agitation were
investigated. The formation of insulin fibril was measured using thioflavin-T (ThT)

fluorescence assay, fluorescence microscopy and transmission electron microscopy
(TEM). The results demonstrated that an increase in insulin concentration, elevated

temperature, acidic pH, incubation time and agitation resulted in faster growth and
higher amount of insulin fibrils (p<0.05). The selected conditions for induction of

insulin fibrillation were insulin concentration of 1 mg/mL at 37°C under pH 1.6 and
250 rpm agitation for 24 h. The presence of C3R in solution at the molar ratio of
insulin:C3R 1.0.0625 and 1.0.125 significantly reduced amyloid formation of insulin.

Moreover, C3R interrupted the performed insulin fibril and altered the morphology
of mature insulin fibrils into short and thinner bundled fibrils. These findings suggest

Address correspondence and reprint request to: Sirichai Adisakwattana, Department of Nutrition
and Dieetics, Faculty of Allied Health Sciences, Chulalongkorn University, Bangkok 10330, Thailand.
E-mail address: sirichaia@chulaac.th
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that C3R could protect against insulin amyloid formation. Therefore, C3R may be a
promising agent for prevention of the formation of insulin fibrillation.

Keywords: Insulin, amyloid fibril, cyanidin-3-rutinoside, morphology
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Introduction

Insulin fibrillation is a physical process by which partially unfolded insulin
molecules that subsequently interact with each other to form linear aggregates,
resulting in mature insulin fibrils®. Insulin forms amyloid like fibrils under a variety
of conditions such as insulin concentration, temperature, pH and agitation?>. The
formation of insulin fibrils is a problem in biotechnological applications because
insulin fibrils can be formed during production process of insulin injection?
Moreover, insulin fibrils have been observed in patients with diabetes after repeated
subcutaneous insulin injection which cause the impairment of insulin absorption and
associating with severe insulin resistance®

Natural bioactive compounds such as curcumin, quercetin and gallic acid
showed an effective inhibitory activity on amyloid fibril formation®. Anthocyanins, a
natural phytochemical, have been demonstrated a number of pharmacological
properties including anti- inflammation, anti- carcinogenic, cardioprotective,

neuroprotective, anti-diabetic activities and also inhibiting amyloid fibrillation®.
Cyanidin-3-rutinoside (C3R), a naturally occurring anthocyanin, has been found with
high content in vegetables and fruits’. Previous studies showed that C3R potentially
inhibited the formation of advanced glycation end products (AGEs), the damage of
oxidative- dependent protein®. C3R also showed anti- hyperglycemic activities by
inhibiting o-glucosidase and pancreatic a-amylase in vitro and in vivo® However, no

research has evaluated the potential effectiveness of C3R in relation to its activity
against insulin fibril formation in vitro. Therefore, the purpose of this study was to

investigate the effects of C3R on formation of insulin fibrils derived from
recombinant human insulin.

Materials and Methods

Chemicals and reagents
Recombinant human insulin (MW 5807.6 g/mol) was purchased from MP

Biomedicals, LLC, clllkirch, France). Hydrochloric acid, sodium hydroxide and
thioflavin-T (ThT) were purchased from Sigma-Aldrich Co. (St. Louis, USA). Other
reagents were of analytical grade.

Cyanidin-3-rutinoside (C3R, synthesis

Cyanidin-3-rutinoside was synthesized according to a previous study®. Rutin
or quercetin-3-O-rutinoside was dissolved in 3% methanol-HCI to give C3R by mixing
with zinc amalgam. The C3R was purified by column chromatography. Thereafter,
the methanolic solution of C3R was gently evaporated by using a rotary evaporator.

Preparation of insulin fibrils
Insulin fibril was prepared according to the previous study®®. Insulin solution

0.5 and 1 mg/mL) was freshly prepared in 0.025M HCI with 0.1M NaCl (pH 1.6). For
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studying the effect of temperature on insulin fibrillation, 0.5 and 1 mg/mL insulin
solution were incubated at 37°C and 60°C. The effect of pH on insulin fibrillation
was studied by using 0.5 and 1 mg/mL insulin which was dissolved in 0.025M HCI
with 0.1M NaCl at pH 1.6 or 20 mM phosphate buffer with 0.1M NaCl at pH 7.4. The

effect of agitation on insulin fibrillation was studied by incubating the samples with
and without shaking at 250 rpm. For investigating the effect of C3R on insulin

fibrillation, 0.5 and 1 mg/mL insulin solution were mixed with C3R to get 1.0,
1:0.0625 and 1:0.125 molar ratio of insulin: C3R complexes. Then, they were
incubated at 37°C under stirring condition at 250 rpm for 24 h. Insulin fibrils were
collected at every hour.

Determination of insulin fibrillation

Insulin fibrils formation was measured by Thioflavin-T, a fluorescent dye,
according to the previous study®®. Briefly, insulin fibril was mixed with 20 uM ThT
solution. ThT fluorescence intensity was measured at the excitation wavelength of
435 nm and emission wavelength of 485 nm. The formation of insulin fibril was
observed by using a fluorescence microscope ( Nikon eclipse Ts2-FL). The

characterization of insulin fibrils was detected by using transmission electron
microscopy (TEM) according to the previous study with slight modification®®.

Samples were dropped onto Formvar- carbon coated copper- mesh grids and
negatively stained with 1% (w/v) uranyl acetate. Observations were carried out using
an electron microscope with an accelerating voltage of 80 kV.

Statistical analysis
The experiments were performed in triplicate and the values were presented
as means + SD. Data was analyzed using one-way ANOVA, followed by Duncan-s

post hoc test. Difference was considered statistically significant at P-value < 0.05.

Results

Effects of environmental factors on the kinetics of insulin fibril formation

As shown in Figure 1A, a significant increase in ThT fluorescence intensity
and faster growth of fibrils were observed after incubating insulin under acidic pH at
60°C without agitation for 24 h, as compared with the control incubated at 37°C
(p<0.05). The pH effect showed that the pH 1.6 caused greater and faster formation

of insulin fibril than at the pH 7.4 (p<0.05) (Figure 1B). Under the absence of agitation,
insulin fibrillation was slightly formed compared to agitation at 250 rpm (p<0.05)
(Figure 1C). Moreover, at 1 mg/mL insulin had higher and faster increase in the
formation of insulin fibril compared to 0.5mg/mL insulin in all conditions. It suggests
that the condition including insulin concentration of 1 mg/mL at 37°C under pH 1.6
and 250 rpm agitation gave a significant growth curve and fibril formation which was
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subjected for further studies (Figure 2A). The results from ThT fluorescence assay
were confirmed by using a fluorescence microscope. As demonstrated in Figure 2B,
insulin (1 mg/mL) showed no fibrils formed at 0 h. After incubation for 24 h, insulin
became aggregate and formed straight needle-like fibrils.
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Figure 1. Kinetics of insulin fibril formation in different environmental factors
measured by ThT fluorescence assay. (A) The effect of temperature on
insulin fibril formation; 0.5 and 1 mg/mL insulin were incubated at 37°C
and 60°C under acid pH for 24 h. (B) The effect of pH on insulin fibril
formation; 0.5 and 1 mg/mL insulin were incubated at 37°C under pH 1.6
and 7.4 for 24 h.(C) the effect of agitation on insulin fibril formation; 0.5
and 1 mg/mL insulin were incubated at 37°C under acid pH with 250 rpm
and non-shaking for 24 h. The results are presented as mean+SEM n=3).
Groups do not shared a common letter are significant difference. P-values
of less than 0.05 are considered as statistically significant.

30
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Figure 2. Kinetics of insulin fibril formation at

Img/ml insulin concentration. (A) The growth curve of insulin fibril
formation measured by ThT fluorescence assay. 1mg/ml insulin was
incubated at 37°C under physiological pH cfilled circle) and 37°C under
acidic pH with 250rpm (open circley for 24 h. (B) Fluorescence
microscopy images of insulin fibril formed; 1mg/ml insulin at 0 h @ and
24 h (b). Scale bar represents 100um. The results were presented as
mean+SEM (n=3). The differences are statistically significant if P-values
< 0.05.

Effects of C3R on insulin amyloid fibril formation

As shown in Figure 3A, when incubating insulin with C3R at various molar
ratios, the insulin fibrils formation was markedly delayed, resulting in a significant
decrease in the final ThT fluorescence intensity (p<0.05). At the 1:0.0625 and 1:0.125

molar ratio of insulin:C3R, they inhibited the insulin fibrils formation by 19.44+ and
29.87%, respectively. Moreover, an increase in molar ratio of insulin:C3R resulted in
an increase in the lag time of the insulin fibril growth. The lag time of insulin alone
after 24 h was 10.3+0.2 h. When C3R was added at 1.0.0625 and 1:0.125 molar ratio
of insulin:C3R, the lag time was increased to 11.9+0.2 and 13.2+0.2 h, respectively
(p<0.05). According to the images from TEM (Figure 3B), no fibril in insulin alone at
0 h was observed. After 24 h of incubation, insulin alone became aggregated and
contained a high density of needle-like fibrils and dense networks of long fibrils. In

the presence of C3R, the insulin assemblies showed different morphologies,
depending on the concentration of C3R added. Small aggregates were found when

insulin was incubated with 1.0.0625 molar ratio of insulin.C3R. At 1.0.125 molar ratio
of insulin:C3R, short and bundled fibrils were observed.
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Figure 3. The effects of C3R on insulin fibril formation. (A) The effects of C3R on
the formation of insulin fibrils measured by ThT fluorescence assay.
Samples were prepared by incubating insulin (1 mg/mL) at 37°C under

acidic pH with 250 rpm for 24 h in the absence and presence of C3R in
different molar ratio. (B) TEM images of insulin:C3R complexes; (a

insulin alone (1 mg/mL) incubated at 37°C under acidic pH at 0 h;
insulin:C3R complexes at 1.0 (b, 1:0.0625 (c) and 1:0.125¢d) molar ratios
after 24 h incubation at 37°C under acidic pH with 250 rpm. Scale bar
represents 0.5 um. The results are presented as mean+=SEM n=3). Groups
do not shared a common letter are significant difference (p<0.05).

Discussion

Insulin fibrillation is a common physical instability problem in the
development of many diseases?. It has been shown that several proteins are able to
interact with each other, resulting in the formation of insulin fibrils under both
physiological and non-physiological conditions*'?3 Insulin aggregates are observed
at the sites of repeated insulin injection in diabetic patients especially in type 1
diabetes* Moreover, it is formed during the production process of insulin injection2,
The changes of native insulins to insulin fibrils can be induced by various factors*?.
In the present study, we found that the tendency to insulin fibrillation increased with
elevated temperature, acidic pH, agitation and an increasing insulin concentration
indicated by ThT fluorescence assay. Previous studies found that exposure of insulin
to extreme temperature, low pH, vigorous agitation and higher insulin concentration
resulted in shorter lag time and faster growth of fibrils'?3 The formation of insulin
fibrils was confirmed by using a fluorescence microscope. It showed a high content
of straight needle-like fibrils, bundles and dense networks of long fibrils.



75

The insulin fibrillation is associated with many diseases and the stability of
insulin injection® There is an important need to identify approaches that may prevent
insulin fibril formation and this study shows for the first time that C3R effectively
inhibited insulin fibrillation. The results reported that C3R at various concentrations

significantly decreased ThT fluorescence intensity, delayed the lag time, and altered
the morphology of mature insulin fibril, indicating C3R can inhibit the formation of
insulin fibrils. These findings consistent with previous studies which showed that
many polyphenols such as ferulic acid, quercetin, epigallocatechin gallate (EGCG)
and quinone can inhibit insulin amyloid fibril formation®1:167 The effectiveness
of C3R in reducing the formation of insulin fibrils can be explained by the effect of
C3R on disturbing the insulin fibril formation. Studies suggested that the inhibitory
activity of polyphenols can occur via several mechanisms which depends on the
chemical structure of compounds?1%16_ It is possible that C3R containing aromatic
rings, hydroxyl groups may interact with amino acid of insulin through hydrophobic
bonding, resulting in inhibition of insulin fibrillation. Additional computational

studies are required for identification of its interaction.

Conclusion

The present study shows that C3R can inhibit insulin fibril formation and
change the mature insulin fibrils into short and thinner fibrils. The results suggest

that C3R may be application to delay the growth of insulin fibrils and prevent the
formation of insulin fibrillation.
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Abstract

Metformin is one of the most antidiabetics commonly used in type 2 diabetes.

A role of metformin against tumorgenesis has currently been implicated and several
studies also reported the lack of anticancer activity of the antidiabetics. To further
elaborate these findings, the aim of study was to investigate effect of metformin on
cytotoxicity in human cervical cancer (HeLa) cell line. The cytotoxicity was
determined using the MTT assay and the alteration of cell morphology was assessed
with an inverted microscope. The results show that metformin dose- and time-
dependently inhibited the growth of HeLa cells and the ICso values were 35.00£2.51
and 30.00+5.64 mM at 12 and 24 h, respectively. In addition, metformin caused a

decrease number of viable cells, and rounded in shaped followed by detached from
the tissue culture plate. We suggest that metformin possesses anti-proliferative

activity via an induction of cell cytotoxic and decreased the growth in HeLa cervical
cancer cell lines.
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Introduction

Cervical cancer was found a high incidence of cancer in women with the new cases
approximately in 470,000 people. The number of deaths from cervical cancer was about

233,000 people per year and 85 percent of cervical cancer cases were found in the
developing countries.® In particularly, patients with preexisting type 2 diabetes (T2DM)

present a higher risk of cancer progression and cancer-related mortality.
Metformin is a biguanide, most widely prescribed drug for T2DM. Furthermore, the

abundant of epidemiologic studies repeatedly marked that T2DM patients taking metformin,
compared to those receiving other antidiabetic medications, had a reduced risk of the
occurrence of various types of cancers.? In addition, this observation was also proved by

numerous meta-analyses confirming that metformin decreases cancer incidence by 30-50%

by efficiently inhibiting the growth of various tumors via the inhibition of mechanistic target
of rapamycin mTOR) dependent and independent on AMP-activated protein kinase (AMPK)

activation.?3 In addition, the study reported that metformin suppressed the proliferation of
cervical cancer cells by regulating apoptosis and autophagy.® The aim of this study was to
investigate cytotoxic and growth inhibitory effects of metformin on cervical cancer cells.

Materials and Methods

Cell line and culture conditions
Human cervical cancer (HelLa cell line were purchased from the American Type

Culture Collection (Manassas, VA, USA) and were cultured in Eagle's Minimum Essential
Medium (EMEM) supplemented with 10% fetal bovine serum, 1% antibiotic and 2 mM L-
glutamine. HeLa cells were maintained in a humidified incubator at 37°C with 5% COx.

Drug and reagents
Metformin and MTT (3-4,5-dimethylthiazol-2-yl-2,5-diphenyl tetrazolium

bromide; were provided from Sigma-Aldrich (St. Louis, MO, USA). The stock
solution was prepared in dimethyl sulfoxide (DMSO) and the final concentration of
DMSO in culture medium was always less than 0.1% (v/v), which was non-toxic to the
cell cultures.

Cytotoxicity assays

The cell viability was assessed using the MTT assay. Hela cells were grown in a 96-
well plate at a density of 1x10* cellswell and incubated for 6, 12, and 24 h with metformin at
the concentrations of 0, 7.5, 10, 25, 30, 35, 40, 45 and 50 mM. After the incubation, 0.5 mg/mL
of MTT solution was added and incubated for 2 h at 37 °C. Then, the insoluble formazan was

dissolved in DMSO and the optical density was determined at 570 nm using a microplate
reader (Bio-tex, Highland Park, USA).

Morphological studies of cell lines
The morphology of HelLa cells were examined with an inverted microscope
(Olympus IX70, Japan) after cells were exposed to metformin at 0, 10, 25 and 50 mM for 6

and 24 h.

Statistical analysis
All data were presented as a mean = SEM. One-way analysis of variance

(ANOVA) was used for testing the differences of the mean values among groups and
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pairwise comparisons between groups were analyzed by Tukey post hoc test. Values
of P<0.05 were considered to be statistically significant.

Result

The cytotoxicity of the metformin in cervical cancer cell line
To examine the cytotoxicity of the metformin, HelLa cells were exposed with the
metformin at the concentrations of 0, 7.5, 10, 25, 30, 35, 40, 45 and 50 mM for 6, 12 and 24

h. The result showed that a treatment with high concentration of the metformin significantly
decreased cell viability compared to an untreated group (Figure 1). A significant toxic dose of
the metformin was 25 to 50 mM, and the half maximal inhibitory concentration (Csp)in HeLa
cells were 35.00+2.51 and 30.00+5.64 mM at 12 and 24 h, respectively.

Effect of metformin on cells morphology of cervical cancer cells
We further examined the cellular morphological changes of HelLa cells after 10, 25
and 50 mM metformin treatment for 6 and 24 h. Cell shrinkage was observed as an early

marker of apoptosis at 6 and 24 h.In addition, other types of morphological changes such

as the cells rounded up, lose contact with their neighbors, detached from the culture plate
and the reduction of cell number were clearly observed at 24 h exposure period when
compare to the control (Figure 2).
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Figure 1. Effect of metformin on HelLa cell viability assessed by MTT assay after 6, 12, and
24 h treatment. Data are shown as mean * SEM of three independent
experiments. * p< 0.05 versus the untreated control.
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Figure 2.  Representative photomicrograph showed the changes of cell morphology of
Hela cells after exposure to metformin for 6 and 24 h. Inverted microscope

examined cell morphology on Hela after treatment with 10, 25 and 50 mM of
metformin.

Discussion

This study was performed primarily to investigate cytotoxicity of metformin on human
cervical cancer HelLa cells. First of all, effects of metformin on cell viability of HeLa cells were

assessed using MTT assay. The results showed that metformin causes significant cytotoxic
effect to cervical cancer cells at the range of metformin concentrations between 25-50 mM
after 12 and 24 h. Our data demonstrated that metformin exhibited cytotoxicity against HeLa
cells in dose-and time-dependent manner, with 1Cso values expressed from 35.00+2.51 at 12
h, and 30.00+£5.64mM at 24 h, respectively. The result from this study was consistent with the

previous study* found that the growth of cervical cancer cell lines such as Caski and SiHa
was inhibited by the metformin in a time- and dose-dependent manner. Moreover, breast
cancer cell, lung cancer cell, prostate cancer cell, and colon cancer cell proliferations have
been inhibited by metformin. %87 During apoptosis process, the distinct morphological

features of apoptotic cells exhibit nuclear fragmentation and chromatin condensation which
initially originate at the peripherally along the nuclear membrane thereafter the apoptotic
nucleus would further condenses in the late stage and eventually breaks up.8 According to
the microscopic examination, metformin treatment could decrease the number of viable
cells, and rounded in shaped followed by detached from the culture plate. Phase contrast

microscopic study revealed morphological changes with the characteristic of apoptosis and
related to the toxicity of metformin. The apoptotic cells demonstrated by the loss of cellular

adhesion and early detachment from their basal membrane which are the apoptotic
characteristics of monolayer adherent cells ® In addition, classical morphologies of apoptosis,
including cell rounding due to shrinkage were observed as early markers of apoptosis.1®
Consistent with this finding, the exposure of metformin induced apoptotic and autophagy in
cervical cancer cells.1!

In conclusion, our present investigation indicated that metformin inhibited growth of
human cervical cancer HelLa cells. However, the cellular mechanisms underlying the
inhibition of cell growth need to be further explored.
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Abstract

B-thalassemiashemoglobin E (Hb E) is one of the most common inherited
hematologic disorders in Southeast Asia characterized by an absence of B-globin
chain. Vascular complications in B-thalassemiasHb E patients were believed to
involve several mediators including reactive oxygen species (ROS) and growth
factors based on both in vitro and in vivo studies. The aim of this study is to determine
the relationship between platelet-derived growth factor-BB (PDGF-BB,), oxidative
stress and their effects on vascular endothelial cells. This pilot study recruited four
healthy volunteers and four B-thalassemiasHb E. Our results demonstrated that
extracellular oxidative stress biomarkers in serum «.e. methemoglobin, lipid
peroxidation products) were elevated in thalassemia group. Nitric oxide (NO)

consumption in thalassemia plasma was significantly higher when compared with
healthy subjects. Additionally, intracellular oxidative signals measured by

dichlorodihydrofluorescein diacetate (DCFH-DA) assay were significantly increased
in thalassemia sera-treated endothelial cells. Although we found high PDGF-BB level

in thalassemia serum, unexpectedly the sera inhibited endothelial cell proliferation
in vitro. We reason that high levels of ROS and bilirubin might play a role in this

phenomenon. The exact mechanisms of such inhibition are currently under
investigation. In all, our data provides clues that oxidative stress may involve in
PDGF-BB-induced vascular complications in thalassemia patients.

Keywords: PDGF, oxidative stress, thalassemia, endothelial, proliferation, complications
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Introduction

B-thalassemia is a group of hereditary disorders caused by a mutation on chromosome 11
resulting in the defective of B-globin synthesis. The most common type of B-thalassemia in Thai
populations is B-thalassemiavhemoglobin E (Hb E)*. Excessive unmatched a-globin chains aggravate
hemolysis that releases free iron and generates reactive oxygen species (ROS) in the blood.

Platelet-derived growth factor (PDGF) ligands are dimeric peptides which participate in
angiogenesis process. Platelets were proposed as the only source of PDGF synthesis; however, recent
evidence showed that endothelial cells (EC), smooth muscle cells (SMC), glial cells, and activated
macrophage could also produce PDGF?.

In particular, PDGF-BB isoform is mostly found in vascular endothelial cells®. Interaction
between PDGF-BB-PDGFR-B regulates endothelial cell proliferation during new blood vessels
formation®. Besides their roles in physiological processes, PDGF-B ligands and PDGFR-B expression

were found significantly increased in inflammatory vessels®’. Administration of imatinib, a PDGF
receptor antagonist, effectively improved pulmonary hypertension and reversed vascular remodeling
in an animal model® and clinical studies® suggesting that overproduction of PDGF-BB play a role in

pathological angiogenic processes.

Endothelial dysfunction generally defines a stage of endothelial cells that impairs normal
vascular mechanical properties. The endothelial dysfunction and vascular remodeling are keys
pathological events leading to a development of vascular complications including atherosclerosis,
pulmonary hypertension, and thromboembolism in thalassemia patients'®*®. Endothelial cells are key

targets of several growth factors and reactive oxygen species (ROS) that involve in the pathogenesis
of vascular disorders; however, the association among PDGF-BB, ROS, and vascular complications
has not been yet studied. In this pilot study, we aimed to investigate an interplay between ROS, PDGF-
BB, and their effects on human pulmonary artery endothelial cells.

Materials and Methods

Subjects and blood collection
Four healthy and four B-thalassemia/Hb E patients were enrolled in this study during

November 2016. The protocol was approved by institutional review board (Ramathibodi hospital,
Mahidol University, Thailand) on Human Rights Related to Research Involving Human Subjects
under project No.ID-03-56-27. Venous clotted and heparinized blood samples were collected and
centrifuged at 1,000 g for 10 minutes at room temperature to obtain serum and plasma respectively.
Hemoglobin typing was performed to confirm p-thalassemia/Hb E diagnosis. Participants with history
of smoking and alcohol consumption were excluded from this study.

Human Pulmonary Artery Endothelial Cell HPAEC) culture

Human Pulmonary Artery Endothelial Cell (HPAEC) was purchased from American Type
Culture Collection (ATCC®, PCS-100-022™). Cells were grown in 75 cm? tissue culture flask using
complete medium under humidified atmosphere of 5% CO; at 37 °C. When the confluency reached
80%, cells were subcultured. All experiments used cells between 4-8 passage. The complete medium
was prepared from vascular cell basal medium (ATCC®, PCS-100-030™) supplemented with 2%
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bovine brain extract (BBE), 2% fetal bovine serum (FBS), 5 ng/ml recombinant human endothelial
growth factor, 10 mM L- glutamine, 0.75 units/ ml heparin sulfate, 1 pg/ mL hydrocortisone
hemisuccinate, and 50 pg/mL ascorbic acid (ATCC®, PCS-100-040™) and 1% penicillin/streptomycin
(Merck, United states).

Measurement of thiobarbituric acid reactive substances (TBARS) in serum

Various concentrations of standard TBARs (i.e. 0, 0.1, 0.2, 0.4, 0.8 and 1.6 uM) was prepared
from 1, 1, 3, 3-tetramethoxypropane standard (TEP) in order to evaluate the concentration of lipid
peroxidation products in healthy and thalassemia plasma samples. In this experiment, these following
reagents including butylated hydroxytoluene (BHT), trichloroacetic acid (TCA),
ethylenediaminetetraacetic acid (EDTA) and thiobarbituric acid (TBA) were mixed with either sera
samples or standard in order to produce lipid peroxidation products, malondialdehyde (MDA).
Reaction takes place at 100 °C for 1 hour. Then, adding butanol at 1:1 v/v following by centrifugation
at 2,000 round/minutes (rpm) for 10 minutes in order to extract MDA. TBARS were measured at 532
nanometers (excitation wavelength) and 553 nanometers (emission wavelength) using a Perkin Elmer
LS55 luminescence spectrometer. Concentration of lipid peroxidation products in healthy and
thalassemia plasma were calculated from standard curve of TEP.

Determination of potential nitric oxide (NO) consumption

NO donor, DETANONOate, was dissolved in 5 mL of phosphate saline buffer (PBS) to make
a 50 uM working concentration before adding into a helium-filled purged glass chamber to supply a
nitric oxide to a chemiluminescence nitric oxide analyzer. A 100 ul of plasma sample was injected
into the chamber during steady-state of NO signal. A reduction in NO signals was immediately
recorded. Area under the curve (AUC) was determined using Origin 7 (OriginLab Corporation, MA).
Nitrite concentrations was estimated from standard curve.

Assessment of intracellular oxidative status
Intracellular ROS products were monitored by dichlorodihydrofluorescein diacetate (DCFH-

DA) assay. In this study, HPAECs at the density of 8,000 cells/well were cultured in black 96-well
plates with clear bottom. After 24 hours, cells were incubated with 20 uM of DCFH-DA for 40
minutes. Excessive DCFH-DA was washed out prior to samples loading. ROS signals at 30 minutes,
1 hour and 3 hours were detected by a microplate reader (Wallac Victor? \V1420) at 490 nm (excitation)
and 535 nm (emission).

Measurement of platelet-derived growth factor-BB (PDGF-BB) levels in serum

Platelet- derived growth factor- BB concentrations were detected by ELISA ( Sigma)
according to the manufacturer’s instructions. The detection limit of this assay was 1 pg/ml. In brief,
healthy and thalassemia serum samples were diluted 1:20 with phosphate buffer saline for the assay.
One hundred pl of sample was added to each well of 96-well plate and incubated at room temperature
for 1 hour. Primary and secondary antibodies were incubated for 60 and 40 min, respectively. The
reaction was stopped and absorbance was read at 450 nanometers using a microplate reader (Wallac
Victor? V1420). Concentrations of PDGF-BB were extrapolated from the standard curve.
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Assessment of HPAECs proliferation
HPAECs were labeled with 1 uM of carboxy-fluorescein diacetate N-succinimidyl diester

(CFSE) at 37°C for 10 minutes for detecting. Then, cells were washed and plated at a density of 80,000
cells per well in 12-well plates using 5% complete media overnight. On the following day, medium
was changed to 25% complete media supplemented with 20% serum from indicated subjected for 72
hours. Proliferation of HPAECs was analysed by flow cytometry FACSCanto (BD Bioscience, USA).
The effect of PDGF-BB and human sera on HPAEC was analyzed using cell division index calculated
by FlowJo software (Tree Star, USA).

Statistical analysis
Data throughout the study were demonstrated as median with interquartile range. Statistical

analyses were performed using two-tailed Mann-Whitney test (GraphPad, San Diego, CA). Statistical
significance was considered if p-value< 0.05.

Results

Demographic data of healthy volunteers and [I-thalassemia/Hb E patients

B-thalassemiasHb E patients had higher levels of indirect bilirubin, serum ferritin levels
than healthy subjects. Hemoglobin (Hb), mean corpuscular volume (MCV) and aspartate
aminotransferase enzyme (AST) are lower in thalassemia group compared with control subjects (+p
< 0.05). There was no difference in age, serum iron, alanine amino transferase (ALT), alkaline
phosphatase (ALP) and albumin between these two groups (Table 1).

Extracellular oxidative stress markers
Methemoglobin (MetHb) percentage and TBARS in plasma were measured as markers of

extracellular oxidative status. p- thalassemias Hb E patients had increased percentage of
methemoglobin (2.95 % vs 0.35 %) and TBARs levels (0.32 nmol/mL vs 0.14 nmol/mL) compared with
healthy subjects (*p < 0.05) (Figure 1A and 1B).



Table 1. Demographic data of healthy volunteers and B-thalassemia/Hb E patients

Age
Gender
(male/female)

Hb @dL)

MCV
Indirect bilirubin
(mgdl

Serum iron
(ngdL)

Serum Ferritin
(ng/mly

AST UL

ALT UL
ALP UL
Albumin @/L)

Healthy (N =4)

32.00 (28.75 -34.50

22

1461 (1358 -15.78)

85.25 (85.03 - 86.83)

0.70 (040 -0.93)
96.50 (64.25 - 141.50)

80.05 (54.30 - 320.30)

65.50 (53.50 - 81.25)

19.50 (14.75 - 32.50
18.00 (12.75 - 56.25)
43.75 3843 -45.70

Thalassemia (N =4)

34.50 24,50 -61.75)

1/3

7.95 (7.00-8.98)"

75.40 67.48 -81.23)

2.30 (1L60-5.03)

182.50 (126.00 - 230.80)

72310 613.00 - 1927.00)°

2450 (19.00 -30.00)
19.00 (15.75 - 24.50
63.00 (56.25 - 92.25)
38.90 (35.23 -42.28)

89

Reference
Range

13.00 -18.00

80.00 -99.00

0.20-1.20
35.00 -150.00

27.00 -300.00

5.00-34.00

0.00 -55.00
40.00 -150.00
35.00 -50.00

Hb = hemoglobin, MCV =mean corpuscular volume, AST =aspartate aminotransferase, ALT =
alanine aminotransferase, ALP =alkaline phosphatase; «p < 0.05 by Mann-Whitney test. Numbers in
parenthesis are interquartile range.
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Extracellular oxidative stress markers (A) Methemoglobin percentage and (B) TBARS

level in plasma obtained from healthy and p-thalassemia/Hb E subjects (N = 4 each).

Data are median with interquatile range. *p<0.05.

NO consumption

The levels of potential NO consumption in B-thalassemia/Hb E plasma were higher than
healthy subjects (7.06 uM vs 0.73 uM) (*p <0.05) (Figure 2).
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Intracellular oxidative status
B-thalassemiayHb E patient sera induced higher ROS levels in HPAECs compared with

healthy sera (p < 0.05) (Figure 3).

Increased in PDGF-BB concentrations
B-thalassemia/Hb E patient sera had higher platelet-derived growth factor-BB concentrations
than healthy volunteers. (228.10 pg/ml vs 11.92 pg/ml) ¢-p < 0.05) (Figure 4).

*

T

- -
o (5,
1 1

Potential NO
Consumption (M)

Healthy Thalassemia

Figure 2. Potential NO consumption in plasma of healthy and B-thalassemia/Hb E subjects
Data are median with interquatile range. (N =4 each). *p<0.05.
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Figure 3. Intracellular ROS levels in serum-treated HPAECs
Data are median with interquatile range. (N =4 each).*p < 0.05
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Figure 4. Platelet-derived growth factor-BB levelsin serum

Data are median with interquatile range. (N =4 each). *p < 0.05
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Thalassemia sera inhibited endothelial cell proliferation
B-thalassemiayHb E patient sera inhibited human pulmonary artery endothelial cell

proliferation compared with healthy groups (0.33 vs 0.72) (*p < 0.05) (Figure 5).

1.0+
x
Q 0.8+
2
— 0.6+
c *
S o4 —
2 -
2
o

0.2+

0.0~

Healthy Thalassemia

Figure 5. Division index of serum-treated HPAECs
Data are median with interquatile range. (N =4 each). =p < 0.05.

Discussion

Although this preliminary study was carried out on a small group of subjects, our results
demonstrated the serum PDGF-BB level in p-thalassemia/Hb E patients is statistically higher than

healthy subjects consistent with previous report’. Despite PDGF-BB is a growth factor, we
unexpectedly found that addition of serum to the 25% complete medium markedly inhibited HPAEC
proliferation. This finding indicates that other factors in the serum contribute to the effect. The
neuroprotective effect of PDGF-BB suppressing oxidative stress-induced neurotoxicity has been
demonstrated in the cultured mouse cortical neurons!, Therefore, we examined the oxidative status
in our study. We found thalassemia patients have significantly high oxidative stress levels in both
extracellular and intracellular compartments. Besides, we found our thalassemia patients had high
bilirubin and ferritin levels that could inhibit endothelial cell growth in vitro® 16,

Extended study in a large population is needed to provide enough statistical power and
confirm our findings. From our results, it is possible that high ROS levels inhibits endothelial cells
and triggers PDGF-BB production as a defensive mechanism, however, the association between high
ROS and high PDGF-BB remains unclear. The investigation of precise cellular events of an interplay

between ROS and PDGF-BB in a large population is currently underway.

Conclusion

In summary, these findings provide data that an increase of oxidative stress markers together
with PDGF-BB levels in thalassemia patients involve in the inhibition of endothelial cell proliferation.

However, the definite underlying mechanism of this phenomenon requires further experiments to
address an interplay between these two factors and their association with vascular complication in

thalassemia.
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Abstract

Pueraria candollei var. mirifica is a medicinal plant that is promoted as a
«Champion Product> by the Government of Thailand. Puerarin, the major bioactive

component of this plant, has interesting pharmacodynamic activity against diseases
of aging, but there is little pharmacokinetic information to support further study of
this activity. Therefore, the aim of this study was to determine the pharmacokinetics

of puerarin, including absorption, distribution, metabolism and elimination, in rats.

Moreover, this is the first study to examine the tissue distribution of puerarin in the
hippocampus, femur and tibia, and mammary gland based on recently the
pharmacodynamic effects reported for neurodegenerative disease, osteoporosis, and
breast cancer, respectively. Adult female rats were administered puerarin at 1 mg/kg

intravenously or 5 and 10 mg/kg orally. Blood, tissue, urine and faeces were collected
and analysed by liquid chromatography-tandem mass spectrometry. Puerarin reached
a maximum concentration in blood (140-230 pg/L) within 1 h after oral dosing, and
had an absolute oral bioavailability of approximately 7. Puerarin was widely

distributed in several tissues, including the hippocampus, heart, lung, stomach, liver,
mammary gland, kidney, spleen, femur, and tibia. Approximately 50% of the

intravenous dose was excreted as glucuronide metabolites via the urinary route.
These results are useful for the development of puerarin and Pueraria candollei var.

mirifica as phytopharmaceutical products for the prevention and treatment of
diseases of aging.

Keywords: Pharmacokinetics, puerarin, rats
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Falue ndeldsuarstuguuuusutsemu uasdndasuineenguiduysal Uszuiaisogas
7 wonvni arsysrsuansonsyareluesetoazsing 9 197 sadeanesaausuluunuda
iale vom nssimizerms A deunius I dhu nsegnuts uaznssgnuies lnemudriosas
50 vesyuIniilasuazgndueenmetlaaizlugunsisungalsiud Getoyadinarniudoya
ugiidaudnthudmsunsiseuasinnnasyniuasasatanaruniovraliii
wannmusieayulns amsulglunistesiuuayinwilseluggeergsaly
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uni

77593754 (7,40-dihydroxy-8-C-glucosylisoflavone) iuarsarsyuaninulu
n2724A39972 (Pueraria candollei var. mirifica) #o Justoasulnsluaed Leguminosae
lngdinis@nyiuasdeuiiulelun1unissnyioinsnamun s anaoulunanget?
dosuninfnnnisnsygnmsu®® dudamsiesquivinveasasupfadnu® nsinwgns
Ay lussaunsaainuasAatn wuiawIsasnymazasmilsmialouasvaon
idon’ sadedlnansinmiigadessulsaluggeery wuanensygowgu, wman, Isn
vasaldeniale uazlsaneszuuszaim®S 0 unteyanisAnwinivarunaveaumans
nounihiliaenndeuasaivayuiunanisinyigniniundyingrdina1daddeyals
BIENG

ommsAnwineunhingdy deyaveanrsinyimedundveaumansvesasy
y15uludninaaee dmsunsiiarslusuuuusuysen udsedve1g9gn Tmao ogTurad
0.45-5.00 72119 UazAIA39F30 (t12 0gTuwas 0.80-1.00 $aluenddldsua1stt!s doyanis
nsyaredalueieazsie 9 wadldsumsysiiy wuindeliluguuuusuysenuauie 20
dadnsi/Alansy Maar 1 920w szmumsnszarelududodovsionsy dhu ln Joa wils
uazanod 1ned A7 Tmax 25 9919 Prasain uazmase (2004) WUIUIUNYRTUYITITY
795ULAAKINYUIUNIT hepatic phase | metabolism #74#74 cytochrome P450 wazgn
LAY Uasldeglugu dihydroxylated puerarin’ o¢/79l5Am73 Luo 4azmaez (2010)
TIGIIINURYUFT YOI 1595151 ARRIMYUIUN7T phase I glucuronidation iTuwan
Angnmﬁ'yuu UmZUagﬂugU puerarin-4[1-O-glucuronide #a¢ puerarin-7-O-
glucuronide?® msz\m?ugn%ﬁ'waanuani'zomyZu;n/Z;/AUﬁyugz‘zJaoW7\7ﬁﬁﬁ7wzﬁu
an uaziinisdueenluzy glucuronide metabolites 1779999752 U79a WY

NNANITETIDINITANSIAINITINBININNFYIAUAIaNT AITIUTU I8N
guasiysal nsnszereiivesarsyiulueieazaing 9 liun aussdrudulvuanta ale
Uan nssimizems Fu sexrhu b 5 nsegauds dibia uaznszgnues demur
UNUaaTH kaznI3TUaI8oaNNaNTNNIENNTAT1ITUAZ899155YeNT1TWT5U Ineltny
wadelasuarsnssuniamaendend e 1 daansunlansa uaslugduvusvuseniu
119 5 uag 10 Jadnsuwalansy lnednisinseduarsarngyaginaia liquid
chromatography-tandem mass spectrometry gﬁawﬁaya NI INTUNITITEUAE
Wau1a15W513Y wagna1aaiev1a i dundndnsiveglusverayulns
(phytopharmaceuticals) #w3vl9lun)sdlosiuuaysnwlsalugasergmaly
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dndnaaas uazarsind

nyusmwaiile a1gWug Spraque-Dawley 91¢ 16 #Ua157 U1miin 400-500 N3
112w 16 #9 9mnguddninaasauiand unrinerdeuing lnenisidesghiomisiia
Fufogy uazihazermeealidriniuia lukssinuaueamgiliogluras 2542 o
iAo AwuduinsSogay 50-60 [isuuavarieiuay 12 Falue saseildsunis
OULATIFVAITWTITU 910 AIAATIVITE AT. IUAT WIAETINTUUY NIATVITIINET ARy
Ingrmans ewainsalunImenas uaglasunIseyldanINAmNenIIUNITAIVANGUANIT
idgauasmslgdndiionumainermans ausadvmans gwiasmsalumerdy (avil
oydlii: 15-33-001, Suiloysli: 22 wwigu 2558)

3501360

nyvaaesgnusoanidy 3 ngu 9 ax 4 #1 lasuarsasarensisuyun L Jadnsu
Alansu n1maemaend1UsIamN ielugUuuusuyseniuyuin 5 uaz 10 Jadnsu,
Alansu dmsvennSouiltlunismesesmiundveaumansvesasysisunioulngns

sareasysriuluaisazars 204 DMSO lu 09% NSS aniuriminiudaegiudon

(300 uma.) iaarmeulisuen, 008, 0.25, 050, 1, 2, 4, 8, 12 uax 24 F2luemua1sy Ing
iulunaen heparinized 9171820895091t centrifuge 71A273152 1,500xg 1Ty
1987 10 w177 wazifuliigamgd -20 asmuwaidoasunsyinhluiesiey dnsfu
Feehedlaanizuazaaniseyn 9 24 talvatuiar 72 $alus dregretlaanizuazenaise
avgniiuutiseenidiy 3 %2997 Ae 0-24, 24-48 uaz 48-72 $alue uazifulivieampd -20
o9 NvaLTEaUN TR IUAIA T2

YNNIy VIeA U itz g nyneaestiual 16 dalaiumsasareys
5u 1 dadnsudlansunwmasadond vinturimsifuedeisiiag o. 08, 1,2 uaz 4
Fala meﬁ)sumiwmiu lnendvedeazae 9 laun auesaudulvuauda wala Jon
nTeWIz01MT AU Ao 1o ihy nTegnuds uasnsegniies Megetarasgndne
Freinndoidu uazifuionngdl 20 asewaifed aunseinhliieTe

SunaunsinSusa9e1ia A1 lneinsaells LC.MSMS
mswSuieeauiiednsIsimUnamsysisuluiaeghanatauy S0uma.) Uay
daa1ae S0wuma.) Kilaenisanazneulusfusuiunivea 200 uaa.) da7s
glycyrrhetinic acid (10 win. ) Aﬁumimmgvumsﬂu dnternal standard) #7%5Us29¢/79
938226179 9 Uazg9973% B0 UN.) 929N homoginized uazangrnaulUsauiviumIvea
(200 1aa.) idla5 glycyrrhetinic acid (10 wun. ) (uarsuimsyumelu Fmsusaegie
Nse@NUTe uagnsegniey dess1uyuIuns decalcified lngnisuvarsazare 10%
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EDTA/DW iflusseziaad 2 dunivi amiuanesneulusiusuumiues 200 upa.) il
15 glycyrrhetinic acid (10 wun. ) iduarsumsgrunely ivudieany

nisinFeudaedruieiiasiginiviuiaaisysi5ungelslug puerarin
glucuronide) vleesiang19naran G0 uAa.) uastaarie G0una.) laasluaisazare
p-glucuronidase A27349uFu 0.1 M lulwuwaideumoainninines pH 6.8) luvui
oamndl 37 semuwaifed 1Tu9a1 15 w17 uasngafAzendae wnuea 400 uaa.) idl
715 glycyrrhetinic acid (20 wun.400 upa. ) suarssmsgiunely amsudiegieieas
AN 9 uaze99732 (50 un.) ¥a997n homoginized 1620¢79 B0 wpa.) ldasluarsazade
p-glucuronidase A27349uF 0.1 M lulwunaiGeuaainatwines oH 6.8) wrluvui
oaumndl 37 osAnaaidea (a7 15 wi7l uazngaufisesaeiumiues 400 uAa.) il
715 glycyrrhetinic acid 20 wwn./400 upa. ) iduarsumsyimeluuieinu

Faeehargniluiadaeiniesde LCMSMS dsdusounisinssiusuaey
Undaumdumauyes Li et al lnsamaiugndas @ccuracy) vean1snsaaiamsysiui
ANTUTUUANAAY [AnaagTuyae 93.60% - 107.80% Aa7uuuue (precision [un1s
A1ziladln %RSD Ueeniy 15%!' uay Prasain et al. lnga1ma1uusiuei precision) [y
n193tA51%19dA7 %CV doegni) 15%!7 627”'03%77mmaimwﬁﬁﬁmuﬁuﬂmmgnw’"m
usiuehogluinausineensuld 99nmsinwil a1 limited of detection 1/73v 0.16 uAn./
95 A7 signal to noise ratio £y 5 uagda R2u0n77 0.99 1aSeede LC-MSMS
Usgnoumag liquid chroma-tograph 51 Eksigent ekspert UHPLC 100 &a¢ mass
spectrometer g’u QTRAP 6500 7tp5729imae/ltsin s Analyst software versionl.6
(AB Sciex, USA) lngl7 stationary phase Cis column (Synergi, Phenomenex Inc.,
USA) #21999 mobile phase Usznaugag 100% Luyuea uag 0.2% formic acid lush (pH
2.5) lugtuyuwes gradient elution Inensusne 10w wmuea (fuiaar 05 w7l uasindu
il 90y i e Maan 15 waiteuds 35 wiii naemiuananty 100 wniues e
4 w17uie 45 w7l Inem retention time ve9a75y573107777v 1.58 14797 4agm retention
time ¥e9a77 glycyrrhetinic acid (%797v 2.12 479

nsAATIEidaya

msAnwdlelusunsu PK solution 2.0 Summit research services, USA) Ing/ls
NISAIUIINIATINITIN N TYIaUAIaNTA 2875 non-compartmental analysis [wn7s
SinsreiteyaiiomAnadvoumans nanismmasesieauiuanady + daudeayy
1193574 ANUUANGNoETTEF AN Ivaan p <0.05 leelvlusuunsu SPSS ver. 16
(SPSS Inc, USA)
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A3 1 anwagnnIgn muaramNTuad neulasuaiswsiiu neulasve) uay 24
Taluanaalgsuarsazareysisu 1 daansunlansu nivaoadonsiusiin
1 nielugUuuusuYsemuvuIn 5 uay 10 dadnsunlansy

Parameters Puerarin
1 mgkg IV 5 mg/kg PO 10 mg/kg PO
Oh 24 h Oh 24 h Oh 24 h
Physical Normal Normal Normal Normal Normal Normal
appearance
6167+ 5583+ 5767 + 56.00 £ 55.60 £ 5740+
ASTUL g 44 290 510 6.84 7.96 512
2700+ 1120+ 2633+ 13.17+ 25.00 £ 1217 £
ALTUL 18 1622 18.78 1740 1392 9.76
Creatinine 020+ 020+ 021+ 021 = 021+ 021 +
(mg/dL) 0.00 0.00 0.02 0.02 0.10 0.08

ugnstoyalusuanase + gaudeauuuInggid (mean + SD), n-4

*p <0.05, Noulasue) uas 24 Falua



100

A15199 2

AINITIILAOININNAYIAUAIAATYOIAITYTITU UAYAIS puerarin

glucuronide wadlasuarsazareysIsu 1 dadansudlaniu nivaeaiaens
UshamN vieluguuuusuysemuyun 5 uay 10 dadnsuinlansy

Parameters Puerarin

1 mgkg IV 5 mg/kg PO 10 mg/kg PO
Puerarin
C_ mgh 62196+ 170.72 14547 £ 84.11 228.00 + 164.84
T NA 0.19 + 0.09 033 +021
AUC  (ughl 29147 £108.05 10945 +60.61 20457 + 15747
AUC qughL) 29223+ 10893  109.58 + 60.55 21220 + 157.50
Vd Lkg 1.16 £ 0.56 101.59 + 119.57 90.17 + 1828
MRT hy 0.24 £0.06 0.67 £0.21 0.88 £0.20
T 021+ 0.06 0.88 + 0.49 0.86 + 56.31
CL (Lhkg) 543 +2.66 65.06 + 52.75 7479 +0.17
ﬁizz(\)}auiibility (%) 100 730 729
Puerarin glucuronide
AUCo(ughL) 2,133.20 73.30 7,207.40
i‘ggi glucuronide 735 0.67 34.65

uanvdeyalugUanady + daudeauuiInggiu mean + SD), n-4
*p <0.05, suasUUUTUUsENINYWIA 5 Uay 10 dadnsunlansa
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A15797 3 Percent recovery Yova13W3I3UMAza77 puerarin glucuronide naalasu
A13ava1eysI5u 1 daansunlansu nivasmdensusiaamn nioluy
sUUuvUsUUsENINYLIA 5 Uay 10 dadnsuinlansy

Recovery (%) Puerarin
1 mgkg IV 5 mg/kg PO 10 mg/kg PO
Puerarin
Ulrineor24h <1.00 <1.00 <1.00
Urinem_4811 <1.00 <1.00 <1.00
Urine48_72h <1.00 <1.00 <1.00
Faeceso_24h <1.00 <1.00 <1.00
Faecesm48h <1.00 <1.00 <1.00
Faeces48772h <1.00 <1.00 <1.00

Puerarin glucuronide

Urineo2 " 4753 +51.37 <1.00 12.13 + 13.01
Urine 2.38 097" <1.00 <1.00
Urine48_72h 1.89 045 <1.00 <1.00
Faeces 766 +251° <1.00 1.94+216
Faecesm48h 3.55+ 055 <1.00 <1.00
Faece:s4872h 345+ 0.80° <1.00 <1.00

ugnstayalusuanase + gaudeauuuInggid mean = SD), n-4
+p <0.05, 52137193 ULVUTUYTENINYUIA 5 Uaz 10 dadnsuinlansy
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1,000 1 «=@=— Puerarin 1 mg/kg IV

== Puerarin 5 mg/kg PO

=
o

== A= Puerarin 10 mg/kg PO

Puerarin (pg/L) _
=

—
1

o~ —

SUAl 1 mornsuduadevasarsysisulunatauniitoa1ang 9 vasldsuasasaiensiiu
1 dadnsunlansu nrmaemaend usaamN (L) n3elugUuuusudsenvyuig
5 (huax 10 dadnsuilansu & uanedoyalugUanadey + Faudeuvy
479175714 (mean + SD), n-4
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0.08 h after IV A

B Puerarin B Puerarin glucuronide
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ratio

00
intestine gland

« 1.000.0

g 1 h after IV B

2 1000

|

2 o100

O

e g 10

8 0.1

2

2

= 00

= 10000
E 100.0
=

2 o 100
< o
5 8

3 0.1
w

2 0.0
=

1.000.0

Tissue to plasma
ratio _
- =] (=] =]

o
(=)

Liver Kidney Spleen Heart Lung Stomach Small Hippocampus Brain Mammary Femur Tibia
intestine gland

SUR 2 Amomiduturesasyruluidedosonnududuluwarau dissueto
plasma ratio) ¥89a7595751 Wvan ) uagars puerarin glucuronide waainT)
Tuedeazsine 9 aa 0.08 2l (A 1.0 Falug (B) 2.0 Falu (€ uay 4.0 T2l
Dy waalasvansazargnwsiiu 1 dadansunlansa nevaenaensIusiiums;
uamedoyalusuanade + rudeayuuinsgiy mean + SD), n-4; NA -
nN5EAUNITHTIvIAla



104

10,000 ——@— Pucrarin 1 mg/kg IV

e={J==Pucrarin 5 mg/kg PO

(=
(=4
(=]

«= A= Puerarin 10 mg/kg PO

100

Puerarin glucuronide (pg/L)

6 12
Time (h)

Uil 3 mrmduduadevesysiiungelsludlunarantinainie 9 vaslasuasazaiey
7931 1 dadnsunlansu nivaeaidensmusiiam (L) nieluguuuususeniu
9119 5 Oy sz 10 dadnsuAlansu ; uansdoyalugupnady + saudeauuy
4199571 (mean = SD), n-4

WENT1INAN8

arumulduazarduiivaonuuasnTumyusnildsuasysisy

vuusmnadey lasvarswsisunramaenidendivuin 1 daansunlansy uaslu
JUUUUTUYSENINYWIA 5 uay 10 dadnsunlansu ddnven19n180IMITUNG Uaza)
TUAT9ING 19819 Na 1L WUTIAIYe aspartate transaminase (AST) ua alanine
transaminase ALT) lufinsideuutasoegndiaany iwudeariua creatinine luidon
Fouananadonisvivuvesln nouldsvars uax 24 Falusmasldsuarslunyyni
@159 1)

Atuduvasarrysiulunatauiitaa1sng 4 uasAriasuineangnasuysal
5U 1 uanimrudusuadevesarsysisulunaiauriigaisie 9 laenis
A184997A TN 51N O TN I B VIR UAIaH 572835 non-compartmental analysis 4aav
996aBENAINITI 2 9IAMIANYINUIMAAFTUFITYTISUNIIRenIADAf) SEAUAI
utuvesarswsuluidenanates19TInisa uavgniveensnssuulvalleudenniely
4 1139 19887 Crnax 191790 621.96 + 170.72 imn. /Ans erfuiildng a2 isdiiiusssning
seAUNsITulUAanAUNaT (AUCo )11y 292.23 + 108.93 uAn.-v4./anT AIUFUI9T
n1snsra7e (V) 19797V 1.16 + 0.56 395/Alansu A1n13779m (CL) 117U 543 + 2.66
ans/Falus/Alansi Araanadevesarsibignisaeenuans1einte MRT) 1Ay 0.24 +
0.06 F2lu9 uazAIA39F3n (T12 %77 0.21 006 Falue uazuasaInlasuarsysisuly
JULUUTUUTEN VYL 5 Uay 10 dadnsunlansunuinsedunundudugeqnyeaI sy
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Sunatumeluy 1 9309 uagnaiaIniuszAuaIundutuyesaIsysIsuanasnInaIsenu
nsuATIElaluY 4-8 Faluandalasuars 19eA7 Comax ogluyae 140-230 uAn./ans A7
AUC, . 9gluva9 110-210 uan.-val./ans A1 T12 ogluas 0.86-0.88 T2l lnelunuaaiy

UaNaNOE NI IAY N NaAATENIINYUINaI SIS UKANA 1Y agWUIIAITIUTU I8
panNgNsauING Useualsogas T

msnszreialuilod

HaNIINTEILFITNT I IS0 TEIEn 9 9 87 008, 1, 2 uaz 4 T2l waalssy
F15W513UnImaendend1 vuim 1 Jadnsu/Alansy uanesaguil 2 wud iiaar 0.08
Halus maududuesarsysiuludedoronnududuluwara Alngegn audae
Usn nssimIzems A dernius uasaldidnmmaiiy Fashrdaudinaregluyas 10-
100 11 uazanautu 110 whiidaluedi 1 deanmadldsuasiar 2 $alus parududu
vosmrsysiuludadoronimntudulunaranannsansianuldluiouynetie s
quesdauduluuAutl Wil ven nssumwizerms du sesnhus ln S uasnsegnuts us
limulunszgnies g1 4 Hluedsnsmumsnszorglududaidosavessisysiiu uas
iiaulueSasiidnsunseinlsyin dow perfused organ) sy n3zen

NTLUIUNISINUNUOATN

U7 3 uamenaudutuveaysisungelsludluwarauiiaaiang q valdsuasy
5751 WU AUCpuerarin glucuronide / AUC puerarin JATUE784 7 117 ¥a3lasuaIsnsIiumig
viaealdend) uarluadiuvesnislasuarswsisuluguuuusudsenivyuin 10 dadnsa/
Alansu wud7 A7 AUCpuerarin glucuronide/ AUC puerarin #1A71U552784 30 4917 Forasana
eandasiunsnszeasysIuluduieidons 9 wuriiaar 0.08 alus Aanmudut
vo9m1snssungelsiudnenusudulunaraundamgaluiouyneiory uazideiia
iy mnaszanadluidedodalng sniulumeuasnsegn

NFEUIUNITTUA Y
7137991 3 uanvsesarnIsTuaIevesar sy sulugyluUaguutas unchange
puerarin genvarsysr5uluguliiaguuvasludaarizuarevisediniiiegay 1vaiam

' 1

lgsvmsiinemasnidonsuar lugduuusuussn lunguildsumsysiunimaon
idond wutiarsyssungelsludgniveannitlaansiuvan Ussuisosas 50 voq
Vsmamsilasuly 24 $alususn uasuszanaisosas 15 vesa1sysnsungalsludgniy
oonu1luga1sy nely 72 $lus Fmsunguitldsuarsyssulusuuusvysenu vunm
10 daansa/Alansy wuarswsisungalsludgniveanuisegay 10 lutlaarzluyaa 0-
24 $2lasausn
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F2150d

F13ys15udlgniniaadyineriiieitelsaludgeaty iy n1aensegnnsy
wmu lsavaemideniala uaglsanieseuudsyaim® undayanisany v unay
saumansnoumihilineandosasaiuayuiunansinignEnandyineinarigeil
doyaluiieane Ffunsinwiddedingussasdlunsinisinwaminiine smandy
vaumans mFasuaeengnadiysal msnszeredalueduazang 9 wunveaTy uayns
TU01800n N NUFA I8 UAZ 907155 VDT ITNTITY

msAnwineunihinus1 ielimsysiulusvuuusvsenues a1 Tmax o8
Tuwae 0.45:5.00 3T wslunismaaensainudy A1 Tmeudildsuasysisulne s
Jounrsundaiies 0.2:03 $alus IoeAn Tmax uanseiuirenineinnismseussui
unneariy TnesisuiimenTumsinwilnenlugsuuuvasaszarsla dwaliiinnsgadu
0619539159U300mAFUEINT Uazdin) Trax 8UAY UBNIINTSIMUMISIUAEUL YA T
W315unglsludad 1959981 008 $2lus wadsna1uansliisiudl arsysrsuAnns
1WaguuYas siuyuIunIT glucuronidation 9e959mt59uaxYSIY091TWIITU TINEI
a1sys15ungalsius imudludnaauiiuysiunseturunvesasilasy lneludivenis
lsuasysrulugUuuusudseniuouin 5 uay 10 dadnsu/Alansy wua1 A7 AUCpuerarin
giucuronide / AUC puerarin S7U5507984 0.67 4917 4% 30 991970878 Feaenpaessunisinm
nounihiinissiearunuarsysiiuiinisgaduluguuy passive transporti funan
uana7m7?70wm’m75gv57?m1’7umm‘%é’u substrate) 799 P-glycoprotein (P-gp) uae
multi- resistance protein (MRP) aiifu efflux transporter” uas a715y515ugnsnagly
Biopharmaceutics Classification IV dufug157daIn5a¢a7867 uazn15sunsainglae
dnauauviiilunsaseu unndalaluiiidanios pH g¢ a15ps13udednInsazareinlu
anzilunsarulunssnizermns uazdsnanon)snnnznouiiusiamIuaueIn1s >
FedudeadenaldarsysrsudaiFaviuimeangniduysaliiiseiosay 7

ammsinvneunihilinusigamunsnszerasysisuluduideds suseau
suluuantla nsegn sosniniy Flumsinwd wudmsyssuannsansseluduiade
warills wenandusumsmsnsyarevesarsysisu V) daszanas 116 Aas/nn. uang
Dilfudrarsysuaansansyaeluduiodon 9 197 uasaenndostvpaautiniuad
Ya9a17 79109A7 lipophilicity 17’/'47\7 XlogP 1.95) uazA1n15az818117157 (0.46 un./Ua.)
uazAmITTusIna g luseAuiansadlgnEmandyine1iAatesiumsiesiuuas
msshwlsaigaiuszvuszamuazlsansegnngu

NTHUIUMTILYUOATUYRITITWTITU WUl IT W Sungalslud MAnTy
477 AUCpuerarin glucuronide / AUCpuerarin 41171U 7 a9lATUaI505I15Un 19va00180007 Uae
30 wimaildsuasTuguuuususymu swin 10 dadnsu/Alansu #1519 2 Tne5uas
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wi13ungelslud Ansranvludiedrefaniw (Andulagerfeioulysl UDP-
glucuronosyltransferases 1/ 999NI5ANWITLTINUTINIFAYUIUNTS glucuronidation
iAndu Haan 0.08 $alue uamaliisfudrvuauns glucuronidation (indueeesimSauas
arsys15ugnasuluifuarsysisungglsluddivauunn doyadinarouanilisiuinin
nszUIuNI7 first pass metabolism e79dvwaliannisgaduvsuiauarswsisulussyy
Inaiieudon uasassalilinnfasuineengnsdysaivesasyssuinoutne
SowaznisTunrgvesarsys13ulugylai/aeuutas unchange puerarin Ty
aanzuazavnszoenitosay L luviaar 12 Salvamadldsums uamdlsiiiug ey
s73ugniUFsadlueglusuiuy glucuronide nouitasgndvaeeentiunisiouns 3o
maln uaziszanasesay 50 veaSuamsilsurum 1 dadnsu/dlansu gnasaanulu
Jaanizluras 24 Faluausn uazyszaasseeas 1-10 vasldsuasTuguuvusutseniu gn

Tueansuniatlaarszluguiuy glucuronide
Gy

9MsANYINYIFITYI 5 U TG aeengriAuysal Ussinaesas 7815
sI5uaITOUNIN sz 9elUdeieazn199lag saudvavesauduluuauta, Wals, Uen,
nssunIzeIms, A, seurius, I, ihu, nsvgnuta uasnszgmies Tngarsysrsutssaia
59882 50 wawummSﬁ'Zﬁ}”ﬁ‘”U%ngU@anﬁhuwwﬁﬁmw luguwes puerarin glucuronide
6?0?7@@@”0%’734ﬁu??’a;u/aﬁugmﬁfm71/@"74ﬁuﬁ’mi”vn753@”ygzazﬁmfu7migvs7§u UaraIs
ananarunSev i Jundnsusiiogluguenayulns phytopharmaceuticals) a713uld
lumstosiuuassnwlsaluggiergsaly

AnRNssuUsENIA

2
o

nsAnwIdlasuntsaduayuInuusive 91T neayusynIdiunaulay
(man51975¢ A3, FTUNI U188 TT0TUUY)
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Abstract

Colistin, an old antibiotic discovered 60 years ago, is re-introduced in clinical
practice because of the higher prevalences of nosocomial infections and multidrug
resistance. Colistin withdrawal due to its toxicities leaves the knowledge gaps

unfilled. Drug information and dosage guidelines of colistin have not been well
defined. In this study, a simple HPLC method, modified from previous studies, was
validated for the purpose of therapeutic drug monitoring (TDM) of colistin. Colistin

sulfate and netilmicin sulfate were used as the reference standard and the internal
standard, respectively. Colistin was extracted from plasma sample by

deproteinization, solid-phase extraction with fluorenylmethoxycarbonyl chloride
FMOC.CI) derivatization and separated by reverse phase-HPLC using acetonitrile,
tetrahydrofuran and water (50:25:25, va/A) as mobile phase. The calibration curve
over the concentration range 041447 - 1326301 mgL showed good linear
correlation, R? > 0998 The sensitivity of the method was 041447 mgL. No
interference was detected near the retention times of colistin and netilmicin. The
intra.day and inter-day accuracy were 9893 - 112.23% and 110.18 - 112.97%,
respectively. The intra-day and inter-day precision were 2.70 - 11.10% and 7.82 -
14 30, respectively. The propose method demonstrated good sensitive, selective,

precise and accurate, met the US FDA standard of bioanalysis method validation and
appropriated for therapeutic drug monitoring study.

Keywords: Colistin, HPLC, therapeutic drug monitoring
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Introduction

Colistin was revived since many years ago. It is used as the -last-resort
antibiotic for nosocomial infections caused by dreaded multidrug-resistant gram-
negative bacteria such as Acinetobacter baumannii and Pseudomonas aeruginosa.*
Two salt forms of colistin are commercially available, colistin sulfate and colistin
methanesulfonate (CMS). CMS, less potent and less toxic prodrug, is the most
commonly used form for intravenous infusion in clinical practice.? Colistin, a
cationic polypeptide antibiotic, is composed of two major components, colistin A
and colistin B, and more than 30 minor components. Bacterial membrane disruption
was assumed to be the concentration-dependent bactericidal action of colistin.? *
Clearance mechanism of colistin is still unclear, extensive renal tubular reabsorption
was reported by previous studies.>® The most common adverse effect of colistin is
nephrotoxicity and variable incidence rates were reported by previous studies. Other
adverse effect, rarely reported, is neurotoxicity including paresthesia, apnea and
neuromuscular blockade.! While higher rates of nosocomial infection lead to the
increased use of colistin, PK/PD information and dosage guidelines have not been
well defined. Recently, inter- individual variability characteristics of plasma

concentrations and geometric mean apparent clearance of colistin were reported in
multi- center population pharmacokinetic study.’ Despite, the physician- selected

CMS daily dose at the upper limit of the product recommendation in patients with
moderate to good renal function, the average steady-state plasma concentrations were
insufficient to achieve the desired target concentration. In addition, the higher dose
in patients with good renal function might result in a higher proportion of CMS at
the kidney increasing intrarenal conversion to colistin and renal toxicity. ’
Therapeutic drug monitoring (TDM) can be useful for managing drug dosage and
plasma concentration to achieve maximum efficacy and avoid toxicity.® Lately,
several case reports® ! provided benefits of monitoring colistin plasma trough
concentration in CMS treatment. Likewise, after a week of CMS treatment, trough
level of plasma colistin was defined as the independent risk factor and the only
predictor for colistin-associated acute kidney injury.*?

Though discovered 40 years ago, colistin was withdrawn due to its
nephrotoxicities in the ‘golden age’ of antibiotic medicinal chemistry.*> 1* A paucity
of accurate and precise methods for colistin determination is one of major issues
caused limitation in PK/PD studies. In 2001, a reliable and validated HPLC method
for analysis colistin in human plasma was published.*® Colistin extraction on solid
phase extraction C-18 cartridge using FMOC-CI was first described with advantages,
including fluorescent derivatizability of both primary and secondary amine groups
of colistin, stability of FMOC derivatives at room temperature and simplicity of
HPLC apparatus. In 2008, the measurement of polymyxin B in human plasma using
a validated HPLC method was first developed, based on the HPLC method for
colistin previously reported™, with a smaller sample volume, a simpler step of
sample pretreatment and a shorter run time.*® Polymyxin B and colistin (polymyxin
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E) are in the same class of antibiotics, polymyxins. Their structure are almost similar
with the only one amino acid difference.®® In this study, a simple HPLC method,
modified from two previous studies'® 6, was validated for the purpose of therapeutic
drug monitoring of colistin.

Materials and Methods

Chemicals and reagents
Colistin sulfate was U. S. Pharmacopoeia reference standard ( USP

Convention). Netilmicin sulfate (internal standard) was European Pharmacopoeia
reference standard (European Directorate for the Quality of Medicines; EDQM). The
derivatizing reagent, 9-fluorenylmethyl chloroformate (FMOC-CI) was from Sigma-
Aldrich. Methanol (Merck), acetonitrile and tetrahydrofuran (Honeywell Burdick &
Jackson)were HPLC grade. Boric acid (Vivantis), sodium hydrogen carbonate (Carlo
Erba Reagenti) and sodium hydroxide (Merck) were analytical grade. Water was
purified with a Labconco WaterPro PS Polishing Systems to 18.2 MQ-cm. 1% (w/w)
sodium hydrogen carbonate solution (pH 9.2) was freshly prepared by dissolving the
proper amount of sodium hydrogen carbonate in water and adjusting pH with 10%
(w/w) sodium hydroxide solution. The derivatizing mixture was freshly prepared by
mixing 30 uL of 200 mM FMOC-CI in acetonitrile and 80 pL of methanol.

HPLC apparatus
Colistin was determined by a Shimadzu Prominence HPLC system equipped
with LC-20AB pump, DGU-20A5 degasser, SIL-20AC autosampler, CTO-20AC

column oven, CBM- 20A interface and RF-10AXL fluorescence detector. The
chromatographic separation was performed on an Onyx Monolithic C18 column (2
pm, 100 x 4.6 mm ID) coupled with an Onyx Monolithic C18 guard column (5 x 3.0
mm) (Phenomenex).

Sample pre-treatment, pre-column derivatization and HPLC analysis

Plasma samples were stored in a -80°C freezer and thawed at room
temperature before processing. 100 uL of plasma was mixed with 10 pL of the
internal standard (40 mg/L netilmicin sulfate) and deproteinized by an equal volume
of acetonitrile. After centrifugation at 5,000 xg for 10 minutes, the supernatant was
transferred to a conditioned SPE cartridge.

Pre-column derivatization was performed on a SPE Vacuum Manifold (GL
Sciences). A reverse phase C-18 sorbent of the SPE cartridges (100 mg, Sep-Pak,
Waters) was properly washed and wetted with acetone (2 mL) then equilibrated with
sodium hydrogen carbonate solution (2 mL). The supernatant was loaded onto the

conditioned cartridge followed by washing with sodium hydrogen carbonate solution
(1 mL) to remove interferences. 110 pL of derivatizing mixture was added, after 10

minutes of derivatization reaction, the cartridge was dried out. Following elution with
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900 pL of acetone, the eluent was mixed with 0.2 M boric acid (600 pL) and
acetonitrile 500 pL), and kept at 25 °C in the autosampler until injection.

For HPLC analysis, 30 puL of sample was injected, colistin derivatives and
the internal standard were eluted isocratically using acetonitrile-tetrahydrofuran-

water mixture (50:25:25, vivv) as mobile phase at flow rate 1.0 mL/min. Column oven
temperature was set at 25 °C. The excitation and emission wavelengths of the
fluorescence detector were set at 260 and 315 nm.

Validation procedures
Standard solutions were prepared by diluting colistin sulfate over the
concentration range 5 - 160 mg/L, of which the final concentrations of colistin sulfate

were over the range 0.5 - 16.0 mg/L (0.5, 1.0, 2.0, 4.0, 10.0 and 16.0 mg/L). The
accuracy of each calibration point when back-calculated should be within 85 - 115
[w»accuracy = @ctual concentration s nominal concentration) x 100j with the exception

of the lowest concentration on the calibration curve, for which accuracy should be
within 80 - 120+ of the nominal concentration.

The selectivity of the method was tested by comparing chromatograms of
blank plasma obtained from 6 different sources with plasma spiked with colistin
sulfate and the internal standard.

The intra-day and inter-day accuracy and precision of the method were
investigated by 5-replicate analysis per concentration of samples spiked with the
colistin sulfate standard solutions at 3 different concentrations (15, 30 and 120 mg/L)
and over 3 consecutive days (in 3 separate analytical runs). For each concentration, 5

replicates of samples were performed and calculated with the calibration curve
obtained daily. Accuracy was shown as percentage value [« accuracy = (actual

concentration / nominal concentration) x 100; and should be within 85 - 115%.
Precision was expressed as percent coefficient of variation (CV) [CV (%) = (standard
deviation /mean) x 1007 and should not exceed 15v%.

The sensitivity of the method was tested by 5-replicate analysis of samples
spiked with the lowest colistin sulfate standard solution, at concentration of 5 mg/L.
Accuracy was shown as percentage value [»accuracy =@ctual concentration /nominal
concentration) x 1007 and should be within 80 - 120%. Precision was expressed as
percent coefficient of variation (CV) [CV (%) = (standard deviation / mean) x 100; and
should not exceed 20%.

Results

Under the HPLC condition, the retention times of the internal standard,
colistin A and colistin B were 6.53, 9.27 and 10.94 minutes. The chromatograms for

blank plasma from a healthy volunteer, point 4 of colistin calibration curve and
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trough plasma sample from a patient receiving colistin methanesulfonate, obtained
in 19.5 minutes, are shown in Figure 1.

Peak area of colistin was calculated as the sum of peak areas of two major
components, colistin A and colistin B. After multiplying each level of the final

concentrations of colistin sulfate by 1163/1403, the calibration curves of colistin
were constructed, not forced through the origin, by weighted (1/,) least-squares linear
regression of the peak area ratios versus the calculated colistin concentrations. The
concentrations of colistin on the calibration curve were 041447, 0.82894, 1.65788,
3.31575, 828938 and 1326300 mg/L. Linearity was expressed as the coefficient of
determination (R?. All the calibration curves showed good linear correlation, R? was
> 0.99.

From all blank plasma chromatograms obtained from 6 different sources,
there were no interfering peaks detected near the retention times of the compounds
of interest indicating the selectivity of the method.
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Figure 1. Typical chromatograms obtained with fluorescence detection for blank
plasma (a, point 4 of colistin calibration (b) and (¢c) plasma from patient
receiving colistin methanesulfonate (IS: internal standard), The retention

times of the internal standard, colistin A and colistin B were 6.53, 9.27
and 10.94 minutes
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Accuracy and precision of this method were acceptable. Determined during a
single analytical run, the intra-day accuracy were between 98.93 and 112.23% and the
intra-day (CV) were between 2.70 and 11.10. Investigated in three separate analytical
runs, the inter-day accuracy were between 100.18 and 11297« and the inter-day
precision were between 7.82 and 14.30.(Table 1)

The lower limit of quantification (LLOQ) for colistin, obtained from analysis
of plasma spiked with 5 mg/L colistin sulfate, was 0.41447 mg/.L. Accuracy and
precision were 99.92% and 3.82%, respectively.

Table 1. Intra-day and inter-day accuracy and precision.

Colistin conc.  Intra-day analysis (n=5) Inter-day analysis (n=15)
Level

(mg/L) %accuracy %CV %accuracy %CV

LLOQ 041447 9992 382
Low 124341 9893 270 100.18 1430
Medium 248681 11088 1110 11297 782
947256 11223 445 107.98 9.10

Discussion

The concentrations of colistin were calculated by multiplying the obtained
colistin sulfate plasma concentrations by 1163,1403 before constructed on the

calibration curve (1163 is the average molecular weight of colistin A and colistin B,

the two major component of colistin, and 1403 is the average molecular weight of
colistin sulfate).X” A run time of 19.5 minutes was very similar to previous methods*”

19 under the simplified procedures of sample deprotienization and SPE cartridge
conditioning. Two steps of SPE cartridge conditioning were introduced with acetone

and sodium hydrogen carbonate. Increased yield of FMOC-CI derivatives was noticed
at pH 9.2 when compared with pH 10 of sodium hydrogen carbonate. At 25 °C in the

autosampler, the size of unwanted peaks was reduced whereas the derivatives of
internal standard, colistin A and colistin B were stable for at least 96 hours compared
with immediate analysis after elution. Pharmacokinetic and animal model studies

provided an average plasma concentration of colistin at steady state (Cssavg) 0f 2 -2.5
mg/L." ?° Recently, two case reports provided therapeutic drug monitoring for
successful colistin treatment. One, colistin plasma trough concentration of 1.1 mg/L

was determined on day 3 and day 4 after colistin initiation in patient with liver
abscess caused by MDR-Pseudomonas aeruginosa.'® Two, colistin plasma trough

concentration of 7.88 mg/L on day 13 after colistin initiation was determined in the
systemic lupus erythematosus patient who had bacteremia due to MDR-
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Pseudomonas aeruginosa with decreased CrCL and colistin plasma trough
concentration were 0.61 mg/L on day 20 with the recovery of CrCL.1 The

concentration range of the calibration curve (0.41447 (] 13.26300 mg/L) was chosen

on the basis of covering the expected range of colistin plasma trough concentration
for therapeutic drug monitoring study.

Recent studies?% suggested that the higher colistin dosage is associated with
the effectiveness. Trough plasma concentration monitoring of colistin supported the
decision process of lowering the colistin dosage which was beneficial to improving
impaired renal function and still efficacious. !* Since, colistin is extensively

reabsorbed in renal tubules and CMS is mainly cleared through renal tubular
secretion, the colistin plasma concentration may also be affected by instability of
renal function. Therefore, a previous case report suggested that the role and the

clinical utility of colistin therapeutic drug monitoring should be further investigated
in a larger population of patients with fluctuating renal function.® The previous study

assessed the stability of colistin and CMS under different storage conditions and
provided that when stored at -80 °C or -70 °C, colistin concentration in colistin-spiked

plasma was stable up to 6-8 months of storage.?* Limitation of this study, recovery
of interesting compounds were not methodically evaluated.

Conclusion

The propose method demonstrated good sensitive, selective, precise and
accurate, met the US FDA standard of bioanalysis method validation and
appropriated for therapeutic drug monitoring.
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Metformin Increases MRP2 Activity in MCF-7 Breast Cancer Cells
after Prolonged Treatment

Ploy Wannapakorn, Suree Jianmongkol
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Sciences, Chulalongkorn University, Bangkok, Thailand

Abstract

Metformin is a biguanide anti-diabetic drug with various pharmacological
activities including anti-carcinogenic action. This study was to determine the effects
of metformin on MRP2 activity in MCF-7 cells. The activity of MRP2 was assessed
by measuring intracellular accumulation of CDCF fluorochrome. The results showed
that metformin had no direct effect on CDCF accumulation after 30-min treatment.
However, prolong exposure of MCF-7 cells with 5 mM metformin for 48 hr resulted
in increased MRP2 activity. These data suggested that metformin might be able to
increased MRP2 function in the breast cancer cells possibly via up-regulation of
MRP2 protein expression. Further studies on its mechanism and an involvement of
AMPK activation should be pursued
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Introduction

Development of multi-drug resistance (MDR) against cytotoxic drugs may
cause chemotherapy failure in cancer treatment. This may be due to high expression
of drug efflux proteins in the family of ATP binding cassette (ABC) transporters that
can actively pump cytotoxic agent out of cancer cells. Therefore, the cytotoxic drugs

cannot accumulate within the cells up to their cytotoxic levels, and consequently
losing their therapeutic efficacy. These ATP- driven transporters include P-
glycoprotein (P-gp), multidrug resistance associated proteins (MRPs) and breast
cancer resistant protein (BCRP).! The ABC transporters in particular P-gp and MRP2
are intrinsically expressed in several types of cancer cells including breast cancer
MCF-7 cells.? In addition, changing in expression levels and functionality of these
transporters has been reported in the cells exposed with a number of compounds such
as doxorubicin, piperine.® tamoxifen.? Recently, we demonstrated that MCF-7 cells

were induced to express P-gp level after prolonged treatment with doxorubicin.
Subsequently, the cells were less sensitive toward doxorubicin treatment.*

Metformin (N, N dimethylbiguanide hydrochloride) is a biguanide anti-
diabetic drug with various pharmacological activities including anti-tumorigenic
effect. Metformin has been reported to inhibit proliferation of various cancer cells
such as prostate cancer, colon cancer, ovarian cancer and breast cancer.® Recently it
was reported that metformin at the concentrations of 1-10 mM decreased activity of
P-gp in MCF-7/adr cells after 2 days treatment® However, there are no reports on the
effect of metformin on MRP2 activity in human breast cancer cells.

This study aimed to investigate the effect of metformin on activity of MRP2
in MCF-7 cells. Its direct inhibitory action as well as its potential to affect MRP2

expression were evaluated. Our findings suggested that metformin might be able to
increase MRP2 function after prolong treatment.

Materials and Methods

Cell culture
Human breast adenocarcinoma MCF- 7 cell line was purchased from

American Type Culture Collection ATCC® HTB22m). Cells were grown in RPMI-
1640 (supplement with 10% heat-inactivated fetal bovine serum and 1% penicillin-
streptomycin) in humidified 37 °C, 5% CO2 and 95« air. Cells were sub-cultured by
trypsin-EDTA at 80+ confluence.

Cell viability: MTT assay

MCF-7 cells were seeded onto 96 well-plates at the density of 3.1x10*
cellscm? and cultured for 2 days. The cells were treated with metformin (1-20 mM)
for 24 and 72 hr. At the end of each treatment period, the cells were washed and
further incubated with MTT reagent (0.5 mg/ml) for another 4 hours. The formazan
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crystals were dissolved with DMSO, and measured the absorbance at 570 nm with a
microplate reader (Wallac 1420 VICTOR 3, PerkinElmer Inc, USA). The

concentrations of metformin that produced cell death of less than 20% were
considered non-cytotoxic.
Expression of ABCC2 mRNA in MCF-7 cells: RT-PCR

The mRNA contents of ABCC2 (MRP2), MDR1 (P-gp), ABCG2 (BCRP1) and
beta actin were determined by RT-PCR technique. The cells were lysed and extracted
for RNA using TRIzol ® reagent according to the manufacturers instructions (Gibco
Life Technologies, Grand Island, NY, USA). RNA was reversely transcribed to
cDNA by ImProm-1I ™ reverse transcription system (Promega, USA), followed by
PCR amplification. The PCR conditions for MDR1 were as follows: an initial

denaturing at 95°C for 5 minutes, 30 cycles of denaturing at 95°C for 30 s, annealing
at 55°C for 30 s and extension at 72°C for 30 s; for ABCC2 and beta actin an initial
denaturing at 95°C for 5 minutes, 40 cycles of denaturing at 94°C for 30 s, annealing
at 60°C for 30 s and extension at 72°C for 40 s; and for ABCG2 an initial denaturing
at 95°C for 5 minutes, 30 cycles of denaturing at 95°C for 30 s, annealing at 58°C
for 30 s and extension at 72°C for 40 s. The following specific primers were used:

50-CAG ACA GCA GGA AAT GAA GTT GAA-3[1and 5[]-ACC AAC TCA CAT
CCT GTC TGA-3[1 for MDR1, 5[1-ACT TGT GAC ATC GGT AGC ATG C-3[]
and 5[-GTG GGC GAACTC GTT TTG-3[] for ABCC2, 5[1-TGA CAT TAA GGA
GAA GCT GTG CTA-3[1and 5[1-GAG TTG AAG GTAGTT TCG TGG ATG-3[]
for beta actin and 5[1-ATC CCC AGG CCT CTA TAG CT-31J and 5[1-GAG ATT
GAC CAA CAG ACC ATC A-311 for ABCG2 (The Gemini Singapore Science Park
I, Singapore). The PCR products were determined by gel electrophoresis (1.5%
agarose) and detected by the reporter dye (SYBR) Green under a luminescence-Image
analyzer (ImageQuant~ LAS 4000, GE Healthcare Bio-sciences, Japan).

Assays of MRP2 activities: Uptake assay

The MRP2 activity was determined by an uptake assay. The cells were seeded
onto 24 well-plates at 1.16 x 10° cells;cm?, and cultured for 2 days. On the day of
experiment, the cells were washed with Hank's balanced salts solution (HBSS) and
pre-incubated with metformin (1-5 mM) for 30 min prior to addition of 5(6)-Carboxy-
2>, 7-dichlorofluorescein diacetate CDCF-DA, 5 uM) for another 30 minutes. In this
study, we used indomethacin (500 uM), a known MRP2 inhibitor asa positive control
group. At the end of incubation period, the cells were washed with ice-cold PBS and
lysed with 0.1+ Triton X-100. The amount of fluorescent CDCF was determined with
a microplate reader (Wallac 1420 Perkin-Elmer Victor 3; Perkin Elmer Inc.) at an
excitation wavelength 485 nm and emission wavelength 535 nm. The protein was
quantified by BCA Protein Assay Kit (Thermo Scientific, USA) at 570 nm.

Changing in MRP2 function in the MCF-7 cells after prolonged treatment
with metformin was also determined with an uptake assay. In this experiment, the
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cells were treated with metformin (up to 5 mM) for 24 and 48 hr. At the end of each
treatment period, the cells were washed 3 times prior to measurement of MRP2
activity with the uptake assay as abovementioned. The MRP2 activity was estimated

by the % increase in intracellular CDCF in the presence of indomethacin (500 pM).

Statistical analysis

Data were expressed as mean = S.E.M. of three independent experiments.
One-way ANOVA analysis followed by post-hoc Dunnett's test was conducted to
indicate the significance of differences at p < 0.05.

Results

Cell viability
Metformin could induce cytotoxicity to MCF-7 cells after treatment for 24

and 72 hr in concentration dependent manner. According to our criteria, the apparent
cytotoxic concentrations of metformin were greater than 10 mM and 5 mM for 24-hr
and 72-hr treatment, respectively (Figure 1).

-@ 24 hr.

1004 -~ 72hr.

504

Cell viability (% of control)

Metformin (mM)

Figure 1. Cell viability after treatment with metformin (1-20 mM) for 24 and 72
hr. =p < 0.05 vs control (n =3 separated experiments).

Expression and activity of MRP2
Expression of ABCC2 mRNA, but not MDR1 mRNA nor ABCG2 mRNA,
in our MCF-7 cells was clearly shown in Figure 2. Moreover, the cells exhibited

MRP2 activity at appreciable level. The presence of indomethacin (500 pu M)
increased intracellular CDCF accumulation by approximately 2.38 fold (Figure 3).

Metformin at the concentrations upto 5 mM had no significant effect on intracellular
CDCF levels, comparing with the untreated control group (without metformin). Our

results suggested that metformin had no inhibitory effect against MRP2 activity.
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MRP?2 activities of MCF-7 cells after prolonged treatment (24 and 48 hr) with
metformin were also assessed. Pretreatment the cells with metformin (upto 5 mM)

for 24 hr did not significantly affect intracellular CDCF accumulation, comparing
between those in the presence or absence of indomethacin (Figure 4). However, when

the metformin treatment period was extended to 48 hr, metformin at the non-

cytotoxic concentration of 5 mM was able to increase CDCF accumulation in the
presence of indomethacin by approximately 2.22 fold, suggesting an increase of

MRP2 function in these cells.

ABCG2
MDR1
ABCC2

Figure 2. The basal mMRNA level of the ABC transporters ABCG2, MDR1 and
ABCC2) in MCF-7 cells.
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Figure 3. Metformin wpto 5 mM) had no direct inhibitory effect on MRP2 activity
after treatment for 30 min. Indomethacin (500pM), a known MRP2
inhibitor, was used as a positive control. =p < 0.05 vs control (n = 3
separated experiments).
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Figure 4. Intracellular accumulation of CDCF. The MCF-7 cells were pretreated
with metformin for 24 and 48 hr prior to measurement of MRP2 activity
with an uptake assay. Significant increase in intracellular CDCF in the

presence of indomethacin (500 uM) in relative to those in the absence of
indomethacin indicated the residual MRP2 activity. *p < 0.05 vs control
(n =3 separated experiments).

Discussion

Our studies demonstrated that metformin had no direct effects on MRP2
activity. However, this drug was able to increase MRP2 function after prolonged

treatment (48 hr), possibly involving with up-regulation of protein level. However,
other previous report of the effect of metformin on P-gp function has showed that
metformin (1-10 mM) decreased P-gp activities in MCF-7,adr cells after 2 days
treatment.® Although P-gp and MRP2 belong to the ABC transporters, they are

encoded by different gene, and possibly with different regulation pathways in
transcription and translation processes. Thus, changing in protein expression of each

transporter in response to chemical treatment may vary. It was reported that the
content of MDR1 mRNA in hepatocytes isolated from lipopolysaccharide-treated
rats increased whereas the content of MRP2 mRNA decreased.’ It might be
anticipated that metformin had different effects on P-gp and MRP2 expression.

The mechanisms of metformin in increasing MRP2 activity are needed
further investigation. Further studies on metformin-mediated MRP2 expression at

transcription and translation levels should be pursued. Moreover, activation of
AMPK has been linked to an increase of Na', K' ATPase activity in skeletal muscle
cells.® The inductive effect of metformin, a known AMPK activator, on MRP2
functionality via increasing ATPase activity should be also studied in the future.
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Conclusion

Metformin had no direct interference on MRP2 activity. However, this drug

was able to increase MRP2 function in MCF-7 cells after prolong treatment 48 hr).
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Abstract

Platelet hyperactivity is associated with vascular complications in
thalassemia.  The  mechanism  of  platelet  hyperactivity in -

thalassemia/hemoglobinHb) E remains unclear. We hypothesized that increased
intracellular reactive oxygen species (ROS) generated by nicotinamide adenine
dinucleotide phosphate oxidase (NOX) may be involved in platelet hyperactivity in
thalassemia. ROS levels were determined in platelets from healthy and -
thalassemiaHbE subjects (N = 6 each). We measured ROS in platelets by
dichlorodihydrofluorescein diacetate (DCFH-DA) assay. Baseline and thrombin-
induced platelets of B-thalassemia/HbE than healthy subjects ROS and P-selectin
expression were higher in. Inhibition of NOX by apocynin decreased baseline and
thrombin-induced ROS generation and P-selectin expression on platelets of B-
thalassemia/HbE subjects. In conclusion, thalassemic platelets have elevated ROS

levels generated from NOX, and increased intracellular ROS may play a role in
platelet hyperactivity in thalassemia patients.
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Introduction

Platelet hyperactivity is associated with vascular complications such as
pulmonary hypertension and thrombosis in thalassemial? The increased reactive
oxygen species (ROS), decreased antioxidants, and iron overload may lead to
endothelial dysfunction and platelet hyperactivity in thalassemia®% ROS play a role

as intracellular signaling molecules during platelet activation induced by thrombin
and collagen®®. Increased intracellular ROS in platelets are related with vascular

diseases such as atherosclerosis, hypertension and pulmonary hypertension’?,
Platelets of thalassemia subjects have high ROS and low glutathione (GSH) levels®.
However, the role of nicotinamide adenine dinucleotide phosphate oxidase (NOX) on
ROS levels in thalassemic platelets has not been investigated.

ROS play an important role in regulation of platelet function and promotion
of platelet activation. In turn, activated platelets have ability to produce ROS that are

able to modify platelet function'®. The ROS in platelets are generated from activated
NOXduring platelet activation. Superoxide anion and hydrogen peroxide behave as

second messengers to induce a series of platelet activating events such as cytosolic
calcium elevation, thromboxane A, (TXAy secretion, and granule release?*2,

In this study, we aimed to investigate the role of NOX on intracellular ROS
and platelet activity in thalassemia.

Materials and Methods
Subjects

Six healthy and six B-thalassemia/Hb E subjects were enrolled in this study.
Criteria of healthy and thalassemia subjects must be 20-40 years old, did not take
anti-platelets drug and blood transfusion at least 2 weeks. For B-thalassemiaHb E
subjects must be splenectomized. The protocol was approved by institutional review
board (Ramathibodi hospital, Mahidol University, Thailand) on Human Rights
Related to Research Involving Human Subjects under project No.ID-03-56-27.

Blood sample collection

Four milliliters of venous blood were placed to tubes containing acid citrate
dextrose buffer at ratio 6:1 and gently mixed.

Wash platelet preparation

Blood samples were centrifuged at 120 g for 5 minutes at room temperature,
and then platelet-rich plasma (PRP)was collected. Prostacyclin (PGl (500 nM) was
added into PRPto prevent platelet activation before centrifugation at 500 g for 5
minutes to collect platelet pellet Platelet pellet was washed with CGS washing buffer
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120 mM NaCl, 129 mM tri-Nacitrate, 30 mM D-glucose pH 65). After
centrifugation, platelets were resuspended in Tyrodes incubation buffer (137 mM
NaCl, 2.7 mM KCl, 0.36 mM Na;HPO4, 5mM HEPES, 5.6 mM D-glucose, 0.1% BSA
pH 7.4 at ratio 1:2 and further incubated at 37 °C for 1 hour before starting
experiments.

Measurement of ROS generation in platelets

Washed platelets were pre-incubated with 10 uM dichlorodihydrofluorescein
diacetate (DCFH-DA,) for 15 minutes at 37 °C in dark. The washed platelets (100 pl)
were added into tubes containing saturated concentrations of PEcy5-labeled CD42b
@ platelet marker)and PE-labeled CD62P (@ platelet activation marker), and incubated
in dark at room temperature for 15 minutes. Then, the platelets were stimulated with
2 U/ml thrombin and incubated for 15 minutes. In a separate set of experiment, 600
uM apocynin @n NADPH oxidase inhibitor)was pre-incubated for 15 minutes before
stimulation with thrombin. Platelets were diluted with Tyrodes buffer containing 10
uM DCFH-DA and analyzed immediately. Intracellular ROS levels and P-selectin
expression were measured by BD Accuri™ C6 flow cytometer (BD Bioscicences).
The baseline levels of ROS and P-selectin (CD62P) expression were quantified in
samples without thrombin and used as a reference for subsequent experiments. A

percentage of cells with CD62P expression greater than the baseline levels were
calculated from 30,000 events positive for CD42b. ROS stimulation indexes were

calculated from the mean fluorescence intensity (MFI) expressed as fold change
relative to unstimulated platelet set as 10.

Statistical analysis

Statistical analyses were performed using Student's t test (GraphPad, San
Diego, CA). Results are shown as means + SEM. Statistical significance was
considered if P-value < 0.05.
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Results
Baseline intracellular ROS and P-selectin expression on platelet

The levels of intracellular ROS and P-selectin expression on platelets were
higher in B-thalassemia/HbE than healthy subjects P < 0.05) (Figure 1).
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Figure 1 Baseline intracellular ROS (A) and P-selectin expression (B) on platelets
of healthy and B-thalassemia/HbE subjects (N =6 each) P < 0.05 wunpaired t test,.

Thrombin-induced ROS and P-selectin expression

The levels of intracellular ROS and P-selectin expression induced by
thrombin 2 unitss/mly were higher in platelets from thalassemia subjects that those
from healthy subjects (Figure 2).
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Figure 2 Thrombin-induced intracellular ROS generation (A) and P-selectin
expression (B) on platelets from healthy and p-thalassemia/HbE subjects (N =6 each).
*P < 0.05 wunpaired t test).
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Effect of NOX inhibitor on ROS and P-selectin expression

Apocynin, a NOX inhibitor, decreased intracellular ROS and P-selectin
expression on healthy and thalassemic platelets (Figure 3,4).
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Figure 3 Apocynin inhibited intracellular ROS generation (A) and P-selectin
expression (B) induced by thrombin on platelets from healthy subjects (N =6 each). +P
< 0.05 wnpaired t test).
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Figure 4 Apocynin inhibited intracellular ROS generation (A) and P-selectin
expression (B) induced by thrombin on platelets from B-thalassemia/HbE (N =6 each).
*P < 0.05 wunpaired t test).

Discussion

We demonstrate higher levels of ROS and P-selectin expression on platelets
of B-thalassemia/HbE subjects compared with healthy subjects. Both baseline and
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thrombin-induced ROS generation and P-selectin expression are higher in
thalassemia than healthy subjects. P-selectin expression induced by thrombin is
related with ROS generated by NOX, because a NOX inhibitor @pocynin) can inhibit
ROS generation and P-selectin expression.

P-selectin is platelet degranulation marker. P-selectin is released from platelet
a-granules and then incorporated into membrane. The expression of P-selectin on
platelets is elevated in splenectomized B-thalassemia/HbE subjects in comparison
with non-splenectomized thalassemia and healthy subjects. Only splenectomized
subjects were enrolled in our study. Splenectomized thalassmia subjects also have
increased soluble P-selectin in plasma. Here, we provide additional data that the
baseline and agonists-induced P-selectin expression increase in splenectomized
thalassemia subjects.

Thalassemic platelets has decreased glutathione and increased ROS®. ROS

such as superoxide and hydrogen peroxide play role as signaling molecules during
platelet activation, in particular when induced by collagen and thrombin**2 It is

unknown whether increase in baseline intracellular ROS is due to oxidative stress or
platelet hyperactivity. Nonetheless, antioxidants such as vitamin E and reduced

glutathione can decrease platelet activity in thalassemia'®!* Apart from oxidative

stress, platelet hyperactivity may result from decreased nitric oxide and prostacyclin
secondary to endothelial dysfunction®®.

NOX is a primary enzyme responsible for ROS generation in platelets.
Collagen and thrombin are strong platelet agonists known to mediate platelet
activation through NOX activation and subsequent ROS generation!’. ROS can
activate kinase proteins such as ERK, AKT and P38 leading to thromboxane A:
synthesis, integrin allbp3 activation, P-selectin expression, and degranulation®*°.
NOX inhibitors can inhibit platelet ROS production, platelet activation, and
prevention of thrombosis in human. Thereby, NOX inhibition may be a new strategy

for therapy of platelet hyperactivity in thalassemia.

Conclusion

In summary, these studies indicate that intracellular ROS expression in
healthy and thalassemia platelets were generated from NADP)H oxidase. These ROS

may play a role in promoting platelet activation in B-thalassemiayHbE patients.

Acknowledgements

We thank Miss Thanaporn Sriwantana, Miss Jirada Kaewchuchuen, Mister
Krit Rattanawonsakul for laboratory support. This project was supported by funds

from department of Pharmacology, Faculty of Science, Mahidol University.



136

References

1. Srihirun S, Tanjararak N, Chuncharunee S, Sritara P, Kaewvichit R,
Fucharoen S, et al. Platelet hyperactivity in thalassemia patients with elevated
tricuspid regurgitant velocity and the association with hemolysis. Thrombosis
Research. 2015;135¢1):121-6.

2. Atichartakarn 'V, Angchaisuksiri P, Aryurachai K, Chuncharunee S,
Thakkinstian A. In vivo platelet activation and hyperaggregation in hemoglobin
E/beta-thalassemia: a consequence of splenectomy. International Journal of
Hematology. 2003;77: 299-303.

3. Pasin M, Yavuzer S, Tekin M, Akar N, Violi F. Oxygen free radical-
dependent increased platelet function in beta-thalassemia major patients. Thrombosis
Research. 1998;92: 283-6.

4. Singer ST, Kuypers FA, Styles L, Vichinsky EP, Foote D, Rosenfeld H.
Pulmonary hypertension in thalassemia: association with platelet activation and
hypercoagulable state. American Journal of Hematology. 2006;81(9):670-5.

5. Carrim N, Arthur JF, Hamilton JR, Gardiner EE, Andrews RK, Moran N, et
al. Thrombin-induced reactive oxygen species generation in platelets: A novel role
for protease-activated receptor 4 and GPlbalpha. Redox Biology. 2015;6:640-7.

6. Jang JY, Min JH, Chae YH, Baek JY, Wang SB, Park SJ, et al. Reactive
oxygen species play a critical role in collagen-induced platelet activation via SHP-2
oxidation. Antioxidants & Redox Signaling. 2014;20(16):2528-40.

7. Violi F, Pignatelli P. Platelet oxidative stress and thrombosis. Thrombosis
research.2012;129¢3):378-81.

8. Wong CM, Bansal G, Pavlickova L, Marcocci L, Suzuki YJ.Reactive oxygen
species and antioxidants in pulmonary hypertension. Antioxidants & Redox
Signaling. 2013;18(14):1789-96.

Q. Amer J, Fibach E. Oxidative status of platelets in normal and thalassemia
blood. Thrombosis and Hemostasis. 2004;92(5):1052-9.

10. Krotz F, Sohn HY, Pohl U. Reactive oxygen species: players in the platelet
game. Arteriosclerosis, Thrombosis, and Vascular Biology. 2004;2411):1988-96.

11 Handin RI, Karabin R, Boxer GJ. Enhancement of platelet function by
superoxide anion. The Journal of Clinical Investigation. 1977;59(5):959-65.

12. Pignatelli P, Pulcinelli FM, Lenti L, Gazzaniga PP, Violi F. Hydrogen
peroxide is involved in collagen-induced platelet activation. Blood. 1998;91(2):484-
90.

13. Unchern S, Laoharuangpanya N, Phumala N, Sipankapracha P, Pootrakul P,
Fucharoen S, et al. The effects of vitamin E on platelet activity in beta-thalassaemia
patients. British Journal of Haematology. 2003;1234):738-44.



137

14. Kalpravidh RW, Tangjaidee T, Hatairaktham S, Charoensakdi R, Panichkul
N, Siritanaratkul N, et al. Glutathione redox system in beta -thalassemiasHb E
patients. The Scientific World Journal. 2013;2013:543973.

15. Vallance P, Chan N. Endothelial function and nitric oxide: clinical relevance.
Heart. 2001;85(3):342-50.

16. Smith JB. Prostaglandins and platelet aggregation. Acta Medica Scandinavica
Supplementum. 1981;651:91-9.

17.  Violi F, Pignatelli P. Platelet NOX, a novel target for anti-thrombotic
treatment. Thrombosis and Haemostasis. 2014;111(5):817-23.

18. Chlopicki S, Olszanecki R, Janiszewski M, Laurindo FR, Panz T,
Miedzobrodzki J. Functional role of NADPH oxidase in activation of platelets.
Antioxidants & Redox Signaling. 2004;64):691-8.

19.  Walsh TG, Berndt MC, Carrim N, Cowman J, Kenny D, Metharom P.

The role of Nox1 and Nox2 in GPVI-dependent platelet activation and

throm bus formation . Redox Biology. 2014;2:178-86.



138

B18

Nitric Oxide (NO) Metabolites and Expression of Genes Associated
with NO production in Breast Cancer Tissues from Patients

Peerawich Kongkaew?, Ronnarat Suvikapakornkul?, Pornpun
Vivithanaporn?, Nathawut Sibmooh'

'Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok, Thailand
Department of Surgery, Faculty of Medicine, Ramathibodi hospital, Mahidol University,
Bangkok, Thailand

Abstract

Breast cancer is the most common cancer among women worldwide
including Thailand. Previous studies reported that nitric oxide (NO) at nanomolar

concentrations promotes proliferation of cancer cells in the microenvironment with
limited oxygen and nutrients. The aim of this study was to determine the NO level

and expression of genes associated with NO production in breast tissues obtained
from patients diagnosed with breast cancer. The results showed that nitrite and nitrate

levels were higher in breast cancer tissues than normal adjacent breast tissues. The
MRNA expressions of endothelial nitric oxide synthase eNOS), inducible nitric
oxide synthase (NOS), and xanthine oxidoreductase (XOR) were not different
between breast cancer tissues and normal adjacent tissues. In conclusion, increases

in NO metabolites were observed in breast cancer tissue whereas there was no change
in MRNA expressions of gene for NO production. Increased nitrite and nitrate levels

in breast cancer tissues suggest that NO can promote cancer cell proliferation. Thus,
inhibition of NO synthesis could be a novel therapeutic approach. Further study is

required to correlate NO levels with clinical variables, and to elucidate the
mechanism of increased NO.
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Introduction

Breast cancer is one of the most common cancers in women, leading to high
morbidity and mortality. NO is known as a vasodilator and platelet inhibitor.

Correlation between NO and cancer cell growth was reported® 2 However, high NO
concentrations inhibits cancer cell growth®° Effect of NO on cancer cells is therefore
dependent on its concentration®. The high NO levels can be achieved by increasing
eNOS or iNOS expression in cancer cells’. NO at 1 - 100 nM can promote
angiogenesis, stimulate cancer cell proliferation, and inhibit apoptosis. In contrast,
NO at concentration higher than 300 nM can induce apoptosis of cancer cells®. NO
is oxidized to nitrite (NO2) by autoxidation or oxidants. Nitrite can be further
oxidized to nitrate (NOs) by hemoglobin or heme-containing proteins such as
myoglobin, cytoglobin and neuroglobin. Nitrate can be converted to nitrite by
bacteria in oral cavity and colon. Nitrite is converted to NO by deoxyhemoglobin,
xanthine oxidoreductase XOR)* 1°, or mitochondrial enzyme?*.

In this study, we aimed to evaluate NO metabolite levels and mMRNA
expression of genes associated with NO production in breast cancer tissues from
patients.

Materials and Methods

Tissues collection from patients
Human breast tissues were obtained from Department of Surgery,
Ramathibodi hospital, Mahidol University, Thailand. Breast tissues were collected

from operation room and stored at -80 °C until use (N=24). The project was approved

by Committee on Human Rights Related to Research Involving Human Subjects,
Faculty of Medicine Ramathibodi Hospital, Mahidol University based on the
declaration of Helsinki, protocol ID 03-58-32. Nitrite and nitrate were measured by

tri-iodide based and vanadium chloride based chemiluminescense methods,
respectively. The expressions of mMRNA NOS and XOR enzymes were determined
by real-time polymerase chain reaction (real-time PCR).

Measurement of nitrite and nitrate in breast tissues
Frozen tissues were thawed on ice and weighted. Tissues were homogenized

with 1.5 mL of homogenized solution containing with stabilizers (1L mM of KCN, 12
mM of KzFe2(CNys, 10 mM of NEM and DTPA). Afterwards, homogenized tissue
was injected into column containing tri-iodide solution for nitrite determination and
vanadium chloride for nitrate determination'?'4 The signals were recorded and area
under the curve (AUC)was determined using Origin 7 (Origin lab, Northampton, MA,
USA).

Real-time polymerase chain reaction (real-time PCR)
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Breast tissue was homogenized with lysis buffer (Jena Bioscience, Jena,
Germany) containing 2-mercaptoethanol. After that, 1000 ul of homogenized sample
was mixed with 600 uL of isopropyl alcohol to precipitate RNA. The mixture was
transferred to extraction column (Jena Bioscience, Jena, Germany). The RNA
concentration was determined by Nanodrop spectrophotometer. The complementary
DNA (cDNA) was generated by 1 ug of total RNA, random primers (Roche, Basel,
Switzerland), and superscript 111 transcriptase (Invitrogen at 50 °C. The quantification

was monitored by measuring the increasing of fluorescence intensity using iTaq™
Universal SYBR Green Supermix (Bio-Rad, Hercules, CA, USA) on Applied

Biosystems real time PCR 7500 machine. The quantitative gene expression data was
normalized to mRNA level of glyceraldehyde-3-phosphate-dehydrogenase (GAPDH).

Statistical analysis

Data were presented as means + SEM or medians with interquartile range
(QR). p value less than 0.05 was considered statistically significant difference
(GraphPad, San Diego, CA).

Results

Levels of NO metabolites mitrite and nitrate) in breast tissues

Nitrite and nitrate levels are reported as nanomole per gram of breast
tissues. The results showed that breast cancer tissues had significant higher nitrite
and nitrate levels than normal adjacent tissues median (IQR) for nitrite: 17.99
(0.8945-28.82)vs. 14.47 (0.9368-26.61); for nitrate: 401.4 (163.7-617.1)vs. 276.3
(179.2-414 5y (Figure 1).
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Figure 1. The nitrite (A) (N = 26) and nitrate (B) (N = 12) levels in normal adjacent
tissues and breast cancer tissues from patients. *p < 0.05, Wilcoxon
signed rank test.

MRNA expression of genes associated with NO synthesis in breast tissues
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The mRNA expressions of eNOS, iINOS and XOR were analyzed in normal
adjacent and cancer tissues by real-time PCR. There was no difference in eNOS,

INOS, and XOR mRNA levels between normal and cancer breast tissues (Figure 2A-
C.
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Figure 2. mRNA of eNOS (A), INOS (B), and XOR (C) in breast cancer tissues from
patients (N = 3-13). Data are means + SEM, Mann Whitney U test.

Discussion

In this study, we demonstrated that the nitrite and nitrate levels were higher
in breast cancer tissues than normal adjacent tissues. However, there was no change

in mMRNA expression of genes involving in NO production, i.e, eNOS, iNOS, and
XOR. The nitrite concentration in range of 10 - 20 nM in breast tissues is known to
be able to promote cancer cell growth® The nitrate levels are also higher in breast
cancer tissues than normal tissues. The mMRNA expression of eNOS and iNOS are not

different between normal and cancer breast tissues; however, more number of
samples is needed to confirm this pilot result. Our results are inconsistent with earlier

reports that eNOS and iNOS expression are increased in breast cancer cells, as shown
by immunohistochemistry’. Although the mRNA levels of enzymes are not different,

it is possible that the enzyme activity or amount may increase. Therefore, the activity
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and amount of eNOS and INOS requires further investigation by western blot
analysis.

Conclusion

NO metabolites (nitrite and nitrate) are increased in breast cancer tissues than

normal adjacent tissues, but the mRNA expressions of eNOS, iINOS, and XOR are
not changed.
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Abstract

The expression and function of drug transporters including P-glycoprotein (P-
gp), an efflux transporter which is encoded by Mdrla and Mdrlb genes in rat and
organic anion transporting polypeptide (OATP1B1), an influx transporter which is
encoded by Slc21a5 gene in rat have been shown to be affected by grapefruit. Pomelo
(Citrus grandis L. Osbeck) is a citrus fruit which has been used as food or herbal
medicine, known as antioxidant and antihyperlipidemic effects. This study aimed to

investigate the effects of pomelo on Mdrla, Mdrlb and Slc21a5 expressions in rat
livers and intestines. Rats were divided into two groups: control group and pomelo

group. In pomelo group, they were orally administered pomelo juice (2 ml/kg, po)
twice daily for 7 days. The expression of hepatic and intestinal Mdrla, Mdrlb and
Slc21a5 mRNA were measured using the real-time reverse transcription polymerase
chain reaction. The results of this study clearly illustrated that administration of
pomelo juice dramatically down-regulated the expression of hepatic Slc21a5 mRNA
(p<0.05), it however did not alter the expression of Mdrla and Mdrlb mRNA in the
livers. Conversely, real-time RT-PCR analysis revealed that the levels of Mdrla and

Mdrlb mRNA in the intestine of rats receiving pomelo juice were significantly lower
than those of the control group. The mRNA levels of Mdrla and Mdrlb were

decreased by 86.47+ (p<0.001) and 51.43% (p<0.05) of control whereas intestinal
Slc21a5 mRNA expression remained unchanged. In conclusion, pomelo juice down-

regulated the expression of hepatic Slc21a5 and intestinal Mdrla and Mdrlb mRNAs
in rats, suggesting that there is a risk of pomelo and drug interaction which is
associated with inhibition of drug transporters caused by pomelo.

Keywords: Pomelo, P-glycoprotein (P-gp), organic anion transporting polypeptide
OATP)
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Introduction

Drug transporters play important roles in the absorption, distribution, and
removal of drugs. P-glycoprotein (P-gp), an efflux transporter, is located on various

cell types such as hepatocytes and enterocytes. P-gp is encoded by MDR1 gene in
human® and Mdrla and Mdrlb genes in rats? In addition to efflux transporters,
uptake transporters of the organic anion transporting polypeptide (OATPs) family,

especially OATP1B1, which is encoded by human SLCO1B1 gene®and rat Slc21a5
gene?, has been shown to be a major determinant of pharmacokinetic profile of many
clinical drugs*. Since both P-gp and OATP have broad substrate specificity, there is

a significant risk for drug-drug interactions through induction and inhibition of these
transporters®.

Pomelo is a citrus fruit (Citrus grandis L. Osbeck), which is originated in
Asia; however, the consumption of pomelo is not limited to Asia region but it is
spread worldwide®. Pomelo is known as good sources of vitamin C and flavonoids’.

Moreover, the beneficial effects of pomelo such as antioxidant and
antihyperlipidemic have been reported®. Consequently, the possibility of the

concomitant consumption of pomelo with conventional drugs in patient is even more.
It however should be noted that pomelo is botanically related to grapefruit (Citrus
paradisi)and also contains furanocoumarins which has been reported as inhibitors of
both CYP3A4 and P-gp®. Therefore, this study investigated the effect of pomelo on

expressions of drug transporters including, Mdrla, Mdrlb and Slc21a5 in a rat
model. Thus, the study will provide supplemental safety information of herbal-drug

interaction.

Materials and Methods

Animal Model
Male Sprague-Dawleys rats with age of 7 weeks and weight of 250 to 300 g

(were purchased from supplied by the National Laboratory Animal Center, Mahidol
University, Salaya, Nakorn Pathom, Thailand). All animals were housed as 3
animals,cage and kept in a controlled environment with a 12:12hours light-dark cycle

at 25+2°C at the laboratory animal facililities of the Faculty of Medicine,
Chulalongkorn University's animal laboratory facilities. The experimental protocol

was approved by the Animal Ethics Committee for animal study of the Faculty of
Medicine, Chulalongkorn University.

Rats were divided into two groups; control and pomelo groups. Animals in
the pomelo group were orally administered with pomelo juice (2 ml/kg, po) twice
daily (9.00 and 17.00) for 7 days. After that, rats were sacrificed under isoflurane
anesthesia and livers and intestines were taken and frozen in liquid nitrogen. The

MRNA expression levels of hepatic and intestinal drug transporters including Mdrla,
Mdrlb and Slc21a5 were measured.
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RNA Isolation and Real time RT-PCR Analysis

Intestinal and hepatic tissues were rinsed with cold 0.9% normal saline. Total
RNA was isolated using TRIzol reagent (Invitrogen, Burlington, ON, Canada). Then,
total RNA was converted to cDNA by ImProm-1l Reverse Transcription System
(Promega). Gene amplification was carried out using TagMan gene expression assays
from Applied Biosystems (Carlsbad, CA) with the specific primers as shown in
Tablel. The mRNA levels of interested genes in rats receiving pomelo are
normalized to GAPDH were expressed in relative to those in control rat using the 2°

T method.

Table 1. Sequences of primers used for quantitative real-time RT-PCR

gene orientation Primer sequences 5 to 3- orientation
Forward 5-TCT GGC GGC CAT TAT CCAT-3
Mdrla . 5.TCA TAC TAC GGT TGT TTC CTA
SVEISE |l caTTTGS
5-TGA ATC CCA AAG TGA CACTGG T-
Forward
Mdr1b i
R 5-ATACTT CTG CGA ATT GAT CTC
SVEIE et ATTS:
r q 5[-CCACTGCTG AGG TAGTCT TCC
orwar TTATG30
Slc21a5
R 51-CAG AGC CAG AAT GCT AAG TGT
everse GC3l
GAPDH Forward 5 TGCACCACCAACTGCTTAGC-3
Reverse 5-GGCATG GACTGT GGT CAT GAG-3

Data analysis
The data are presented as mean + SEM. Estimation of differences between

groups were used an unpaired Students t test. xp<0.05 and *+p<0.001 were determined
as statistically significance.

Results

MRNA Expression of hepatic Drug Transporters in Rats

As shown in Figure 1, oral administration of pomelo juice for 7 days
decreased expression of Slc21a5 mRNA in the liver by approximately 70+ (p<0.05),
with respect to the control group. Conversely, there were no significant difference in
Mdrla and Mdrlb mRNA expression between the control group and the pomelo

group.
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Figure 1. The expression of Mdrla, Mdrlb and Slc21a5 mRNAs in the livers of
control and pomelo rats using quantitative real-time RTPCR (qRT-PCR).
Data are presented as mean = S.E.M. of three animals in each group.
*p<0.05 compared with control rats.

MRNA Expression of intestinal Drug Transporters in Rats

In contrast to the liver, we found that oral administration of pomelo juice
down-regulated the expression of Mdrla mRNA in the rat intestine by approximately
85% (p<0.001). Furthermore, a significant reduction in intestinal Mdr1b was detected
in pomelo juice-treated animals when compared to the control animals (p<0.05). It

however should be noted that the expression of the uptake transporter, Slc21a5
MRNA remained unchanged.
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Figure 2. The expression of Mdrla, Mdrlb and Slc21a5 in the intestines of control
and pomelo rats using quantitative real-time RTPCR (RT-PCR). Data are
presented as mean + S.E.M. of three animals in each group. »p<0.05 and
+p<0.001 compared with control rats.

Discussion

Previous studies reported that administration of grapefruit resulted in
inhibition of enteric P-gp, increasing drug bioavailability or eventually causing

toxicity®®. It was shown that grapefruit down-regulated the expression of both P-gp
protein and mRNA in HK-2 cell line!!. Conversely, Edwards and co- workers
(Edwards et al, 1999)demonstrated that consumption of grapefruit for 6 days did not
affect the expression of intestinal P-gp protein'2. This study showed that the mMRNA
expression of Mdrla and Mdr1b in the intestine of rats receiving pomelo for 7 days
statistically decreased when compared with the control. In addition to efflux

transporters, previous studies showed that the component of grapefruit juice such as
bergamottin and 6',7'-dihydroxybergamottin could inhibit the activity of drug uptake

transporters'®. It was reported that similar to grapefruit, pomelo has flavonoids which
are associated to OATP inhibition**. The results from this study illustrated that
hepatic mMRNA expression of Slc21a5 in the pomelo-treated rats was significantly
lower than that in the control animals. The previous study has been reported that
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pomelo juices statistically significant enhanced tacrolimus blood concentrations in
rat model. They proposed that pomelo may change activity and function of CYP3A

and P-gp'®. Consistent with human subjects, the study showed pomelo pulps
significantly increased cyclosporine bioavailability. They described that pomelo
could inhibit intestinal P-gp or CYP3A in human®®. In more detail, our study

demonstrated that pomelo inhibited expression of intestinal drug efflux transporters
and hepatic drug uptake transporters which can cause a risk of side effects when
concomitant with drugs that are substrates of P-gp and OATPs.

Conclusion

The present study revealed that oral administration of pomelo juice resulted
in down-regulation of hepatic Slc21a5 mRNA expression and intestinal Mdrla and

Mdrlb in rats, suggesting the potential interaction of drugs that are substrate for P-
gp and OATP1B1.
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Abstract

A Thai traditional remedy for postpartum care called "Sa-Tri-Lhang-Klod"
(STK)is in the lists of The National List of Essential Herbal Medicine (NLEM) of
Thailand. It has been used for postpartum care on excrete lochia, blood tonic,
uterine involution and improving blood circulation. STK consists of 17 herbs which
has no reported on the antimicrobial activity. Therefore, the objectives of this study

was to investigate the antimicrobial activity of STK and its plant components to
compare their antimicrobial activity. All specimens were macerated with 95

ethanol to obtained ethanolic extracts. All extracts were tested antimicrobial activity

against Staphylococcus aureus(ATTC 25923), Escherichia coli (ATTC 25922),and
Candida albicansctATTC 90028 by disc diffusion method. Minimum inhibitory
concentration (MIC), and minimum bactericidal concentration (MBC,) of all extracts
were measured by broth dilution method. The result showed that the ethanolic
extract of C.sappan exhibited antimicrobial activity against S. aureus and E. coli
with the highest inhibition zone of 22.67 + 2.32 mm and 10.33 + 0.58mm,
respectively. P.Indica extract exhibited highest antimicrobial activity against
C.albican with the highest inhibition zone of 13.00 £ 0.00 mm. M. siamensis showed
bacteriacidal activity against S. aureus with MIC and MBC of 0.019 mgml.
Moreover, the MIC and MBC values for C. sappan against E.coli and C.albican
were observed to be same (1.25 mgml and 0.625 mg/ml, respectively). All of extracts
had less antimicrobial activity than Gentamicin and Amphotericin B. However, this
results can supported STK to protect postpartum infection.

Keywords: Antimicrobial activity, Sa-Tri-Lhang-Klod, Postpartum infection
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Introduction

Alternative medicines is now commonly used for several ailments including
postpartum care because it is generally believed that herbal medicines are effective,
safe, cheap and easily accesible.The use of medicinal plants in women's health

related conditions such as pregnancy, postpartum healthcare and lactation have been
documented for various ethnic groups®.

»Sa-Tri-Lhang-Klod (STK)" is Thai traditional medicine and is in The National
List of Essential Herbal Medicines (NLEM).It is used for postpartum care to excrete
lochia, uterine involution and improving blood circulation. Besides, STK has been

used to treat various symptoms in women such as irregular menstruation,
postmenopausal symptoms, menopause,amenorrhea, abnormal blood circulationand
inflammation in postpartum. STK consists of 17 plants and it has no report on

antimicrobial activity. However, previous studies have reported that plant
components of STK showed cytotoxic activity®. Preparation of STK consists of roots
of Maclura cochinchinensis Lour.Corner, stems of Artocarpus heterophyllus Lam,,
rhizomes of Curcuma comosa Roxb., stems of Caesalpinia sappan Linn,vines of
Piper ribesioides Wall, roots of Plumbago indica L., flowers of P. longum Linn,, roots
of Angelica sinensis Oliv.Diels, stems of Salacia chinensis L., fruits of P. nigrum
Linn,, roots of P. samentosum L., flowers of Carthamus tinctorius Linn., flowers of
Jasminum sambac Ait., flowers of Mimusops elengi L., flowers of Mesua ferrea
Linn., flowers of Mammea siamensis Kosterm., and flowers of Nelumbo nucifera
Gaertn. Each plants has been used in Thai traditional medicine as stimulator for blood
circulation, blood tonic, anti-inflammation,and astringent in postpartum women for
long time .

Therefore, the objectives of this study was to investigate the antimicrobial

activity of STK extract and its plant component extracts against three types of
microorganism such as Saureus, E. coli, and C.albicans. This study may provide

scientific support to use STK for postpartum infection.

Materialsand Methods

Chemicals and reagents
Mueller-Hinton agar MHA), Mueller-Hinton brothtMHB) and nutrient agar

(NA) were purchased from Difco, USA. Resazurin was purchased from Sigma, USA.
95+ Ethanol was purchased from CMJ Anchor Company, Thailand. Dimethyl
sulphoxide (DMSO)was purchased from RCI Labscan, Thailand.
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Plant materials and extraction
Plant materials of STK were collected from several parts of Thailand and
their voucher specimens are presented in Table 1. The voucher specimens were

deposited at the herbarium of Southern Center of Thai Medicinal Plants at Faculty
of Pharmaceutical Sciences, Prince of Songkla University, Songkhla, Thailand. Each

plant materials were cleaned, sliced and dried in a hot air oven at 50°C.

Maceration
The crude specimens of STK and its ingredients were macerated in 95%

ethanol for 3 days and filtered by Whatman No.1 filter paper. The macerated fluid
was dried by rotary evaporator and repeated two times.

Determination of antimicrobial activities
Microbial strains: The microbial species, S. aureus (ATTC 25923), E. coli

(ATTC 25922) and C. albicans (ATTC 90028) were used for this study. The cultures
of bacteria were maintained at 4 °C throughout the study and used as stock cultures.
The cultivation medium, MHA was used as base medium for the screening of anti-
microbial activity. MHB was used for preparing inoculums. The antimicrobial test
was performed in triplicate. Gentamicin and ampicillin were used as positive controls
for the bacteria and amphotericin B for the fungus, DMSO was used as negative
control.Preparation of inoculums: Each type of microorganism was streaked on a

non-inhibitory NA plate to obtain isolated colonies and incubated at 37°C for 18-24
h for the bacteria and 36-48 h for the fungus. One single colony was selected with an

inoculating loop, and transferred into 3 ml of MHB and incubated in a shaking
incubator at 37°C for 2 h. The turbidity of bacteria was adjusted to 0.5 McFarland

standards (1.5x108 CFU/mI) by MHB.
Preparation of test disc: The 95% ethanolic extracts of STK and its
ingredients were dissolved in DMSO to a final concentration of 500 mg/ml and the

aqueous extracts were dissolved in distilled water to a final concentration of 100
mg/ml and filtered with Millipore filter paper 0.22 um. Then 10 pl of extracts was

applied on sterilized paper disc (6 mm in diameter)

Disc diffusion method: This method was used to screen antimicrobial
activity of the extracts ®. Filter paper discs (6 mm in diameter) were impregnated with
10 ul of the extract (500 pug/ml in concentration). Air-dried discs were placed on
inoculated MHA surface (for bacteria) and on Sabouraud dextrose agar (SDA) surface
(for fungus). Positive controls in the present study were gentamicin and amphotericin
B (1 mg/ml in concentration). These plates were incubated at 37°C for 24 h for
bacteria and at 30°C for 48 h for fungus. The zone of inhibition was calculated by
measuring the diameter of the inhibition zone. Three different fixed directions were
taken in triplicate and the average value was calculated.
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Measurement of MIC and MBC:The MIC assay is a technique used to

measure the lowest concentration of tested compound that can inhibit the growth of
microbes®. This technique utilized the microdilution method in a 96-well microplate.

Concisely, 50 ul of extract was diluted in two fold dilution in the well. The cultures
were prepared from 18-24 h cultures of S. aureus, and E. coli and from 36-48 h
cultures of C.albicans on broth cultures. The culture was diluted with MHB medium
to 0.5 McFarland standard using densitometer, and 50 pl was added into each well
and mixed well. After 16-18 h of incubation at37°C, 10 ul of resazurin solution was
added into each well and incubated further for 2 h. MIC of the present study was

defined as the lowest concentration of the extract that prevented a color change in
the 96-well microplate. The MBC of the present study was determined by sub-

culturing the test dilution (that used in MIC) onto fresh solid medium and was
incubated further for 24 h.
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Table 1. Plants and part of plants component in STK.

Botanical name Family Plant collected from Voucher Partused| Thai traditional medicine
specimen used
number
A sinensis Umbelliferae China SKP199010901 | Root Blood tonic, menopause and
premenstrual syndrome
A heterophyllus Moraceae NakhonRatchasima | SKP117010801 | Stem Haemostatic, anti-
inflammation, blood tonic and
astringent
C. sappan Leguminosae Bangkok SKP098031901 | Stem Blood tonic, menorrhagia,
leucorrhoea and diabetes
C. tinctorius Compositae Chiang Mai SKP051032001 | Flower Blood tonic, cardiac tonic and
reduce cholesterol
C.comosa Zingiberaceae Phetchabun SKP201030301 | Rhizome | Menorrhagia, leucorrhoea,
postpartum uterine bleeding
and perimenopausal bleeding
J. sambac Oleaceae NakhonPathom SKP129101901 | Flower Asthma, cardiac tonic and
fatigue
M. cochinchinensis | Moraceae PrachuapKhiri Khan | SKP117130301 | Stem Fever, antispasmodic and
astringent
M. siamensis Gulttiferae Ratchaburi SKP083131901 | Flower Cardiac tonic, fever-lowering
and enhancement of appetite
M. ferrea Guttiferae Ratchaburi SKP083130601 | Flower | Astringent, carminative, blood
tonic and cardiac tonic
M. elengi Sapotaceae Ratchaburi SKP171130501 | Flower Cardiac tonic, expectorate and
sore throat
N. nucifera Nelumbonaceae | Ratchaburi SKP125141401 | Pollen Cardiac tonic, vertigo, faintness
and fever
P. longum Piperaceae Chanthaburi SKP146160301 | Fruit Carminative, element tonic and
antidiarrheal
P. Nigrum Piperaceae Chanthaburi SKP146161401 | Fruit Carminative, element tonic,
expectorate and diuretic
P. ribesioides Piperaceae Sakhonnakhon SKP146161801 | Stem Carminative, antiflatulant and
element tonic
P. samentosum Piperaceae Ratchaburi SKP146161901 | Root Expectorant, carminative and
flatulence
P.indica Plumbaginaceae |Bangkok SKP148160901 | Root Carminative, stomachache,
antidiarrheic and hemorrhoids
S. chinensis Celastraceae Ratchaburi SKP044190301 | Stem Blood tonic, cardiac tonic,
carminative and muscle pain
STK Amenorrhea, blood tonic,
menopause and astringent
Results

The result showed that the ethanolic extract of C.sappan exhibited
antimicrobial activity against S. aureus and E. coli with the highest inhibition zone of
2267 £ 232 mm and 10.33 £ 058 mm, respectively and the extract of P.Indica
exhibited antimicrobial activity against C.albican with the highest inhibition zone of
13.00 £ 0.00 mm. The MIC and MBC of the M. siamensis showed the highest activity
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against S. aureus at 0.019 mg/ml and 0.019 mgml, respectively. Moreover, MIC and
MBC of C. sappan showed the highest activity against E. coliat 1.25 mg/ml and 2.5
mgml , respectivelyand C. albican at 0.625 mg/ml for both MIC and MBC. The 95+
ethanolic extract of STK had no activity against E. coli. Nevertheless, the 95
ethanolic extracts of STK showed antimicrobial activity against S. aureus and C.
albican with inhibition zone of 9.33 + 0.58 mm and 7.33 £ 0.58 mm, respectively.
Moreover, both MIC and MBC of the 95« ethanolic extracts of STK against S. aureus
were 0.625 mgml Futhermore, MIC and MBC value of STK extract against C.
albicans was observed to be same was 2.5 mg/ml. The antimicrobial activity of the
95+ ethanolic extracts of STK and its plant ingredients by disc diffusion method are
shown in Table 2. The MIC and MBC of the 95« ethanolic extracts of STK and its
plant ingredients are shown in Table 3.

Table 2. Antimicrobial activity of the 95% ethanolic extracts of STK and its plant
ingredients by disc diffusion method (mean + SD) n-3).

Plants name Inhibition zone (mm)

S. aureus E. coli C. albicans
A sinensis NI NI NI
A heterophyllus 1167 +0.58 NI NI
C. sappan 2267 + 2318 1033 £ 058 1133+116
C. tinctorius NI NI NI
C.comosa NI NI NI
J. sambac NI NI NI
M. cochinchinensis 12.00 £ 0.00 NI NI
M. ferra 10.00 £ 0.00 NI 957 +058
M. siamensis 9.00 £ 0.00 NI NI
M. elengi NI NI NI
N. nucifera NI NI NI
P. longum 9.67 £ 058 NI NI
P. Nigrum NI 833+ 058 833+058
P. ribesioides 833+116 NI NI
P. samentosum NI NI NI
P. indica 20.00 +0.00 867 +058 13.00 + 0.00
S. chinensis 10.00 + 0.00 NI NI
STK 933+058 NI 7331058
Gentamycin 22.00 £ 0.00 23.00 = 0.00 NT
Amphotericin B NT NT 19.00 + 0.00

NI=No inhibition, NT- Not tested
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Table 3. MIC and MBC of the 95% ethanolic extracts of STK and its plant
ingredients (n=3).

MICmg/mlyMBCmgml)

Plant name S. aureus E. coli C. albicans
A sinensis NI NI NI
A heterophyllus 0.156/0.156 NI NI
C. sappan 0.156/0.156 12525 0.625/0.625
C. tinctorius NI NI NI
C.comosa NI NI NI
J. sambac NI NI NI
M. cochinchinensis 0.625/0.625 NI NI
M. ferra 015015 NI NI
M. siamensis 0.019,0.019 NI NI
M. elengi NI NI NI
N. nucifera NI NI NI
P. longum 125/124 NI NI
P. Nigrum 0.039,0.039 12525 125125
P. ribesioides 125125 NI NI
P. samentosum NI NI NI
P. indica 2525 2525 125125
S. chinensis 125125 NI NI
STK 0.625/0.625 NI 2525
Gentamycin 0.125/0.125 (ug/ml) NT NT
Amphotericin B NT NT 11 qugmly

NI =No inhibition, NT = Not tested




161

Disscussion

The antimicrobial activities against bacteria and fungus of the 95« ethanolic

extracts were studied by using disc diffusion method and determination of MIC and
MBC. Bacteria and fungus are the cause of infection related to postpartum pyrexia.

Previous studies showed the antimicrobial activities of A sinensis®A heterophyllus®,
C. sappan®,M. siamensis”,Nelumbo nucifera” against S. aureus that are in line with
the results of our study. Our results also showed that M. siamensis exhibited the
highest antimicrobial activity against S. aureus with both MIC and MBC of 0.019
mgml (Table 3). C. sappan and P. indica had antimicrobial activities against all of
three microbia, tested in this study (Table 2). Surprisingly, eventhough several herbs

in STK showed antimicrobial activities, and that their antimicrobial activity should
at least be addtive when used as combination in STK, but the overall antimicrobial
activity of STK was not more effective than some herbs in this preparation and that
STK was not effective against E. coli. However, further study should be performed

for the antimicrobial activity of STK other microorganisms to expand its spectrum
All extracts in this study had less antimicrobial activity than gentamicin and
amphotericin B. However, the results of the present study can partially support the use

of STK, aremedy in Thai traditional medicine for protection of postpartum infection.

Conclusions

The ethanolic extract of STK showed antimicrobial activity against one of the
cause of postpartum infection, S. aureus. In addition, the ethanolic extract of some

plants which were the ingredients in STK exhibited good antimicrobial activity, as
well. Therefore, these results could be considered for adding more indication of STK

in the NLEM of Thaiand.
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Abstract

Nowadays, food additives, including monosodium glutamate (MSG) are
widely used in food industry and household units. The studies of the effect of over-
consumption of MSG on the reproductive organs were still controversial. In this

study, zebrafish, a useful model organism for the study of vertebrate biology, was
used to observe the effects of MSG on the sex ratio and reproductive organs. The 10-

day-old zebrafishes were divided into 5 groups, group 1 was negative control which
carbon-filtered water was used without any other substances. Group 2 was positive
control in which ethinylestradiol solution 10 pg/L was added. Group 3-5 were the
experimental groups in which 0.001%, 0.01% and 0.1% of MSG were added
respectively. The experiment was conducted for 60 days to study the effect of tested

substances on the sex ratio and other abnormalities of reproductive organs of the
zebrafish. The result showed that male to female ratios for group 1-5 were 9:1, 3.7,

7.3, 6:4 and 5:5, respectively. The animals treated with 0.01% and 0.1% MSG had
significantly male.female ratios lower than negative control group. In conclusion,
exposure to MSG has an impact on the reproductive organs of zebra fish and tends
to increase the number of female zebra fish. Further studies are necessary in order to
elucidate the detailed mechanism of this toxicity and to draw a conclusion on a causal
association between the MSG intake and the abnormality in sex ratio and
reproductive organ of zebra fish.

Keywords: zebrafish, monosodium glutamate, sex ratio, sexual development
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UNANEa

lutloytudmsleingidavuems (food additives) IuiesNysa (monosodium
slutamate %3 MSG) Ausehaunsnargvilugnamnsmemnsuasluasuiou 910ms
FuAumaseiiagatos wuiivimivayuaslimivayumsusion MSG an3deils
vanhareduduaniidussloadlunsAnymei g inewesdniinsegnaunas 1o
NAFOUNAYDY MSG AaensIaIuNALAL Sy UUaUNUgYaIUa1a1e IneriinIsutanguyal
thargieeauery 10 Susenidu 5 ng nguil 1 iunguavauavidedluinsesnisuey
Ine/lsiiivansiadlln 9 (carbon filtered water) nguil 2 ilunguaavauyIndilaaisazate
o3ialeans1lneea (ethinyl estradiol solution) iaa7uitudu 10 lulasnsusedns nzgﬁ/ﬁ'
3-5 1 MSG finantudu 0.001%, 0.01% uaz 0.1% awdIy 9muEsandy
18I 60 Fu LRBGHANTLNUAESATIFIUNALAAIINARYNGDYJYeIe I TS HA
mswmaawm’m‘“mmfam/a74ww§m’aﬂmzwmﬂmam@wﬁ 1-50AY 9:1, 3:7, 7:3, 6:4 lhae
5:5 989U WU’J’?@W/Z@”Aﬁ@AU?&/mﬁyuwwdwn@ﬁumU@yaun"’unzgﬁ/ﬁ 4, 5 Uazngu
navauInAungua 3 dmanuansedueseiiibdAymeada sansvaaeeiasulad
MSG  fnanoetiasduiugvesariare  Ineduualdurilisnsasaunamdegaiu
oealsAmumsadnsdnwseluiiielimsiudnalamainiy uasdudunimaisiusids
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luifagUudnisldingiFovuerms o wgsa dusehaunsvare Kluninanain-
nssuvmlngiuaslunsasouruindon esningrareiaguutadly vibigaudeds
Fauveduvnamindy Temaiudasasounsavhemssulsymueniosas i
n1steemTenieIMaiNgy  dwalisgsanareiiudumisenisusianvesay
oehandniaesluld muadnussmsnisiiaduasuliinstiwagsaniniu Aomsivlnves
onaMNTSUNEARIY TS gUITonaUaUeIRIINARINIT  uazNAImAEAINUIETLA
gaulutfoguuiiniuiue

ANY3a (monosodium glutamate 139 MSG) Aﬁuﬁ’@qza‘?’aUua’)miﬁﬁa”wmuf/u
wandyn Lilindu gasmaundde CsHsNNaOq « HO iflundevesnsangsidn annsa

sarelui usniilmdesuazngnium Futunsneriluwdanieimansanyldluomns

My wdersivuamnasmnmsuduasiving  Suumsifuseysaasuluomsde
isianganTigaaely uasnsydugsusai lisusandlaniu

avAmseursielanldmmunmiseduiigeusulinesu (acceptable daily intake
U39 ADI) wesnsysalviagTungi not specified 1do991ndaatandiuisinin usisiesu
msuibsysalulszmmansgensnt easuimsuilnaneysaerliahliiAavasaauiy
(bronchospasm) Z@71J571’/7J£/U7v"57£/772f/ﬂ?5@77@Via‘ugwéﬂ (severe unstable asthma)
uaf}477ﬁ5§ﬂﬂ57807u4f7870”Un@'ﬂ87f}75 Chinese restaurant syndrome (CRS) Miadu
nésamuilnansgsa lnedrgauniusalull a.a 1968 uasndsanildiseaun s
WY HANIUNITITERANTTIUYOIYTEHOqUA W WYV LTI SRy s T
1AangueImICRS” uaziilimivayuimeysavililAnngueinis CRS™

wanINMIIeaeURaT AT YNy saluLY s Selenaseiviludninaans
wui dnrsdnwmavesagsadonInudguutamieganeinnveaiaidosildvasmy
Wistar rat szeglawdiudy wusrwagsaaunsavinbiiAansaeuuaseuioidosly uay
Tanhbivyidnnrizmamluauysaliugld™ uonenideinimaasuieatunavesnaysa
sooieazduiiugveanyne’ wuiimynnaeeilasuseysa (6 n3usedlansi) uhmin
Yosgufiudiegilnadnme (seminal vesicle) Usuaunalnainalsy (testosterone) kay
FA0g9ana4

Uanthare (Danio rerio) (udninlasumauidenTunsuinnldi fudniiiosuns
Sngrmans Tutlgtuinisadvayulilévardiargnaununisldnynaasaundu
(replacement species) 17i9999nUa 158788 Tuarvunign AUadIY fagesiiaiiaund
dninnaseridndug Ingldiaag 2-3 Sundsufausoenuininlyninivdeuutamiane
(Badunasnnufausussana10 $u lussezisuusnvardarsdumedeiona 013
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wWheuvasmamavesahare udumeadeerauysamainuiaus 35 $u Tuvai
msideuasluBumeglnsauysal indundsmmnuiaus 45 Su

vmaaIumsainslineysasuluysinannnilanuazeindayansinmdmydn
waysaiuualiuiosiiuaslungy endocrine disrupters™® ' n1sAnwdaeitingusyaad
iloAnwdnavesnysanonIsAsuLYAesTT YR UAz S T IdumATUA A 1e
vielifiAnaaiunseninuasns1using 71/57@”@7/@0&/@5&%7@ﬂwansswvm'an 75
WheYaseIT UUF UG Y895 T 30

CGLIGERR IR

andnnaa

vanhargdeeau (larvae) 91910 Tunadin (10 dph) ldamnmshvaidharge
wsiiugiauysalufoussninsudesaniamdelusmaunsuguunde Sifousudaly
whivanmuandouTuiosfuinisaudiselsadnin anzdnaummemans guiasnsal
unInede una 1 iou lhinsesarsueulunindss emuanhareweusiiug
oeeay 10 47 thasgiinlyvarialiitunamiedu vulvvsnhereluiudau tuuen
laluguarguau 4 ¢ gaz 100 Woe Ianieruiamseithuaar 3 Ju augnvaidiarein
sty 1Eealdituaan 10 Su Fahwmagey

lvawgalddniiiesiunieinermans ausdnaunemans guiainsal
unYINeIFY 189l 1631007

I5n15MAa89

n19VRB9 1EUUY static renewal system l8anuariildainnisitnlusiatodnne-
A9 200 ] L?Zi/mdyjc"/dﬁaw 10 dph 99 60 dph lushnseemsueu (carbon filtered water)
wamwnmm Z?fﬁ?%i/ﬁﬁi/@ﬂ’)?/ﬂ’)ﬁ] 15 Aas Wunhildlunsidees o 10 50 lnewbou
e 50 % vnthuduarsnaaeulusuns 50 % 95 U ATIUAY m‘uuuwnwam
@zumwm laun @zmgmmufnmnlé‘Uunm—mwaom (oH) n&99Inmsaeuerens

nslenvns Wegnuarhareitnduss Tiormswannsrilu (TetraMin®) a8usy
015dleuay 2 A% i mandu fevaiivuielugdulimieuuns (bloodworm) 1a5u
WsouAUNITIReIMITHULYNG

A¥nnsumaaas uvavareenii 5 ngunguay 20 FarINITNAABY 2 G1YNNGuNTT
nnaodlneisula MSG inusugusie 9 Aulularivdeueiy 10 Su

5suTlE MSG 3 manngudu o 0.001 %, 0.01 % uag 0.1 % FuvTunaI
1A UEINTIAY LDsy 71 96 Talusluszezionusle 1000, 100, 4ag 10 19 IUEIY

¥ o
v 1

¥a1IR7 LDsp 1198798999087 LD50 71 96 $aluaiy sy 1.039 %'
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nguil 2 ngumivauyIn laasasaeesiaeaniilneea 10 ug/L
ngil 3 MSG 0.001 %

Nl 4 MSG 0.01 %

nguil 5 MSG 0.1 %

ifensuimunviin1snIgaleaIaf 188188y 2-Phenoxyethanol (2-PE) [1-
hydroxy-2-phenoxyethane] iffusaeensaimnassuslunesuidu 10 % wanwizUariioe
yn758oud (hematoxylin and eosin staining; H & E) 91u3unguay 4 63 ¥n715Anw)
ngane s imenlnednvialadieeiuuuan (wet mount) Suvariimasagveausasngu
uasaladiiieeuiicoud H & E ilogumaaiuazauAnunioy quese’tisauniug
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uazAnY)

nsuennAdasinanenanesInen uenumalagaunaesganssmikuulvia
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yIve0e NTALIU
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Inelunsnmassiliumusaridiae e
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1. JoyasenInmImeaes Loy ampll Sn5I1N15509 AIMARUARTNULAEAIAI M
iunse-aravead) (oH)

2. JoyandsaugnnImeass 1wy snmgumaildainaladiegruyuanuas
glasieeeiidond H & E uasmauiinundimun1sgane15ime)
n15uATIZIToYa

UATILINIANINAUNUTYDIONTIFINT I IUNAE WAL S U UTE N 19NN
nnassuaznguaIvaulngly Chi-square test Mmualiiipadgymeadide p < 0.05

wansfnwwanslugUenIgauTivaumagsonmdeuassosigud Iingied
wwaliwessnsinssenluusiszngunisnaasadensy 60 $u lnegihuasifuinissen
iiguAvasevesdundeuilsantiuinlveuaasngunisnaass

HANITNAADY

sAseliassarnhareduniooouaudeszes Induioduaaiou 60 Su wua
naoanIniassnan N lugnngunisnaasedeutnsilnedeamgiiady 29.4 oemm
iwaLBeauasen pH Lade 7.48 - 7.6 Feoglunnsgumsiasevaniinludiinaaes's

FmsudhsIseanenuINgunIsAIUANtnsesmITuay (ngu1) dns1sen
10dE 67.5% ngumIvpuYINTIlaaIsazatiesdateansalnasa (ngu2) shsinissen
82.5% UaznguNAFOUMSG 1R TgY 0.001%, 0.01%, 0.1% (nquii3-5) T6n51175
509 75 %, 27.5 % Ay 25% AINAIRY (11579711)

AN5199 1 9m57775599) survival rate YaaUars1areniansy (60 U
Total Fish at 0 Total Fish at 60

ngunAday doh () doh () Survival Rate (%)
1 Negative control 40 27 67.5
2 Positive control 40 34 82.5
3 MSG 0.001% 40 33 75
4 MSG 0.01% 40 11 27.5
5 MSG 0.1% 40 10 25

99N715MAABIHATEY MSG sladndiuvesnsiseuutaunaiinyy lngisnisvi
fresh smear 91ntilai8ouasisnrsviraladnieinenidoifonioldndosganssad
(histology) lenan vmaeseil

nguil 1 wuduIutauwag 23 71 (85.2%) daudly 4 #2 (14.8%) 9110879y
3uii 60 dph F1uau 27 Free9 Aguil 2 wustuIuawaE 1167 (32.4%) ey 23 62
(67.6%) 971 34 79619 nguil 3 wuFruIUUA WAL 23 52 (69%) ALl 10 7 (31%)
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99 33 296179 AUl 4 wuTIWIUURUNAE 7 67 (63.6%) twAdle 4 7 (36.49%) 990 11
#1089 nguil 5 wuTrwauaunag 5 62 (50%) inAidle 5 672 (50%) 910 10 Fa9e79

o o

N19ATISINNEAAN 85 Chi square WUTITAIIULANG WAL INTIETIA IS

N o o o

ARATENINNGUAIUANAUAUNGUNITNAABI] 1, 2 Uazdnruunns e uidiearAgm)
AOATENINNGUAIVANUINAUNGUNITNAGBIT 5 (115797] 2 Udzguil 1)

<o

M5l 2 SnndumAvesUahaelusazngnInaeg
, Total Fish Male Sample  Female Sample
NaUNA&HdU
! at 60 dph (n) (%) (%)
1 Negative control 27 23 (85.2%)° 4(14.8%)°
2 Positive control 34 11 (32.4%)" 23 (67.6%)
3 MSG 0.001% 33 23 (69%)" 10 (31%)"
4 MSG 0.01% 11 7 (63.6%) 4 (36.4%)"
5 MSG 0.1% 10 5 (50%)" 5 (50%)"

Mg dnnuusngNiuegileanynsaddeieuiunguaIvANay
Pvaneds dmuusnsneiueesillearagmisadmidenisuiungunIuaLyan

wamsmIaiiaidongane15ine1vese Fasduiugvesuarharengunivasay
NRUMIUANYIN UaznguTnaaausag MSG inantutusng q fu wuideieunivessily
uazsnmzaaaUa sz s Ui Vi iwuiioide i duaeunalulariauseaiu wuns
a"’néﬁwmmﬁmzfamwau%ﬁaa”mmwaaﬂaﬂunzgiilmuqilmna"?mu 162 (31/77/ 1)
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Ul 1 ilaudeaiazduiuguaninalengy A nguaIuauay ngu B-C NgUAIUAUIN
ngu D-E (MSG 0.001%) ngal F-G (MSG 0.019%) nguH (MSG 0.1%) O=Ovary,
T=Testis, N=Necrosis, |=Inflammation (71183v&7¢ 10 917 H&E stain)
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tTagUu nalnivhlivanharewaguuaanadsliduimsuudsn T51e91u775
Aamaveevarinarelildgnaivauleslasiuloy usernfeitessviumareds vy
dmrtl, sox9a, amh, wtl, ftz-f1, gata’”? saugeni1svireruvesieuloiuazgesluine
Uazlaseamanimanden 1 samgdl uazUsunaeendiauazated"

lunneund ssuvduiuguasuanhareludae 20 Suusauin dnsiesgveuie
(ondrwsily Wognuarhanedergyszana 20- 25 $u gniaruharedivaueimiuin
nstlovenieadendiosaly AFiﬁm754@?@514?/@@417”@45@@”0‘1%3 Lmzwﬁ'ﬂmf/uﬂauw%’f
lhuvasriignuarimaessiianunsvessiluduaumedesoly

dmsfnwndgatuieulvdloslsyunaduiuoulvsiiAeidosiunsdunsigi
walnsiouuasduginmivuveayalmamelsy wuailuraiidnisdeuainuaumede
ihuauwaghiy dnrsanasvesnisieuveasuleddinats uenvini eamginisiaes
Ua1igands 28 esenvaidea AinadudanisiauveseuladesTsunma vilinasvie
vovsoSluuioalnsiouanas uasnsviuvessesluumalnamalsuingu viliuatmwer
JFmausndu??

DINMITIATOURAYEY MSG donaiuagumalulariarelunisnwi wuir MsG
madudy 0.01% waz 0.19% vilishsausaudaunadaiuduegaisaWymg
a6 UarnSWFIULUAITING I SHUR s AUATITNT TS MSG Tnmaey Wil 17971
Uariildsu MsG lusedugedidnsigdauvannmieniniu o1aidneinnisiniuyes
wWulaioslsunna 199910 8578994797 MSG ﬂmﬁiwg”u aromatase-based reporter
ene® fiausavasuaninate vhliinrsdunsiziealnsounniuuasdueinsineue
malnanelsu dwavhliidodesdlddnuuinisuiniu Tnsiawzeeredeluraeregnou
45 dph Sonlsasiauannadeiumn iy

wonInil &sirearussydaseuresardhnareidudaiy MSG inanndudy
100 pg/ml damiinIsusminavaledsenis laun aladiagu (elongated heart) gﬁaﬁ&/
walauasnl (cardiac sac edema) zgﬂzmémmmja (yolk sac edema) nsegnaunaing
(spinal kyphosis)?® Fimsneaedlupsed snsImssenmgvestaniarelunguii 4 (MSG
0.01%) waznguil 5 (MSG 0.1%) Aoutresudatiisusungui 3 (MSG 0.001%) uazngu
AavAY or19iAneINAITuTYina 247 0819l5AA (uTihdunndy shs1senvesaiin
my?un@'i/mU@mwam75?701#7?14@%717”@'@11777\797"'7 shilidosnnluszesusnyensnaasd
Fuduszerignuarfvuinidnundy dgnvarsmaunimgneenlvanssuulussnined
vhmsaguaiehlungusingra

msinwiluasiinud1 eampdidvewasomswdeutumevesaiiare e
wuImAnguNIsTAseslT NI INAEGIRNARURE Tagiawizaeedengudl 1 (negative
control) TFnauannaggeds 85.2% Fahvutunaiinoineamyiigdlurasiins
yaaed (gnngliadewiiy 29.4 o) wavesgamgineniswdeudumegvesaniaed
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FoandasunIsAaBITes Abozaid, H Tuiln.a. 2011 Fessyindegampiigeiuan
A iumagindu ui pH Tunsidesiivansaulsissason sudeume nIsides
Uarilgampiigandn 28 esmuwaiied SuadudanisviiuveseulafosTsuuma vinlins
vheumessesTuuealasiosnas  uasmsviuvessesTuumalnmmelsuiuiy  vihi
Uaunagddaunnd??  undrintfedeluSosessamoioonly  sxwuTnguilldsy
MSG 0.01% uaz MSG 0.1% Fnsamtanmadennnniingudu 9

wamsnaaedluniaivedsn MG duasensenusieszuuduiuguarsnsIaume
voavarhare Tneduualduribishsraauannedeiuiy
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Association of ABCB1 C3435T Polymorphism with Clinical
Outcome of Risperidone in Thai Patients with Schizophrenia
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Sciences, Chulalongkorn University, Bangkok 10330, Thailand

2Department of Psychiatry and Neurology, Phramongkutklao Hospital, Bangkok
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Abstract

P- glycoprotein (P-gp) is found in the blood- brain barrier and plays an
important role in preventing diffusion of drugs into the brain. It is still controversial
as to whether the presence of ABCB1C3435T polymorphism has an impact on the
efficacy of risperidone treatment. Therefore, the purpose of this study was to
investigate the association between ABCB1C3435T and clinical treatment outcome
of risperidone assessed by PANSS scores. This observational prospective study was
conducted in 50 schizophrenic patients receiving risperidone monotherapy at
Phramongkutklao Hospital. Clinical data and blood samples of the patients were
collected. Genomic DNA was genotyped for ABCB1C3435Tvariant. The association

between ABCB1 C3435T variant and risperidone clinical outcome as PANSS scores
after two-week treatment was determined using independent sample Student's t-test.

The genotype results showed that 18 patients had CC genotype, 25 patients had
CTgenotype and 7 patients had TT genotype.The genotype distribution was in Hardy-

Weinberg equilibrium. The association study showed that ABCB1C3435T was
associated with clinical improvement of patients with schizophrenia.Patients with CT

or TT genotype showed a significant greater percentage improvement of positive
subscale PANSS scores than those with CC genotypep-=0.031).

Keywords:risperidone, ABCB1C3435T, p-glycoprotein,schizophrenia,
pharmacogenomics
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AUFINUSVRINDANaNYNVEY ABCBL C3435T nan19ndiinvad
Risperidone TugiUae Schizophrenia

Fsatie lasgassas’, ngaiesh widunssuaaug’ aigwa lualuns? atan Sauguned
2, ol 590f3", wiiaa Aaaunledu’

eIy nndvIne uarasTIMe) AMKNGYAIANT IHIAINTANNIINEIAE NFUNI 10330
*nevdnivuazUsea1ming) 1sang1uIansyaNnginal AFunne 10400

UNANEa

P-¢lycoprotein (P-gp) wulglu blood-brain barrier uazdunvinaraglunis
Unilosauesainnsunssnuvesetdaludidoasuiivaiouiimsiinydaugiu ABCBIC3435T
Tuasiovussansnmlunsshwdagensamesiauniels nsfnwiddeiiingussasdiiion)
AWAIUS5ENT19 ABCBIC3435T Aunanissnyimnainvassameslaudesudulay
PANSS scores msiinwiifumsisendedunmuuuludrmihlugtaelsndnmmso 519910
Isanenuanszaanginandalasusmmesiauiueuderdmsusnmeimsinnm udeys
nndinuaziodadonvesithe Sludadouezgniluilulydiloneauiuudsyes
ABCBIC3435T finw1m1A1Iuausius se1119 ABCBIC3435T AUNANITINYIY89e713aineT
Inuvasn13snw 2 dUn1vidouanslng PANSS scores #agaia Student’s t-test 99973
Freeiiudaszaindu nansinwalulndnuiigihe 18 s1edslulniuvy cC u
wyy CT 99191 25 918 uazithuuuy TT97u91 7 598 lngnuiinsnsyargveedlulnidey
luauga Hardy-Weinberg n15An®1AIUAURUS 4oz WU ABCB1C3435T dRaIuduius
AusanssnynenainvesthednamlnegrenguidalulnluuuCTyse TT dnrsanas
YRkl PANSS Tuniinainisaivuananiusegasainnimngu CCogndhioaingni
afé (o= 0.031)

AaAey: Sanedlay, loUTTTC3435T, Wlnalalusiy, lsadany, wavivgmans
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Introduction

Schizophrenia is a mental illness characterized by hallucinations, delusions,
disorganized speech, grossly disorganized behavior and negative symptoms.It is

affected approximately one percent of the populationd). The etiology of
schizophreniaremains unclear. It is hypothesized that the alterations of dopaminergic

neurotransmission together with genetic vulnerability and stressful environment can
lead to a disorder of thought, emotion, perception, and behaviors of schizophrenic
patients.

Pharmacological management is the main approach in the treatment of
schizophrenia. Two major groups of drugs used in schizophrenia are typical

antipsychotics and atypical antipsychotics. Risperidone, an atypical antipsychotic,

has been increasing used because of its higher efficacy and lower incidence of
extrapyramidal side effects than typical antipsychotics). In Thailand, risperidone is

included in the National List of Essential Medicine 2004.

Risperidone has been shown to be a good substrate of P-glycoprotein (P-gp), a
member of ATP-binding cassette (ABC) transporters(3). P-gp is an efflux transporter
found abundantly in various tissue, e.g. epithelial tissue of the small and large

intestines, biliary canaliculi of the hepatocyte, biliary ductules and proximal tubules
of the kidneys 4. It is also found in capillaries of the blood-brain barrier and plays a

role in limiting access of its substrates to the brain (5.

P-gp is encoded by ABCB1 gene which is highly polymorphic. Many single
nucleotide polymorphisms (SNPs) have been found along the gene, from promoter to
exon and intron (6). The frequencies of genetic variants differ in each ethnicity of
population. A study of Hoffmeyer et al. reported that a synonymous SNP, ABCB1
C3435T, was related to P-gp expression in the small intestine. According to the study,
the TT genotype had two times lower P-gp expression in the small intestine than the
CC genotype, and associated with a significantly higher plasma drug levels ).
Kimchi-Sarfatyet al. suggested that ABCB1 C3435Tmight affect the specificity of P-
gp to the substrate(7) leading to a number of subsequent studies to find out its impact
on blood level of drug. However, the impact of ABCB1 C3435T on the efficacy of
drug treatment is still debatable. Retrospectively, Almoguera et al. found that
ABCB1C3435T was associated with increased efficacy of risperidone (8) whereas
Xing et al. found no impact of ABCB1C3435Ton risperidone treatment(9). Therefore,

the aim of this study was to investigate the influence of ABCB1C3435T on
risperidone treatment outcomes prospectively.
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Materialsand Methods

Study participants and drug treatment: This study was an observational prospective
study. The participants were patients with schizophrenia, admitting at
Phramongkutklao Hospital during 2015-2016, whose symptoms met the criteria of
the Fourth Edition of Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV)10) and receiving risperidone as antipsychotic monotherapy without using
cytochrome P450 (CYPyinhibitors, P-gp inducers or inhibitors. The daily dose of drug
was adjusted according to responses of each patient.

Clinical Assessment: Demographic data i.e. weight, height, smoking history, and
drinking history was recorded. Baseline clinical data i.e. the Clinical Global
Impressions ScaleCGl) and the Positive and Negative Syndrome Scale (PANSS)
scores were evaluated by psychiatrist at pre-treatment. These scores were
evaluated again two weeks after risperidone treatment.

Treatment outcome assessments include PANSS total and subscale (positive
symptoms and negative symptoms) scores were calculated as the percentage of
improvement as follows:11)

% improvement = (PANSSpaseline-PANSSend)(PANSSpasetine-P ANS Spaseline minimum* 100

Genotyping: Peripheral blood samples were collected from each patient. Genomic
DNA was extracted from leukocyte by using QIAGEN DNA purification kit. ABCB1
C3435T was genotyped by using Tagman®SNP Genotyping Assays.

The study was approved by the institutional review board of The Royal Thai Army
Medical Department (Q012h/58). The written informed consent was obtained from

each participant.

Statistical Analysis:The association of ABCB1 C3435Twith initial efficacy of
risperidone was determined by independent sample Student's t-test, with a statistical
significant at p-value of <0.05.All statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA).

Results

This observational prospective study was conducted on the total of 50
patients with schizophrenia receiving risperidone monotherapy at Phramongkutklao
Hospital during 2015-2016. Fourty six of them were males aged 28.24+9.66 years and

the other four were females aged 4888+15.70 years. The patients received


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiV0daLi8TSAhXJO48KHcBUDhMQFggiMAA&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC2880930%2F&usg=AFQjCNGndNWQcoDRrM73OJXk-jSajeUUQQ&bvm=bv.148747831,d.c2I
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiV0daLi8TSAhXJO48KHcBUDhMQFggiMAA&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC2880930%2F&usg=AFQjCNGndNWQcoDRrM73OJXk-jSajeUUQQ&bvm=bv.148747831,d.c2I
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5.06x1.41mg of risperidone per day and stayed in the hospital for 38.64+16.77 days.
Demographic and clinical characteristics of the patients are shown in Table 1.

Table 1 Demographic and clinical characteristics of all patients enrolled in the study

Clinical and demographic data

+mean+SDyrange

Number of patients
Gender
Male
Female
Age years-
Body weight-
Height-
BMI-
Duration of illnessyears)-

Dosage of risperidone 2 weeks treatment-

Hospital stayday)-
Education
Primary school
High school
College

Smokers
Never
Sometimes
Often
Schizophrenia
Paranoid
Disorganized
Undifferentiated
Unspecified

N-50

46 9200

4 800

29.89+1152 1992.63.00,
63.51+979 4650-92.30,
168.11+7.53 148.00-184.00,
2261+415 15904214,
3.77£6.21 0043000,
506+141 200-8.00
38.64+16.7716.00-79.00,

8 16.00v
34 68.00-)
8 16.00v

17 34.00
36.00v
30 60.00%

25 5000
1200
2 400
22 4400

In terms of clinical symptoms, initially, patients had average PANSS total
score of 94.24+2125PANSS total score was decreased to 65.32+21.19 after two

weeks of risperidone treatment, or having improvement of 30.55+15.16%. Initial
positive subscale PANSS score of the patients was 26.14+7.23 and was reduced to
16.6+£5.72 after two weeks of the treatment, or improvement of 34.28+215« .In
addition, baseline negative subscale PANSS score of the patients (23.58+6.77) was
also reduced to 16.54+6.09 after two weeks of the treatment, or an improvement of
2857+19.78+. The differences of the scores before and after risperidone treatment

were statistical significant, as shown in Table 2.
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Table 2 Clinical improvement presented by PANSS total and PANSS subscale in all
patients

Variables Mean+SD p-value
PANSS Positive

Baseline PANSS score 26.14+7.23

2 week PANSS score 16.6+£5.72 <0001
Percentage of change in PANSS Positive score 342842157

PANSS Negative

Baseline PANSS score 23584677

2 week PANSS score 16.54+6.09 <0001
Percentage of change in PANSS Negative score 2857+19.78

PANSS Total

Baseline PANSS score 942442125

2 week PANSS score 65.32+£21.19 <0.001
Percentage of change in PANSS Total score 30.55+15.16

p-value were determined by Student's t-test

In terms of prevalence of ABCB1 C3435T, the distribution of the ABCB1
C3435T was consistent with Hardy-Weinberg equilibrium > 0.05). The variant

allele frequency (T allele) was 39%.(Table 3).

Table 3 ABCB1 C3435Tgenotype distribution and allele frequencies in all patients

Hardy-Weinberg

Genotype N%) Allele Frequency ) equilibrium pvalue
ABCB1 C3435T
cc 18 36.0 C-61 610 0.7191
CT 25 (60.0) T=39 (39.0)
TT 7140

To determine the association of ABCB1C3435T with risperidone treatment
outcome, PANSS total and subscale (positive symptoms and negative symptoms)
scores were compared between patients who carry CC genotype and those carrying
variant allele CT or TT genotypes). The result showed that after receiving risperidone
for two weeks, the patients in the C3435T variant group had significant greater
percentage improvement of positive subscale PANSS score than the homozygous
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wild type group (p =0.031). However, no significant association was seen for negative

subscale PANSS and PANSS total scores.(Table 4).

Table4.The association of ABCB1C3435T genotype on PANSS total and PANSS
subscale scores.

% improvement in

Baseline PANSS score PANSS score
Variables Mean+SD p-value Mean+SD p-value

PANSS Positive

ccC 24.89+6.38 25.60+25.56

CT-TT 26.84+7.68 0.364 39.16+17.57 0031
PANSS Negative

ccC 23501627 26.12+20.63

CT-TT 2363+7.14 0951 29.94+19.49 0518
PANSS Total

ccC 9261+18.47 27.13+15.00

CT-TT 95.16+22.89 0.689 3248+15.13 0235

p-value were determined by Student’s t-test

Discussion

As an atypical antipsychotic, risperidone antagonizes dopamine D2 receptor
and 5-HT2a receptors in the mesolimbic and mesocortical dopaminergic pathway of
the brain leading to antipsychotic action12). Risperidone has high volume of
distribution and it can distribute to the brain by lipid diffusion13, 14). However,
risperidone and its active metabolite can be effluxed by P-gp as the protection
mechanism against toxic xenobiotic(15.

The present study showed the association between ABCB1C3435Tvariant
with greater improvement in positive subscale PANSS scores after risperidone
treatment. Positive subscale PANSS scores of the patients with CT or TT genotype

was decreased in a greater extent than that of the homozygous wild type. Previously,
ABCB1C3435T variant has been shown to impact risperidone blood level16). In
addition, risperidone blood level correlated with dopamine D2/D3 receptor
occupancy in the striatum(17). Thus, the present study support those findings that

patients with ABCB1 CT or TT genotypes may be associated with increased level of
risperidone in blood or brain and subsequently increased response to risperidone as
shown by the greater improvement of positive subscale PANSS scores.

While Almoguera et al. (8) reported the association between CT-TT
C3435Tvariant with total PANSS scores, no significant association between
ABCB1C3435Twith total PANSS scores was observed in this study. Duration of

treatment might affect total PANSS scores. Almoguera et al. (8) evaluated PANSS
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scores at baseline and discharge while this study monitored PANSS scores at
baseline and 2-week after treatment, thus, only improvement of positive subscale

PANSS scores was observed in this study. Risperidone has high dopamine D
receptor occupancy compared to other atypical antipsychotics (18which might lead
to the higher efficacy in the treatment of positive symptoms. Moreover, meta-analysis
study revealed the significant reduction of total and positive subscale PANSS scores
but not negative subscale PANSS scores at 6-week after risperidone treatment (19).

This might explains the lack of risperidone effect in negative subscale PANSS score
evaluated 2-week after treatment.

In contrast to this study, previous retrospective study by Xing et al. showed
no association between C3435Tvariant and risperidone treatment(9). Dose adjustment

and additive treatment usually occurred in retrospective study, therefore, the impact
of genetic factors could be masked. On the other hand, the present study performed

prospectively with monotherapy of risperidone. The clinical outcomes practically
evaluate at 2-week after treatment to determine dose adjustment. Thus, the clinical
outcome observed in this study certainly represent the effect of risperidone.

Conclusion

The present study demonstrated the association ofABCB1C3435Tvariant
with greater effect in positive subscale PANSS scores in Thai patients with
schizophrenia. Our findings suggest that the variant of ABCB1might influence the
response to risperidone treatment and support the theory that P-gp had impact on the
efficacy of antipsychotic drug treatment. Further studies are needed, together with
meta-analysis to create knowledge for using genetic marker as a decision tool for
treating patients in the future.
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Abstract

Phenytoin (PHT) is one of the most cost-effective antiepileptic drugs and also
the common cause of severe cutaneous adverse drug reactions (SCARS). The Previous

studies showed that doses of phenytoin had an effect on drug levels and high serum
phenytoin levels appeared to be a risk factor for drug-induced skin reactions. Thus,

this study aimed to investigate the association between doses of phenytoin and
phenotype specific PHT-induced SCARs in Thai patients. Thirty-six PHT-induced

SCARs cases (15 SJS and 21 DRESS/DHS) and 100 PHT-tolerant controls were
studied. The associations of loading and maintenance doses of phenytoin with
SCARSs were tested. The results showed that means of phenytoin maintenance doses
based on body weight in the SCARs cases (mean = SD, 545 + 128 mgkgday),
specifically DRESS/DHS (5.71 + 1.26 mg/kg/day) were significantly higher than that
in the tolerant controls (4.64 + 1.36 mg/kg/day) (p=0.002and 0.001, respectively). Using
phenytoin maintenance dose higher than 5 mg/kgday was associated with PHT-
induced SCARs and DRESS/DHS p = 0.032, OR =238 and p =0.007, OR =426,
respectively). However, there was no association between dose of phenytoin and
PHT-induced SJS. In conclusion, the association between maintenance dose of

Address correspondence and reprint request to: PornpimolKijsanayotin, Department of
Pharmacology and Physiology, Faculty of Pharmaceutical Sciences, Chulalongkorn University,
Bangkok, Thailand. E-mail address: pornpimol.k@chulaac.th.
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phenytoin and PHT-induced SCARs was first observed in this study. Using the higher
maintenance dose of phenytoin per body weight might increase the risk of PHT-
induced SCARs, especially DRESS.

Keywords:Phenytoin, SCARs, DRESS/DHS, SJS, Dose, Non-genetic factor



186

ANNFUNUSIERINvIRgLHiinagaildaluauaInIsiuNIsinaINIsLaing
UszasaneiavisviinguuselugUaevialne

a }73 0‘1 s 2.3 a o’q' 6'4 a A o 6‘5
nOAN1 uduweud', sasmsguineu®’ ytunsauaed’ lesutuadyd®,
WMaANIALANAALS, Avrgndnmuiwanl’, wsiuanagaulesu!

\mpTvnndvIngusyasTIme) AnsnaYAIanT PIaINsalunIINede

@ IvIMEIFINEINAIN NIATYINGITING) AUNNEMIANTISINGI1UIATINITUA
1VIINEINELTAA

2 WeNUURN SN TRUGAITNTUAZN TSNS UINIZYARS AUENITUNNETUAIN TN
159Me71U71857275U7

@Y IV NN UGANEIT NIAIYI N TANTH S ALUINEAANTAS T ITNE T IAN T INE IAEINTAD
“mbagUsza1IneINedeIynIIal LSWeIUIANTEUINING)
“uelsAnIINEINIAIVINUITVIVAIANT AAZUNNEIANT DWIAINTAIUNTINEIAE
"arrivilsagiu Suyluineuazlsade 2nTvelsmanT ALUNNEAIARSISINE U1
TWNIBUANNTINE1EITAA

UNANED

winees (ueriusnidyssansninuasdnusuamuduy s ansnaus
vauziigasufiundaluaunguanvesnisiineinisluieysyasmisianilaridn guuse
msAnwneumiduansiuTrvumeuninesdilasuinade sedvenludoauasnisi
sedveinessludongierneuduilaseidesadrmileveinisiiaiuwivuniness
Ffulunsinwnidsedingussasdiiiofnymausuniusse g unineesildsuy
nsiineImsluileuszasanieiamisida guusaluunas suuuuaing unideeslugUaey
Ine InedgielunguitiineInisiuieyssasmeiomisainguusioing unineesvIuam
36 Ay (JugiAniurin SIS 15 Au uasiuailn DRESS/DHS 21 AY) uasethenguaiuns
Falsiuiouninessd1uan 100 Ay ¥In15ANIAIINSUNUSTEHINYUIRE AN NS
uduuazyuInewinessiltaiuaueInIsaunsiine msliielsyasanisiamisain
TULTI 9INMSANYINUTITUIRE eI vese U TnesdldnIuaueInIsTungy
§iheiinensiuiassaanieiambsaiinguuss (5.45 + 1.28 un./an./5u) lnskanis
nguillAnihuyiln DRESS/DHS (5.71 + 1.26 un./nn./Su)liAnadegeninlunguaivau (4.64
+ 1.36 un./nn./T)eeeiidea1agn9ani (p = 0.002 uag 0.001 AINEINUMASWYIINTT
Iy uninessvuingsndy 5 un./an./su lumsshwiienaugueinisdeamauniiusiums
Af‘ma7f77521/7/’7’01]53&7@‘147@;’73%12’@%1?@guumagnmﬁﬂﬁwﬁﬁ) DRESS/DHS(p = 0.032, OR =



187

2.38 Uagp= 0.007, OR = 4.26 mmarsuuaee9lsinmlununauaimiis sy i9yuing i
IneedilsiunimAaiurin SIS nsnwiitunisinyiusniluanadiifuaiudiumig

¥MI9IUINEUNTNeEATITAIUANEINITAUNISIANEINIS s s aeAn19Ramlsyila
suusen e Ineed lngwuirmuineseihmindvesenineesiigedulunissnyite
AIUANEINITEITINAIAL SO T AR s T TSI need Tneamiznisiin
fhuwile DRESS/DHS

Aandey:e unidnees], oIn7slaitauszasan1dImlyilnguuss, DRESS/DHS, Auviln SIS,
YNNI



188

Introduction

Phenytoin (PHT) is not only a widely used antiepileptic drug for seizure
control and prevention but also a common cause of severe cutaneous adverse drug
reactions (SCARs), including drug rash with eosinophilia and systemic symptoms

(DRESS), drug hypersensitivity syndrome (DHS), Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN).}3The incidences of SCARs due to phenytoin
were ranging from 0.2 to 2.4 per 1,000 users, depending on types of rash and ethnic
groups.*® In Thailand, according to the data from a cumulative spontaneous reports

of adverse drug reactions between 1984 and 2014, phenytoin was reported as the
number one of drug causing DRESS/DHS (233 cases) and a top five of drug causing

SJS/TEN (1,104 cases).’ Accordingly, PHT-induced SCARs is an important problem
in medical treatment.

Several factors associated with drug eruptions were studied. In addition to
immunologic risk factors such as HLA alleles, the influential effects of doses on drug-
induced cutaneous adverse reactions have been investigated. For lamotrigine, the

starting doses and titration rates were possibly related to the incidence of serious
rash.®® Moreover, high starting dose of allopurinol was a risk factor for allopurinol

hypersensitivity syndrome 0 11

For phenytoin, in 1978 and 1984, the evidences suggested that high serum
phenytoin levels were associated with the occurrences of PHT-induced skin

reactions.!? * Furthermore, a poor-metabolizing variant, CYP2C9+3, was recently
reported as a significant risk factor for PHT-induced SCARs in many Asian
countries, including Thailand.* 14 There were prior studies showing that phenytoin
levels were increased in CYP2C9+3 carriers and would be risen depending on doses
of phenytoin administered.>!” Based on the evidences mentioned above, it is

possible that factors affecting drug metabolisms or phenytoin levels, such as doses,
may be associated with PHT-induced SCARs** *Consequently, this study aimed to

investigate the association between doses of phenytoin and phenotype specific PHT-
induced SCARs in Thai patients.

Materials and Methods

Cases and controls

This study recruited patients from three medical school hospitals in Bangkok,
Thailand, including Siriraj hospital, Ramathibodi hospital and Phramongkutklao
hospital. Thai adult patients with phenytoin use found in medical records between

January 2008 and June 2015 were eligible. Thirty-six patients who developed
SJS/TEN or DRESS/DHS from phenytoin within 3 months after phenytoin exposure
were defined as SCARs cases. One hundred patients without any cutaneous adverse
reactions and had taken phenytoin for at least 3 months were defined as PHT-tolerant
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controls. The participants: demographic data, clinical manifestation of ADR, drug
level, and dosage of phenytoin used were reviewed from their medical records.

Phenytoin has been identified as the principle cause of skin lesions in all 36
patient cases according to Naranjo algorithm.® All SCARs cases were further

confirmed by the same dermatologist using consensus diagnostic and phenotyping
criteria. Based on Roujeau criteria,’® SJS and TEN were characterized as rapidly

developing dusky purpuric macules, atypical target- like lesions or blisters
accompanied by mucosal involvement with skin detachment. Distinct cases of SJS,
SJS-TEN overlap, and TEN were differentiated based on the extent of skin area
detachment ranging from less than 10« of the body surface area (BSA), 10 to 30%
BSA, and greater than 30% BSA, respectively.’® DRESS and DHS were assessed

using RegiSCAR criteria which consisted of acute skin rash together with the
involvement of at least one internal organ (e. g., hepatitis and nephritis) ,

lymphadenopathy, hematologic abnormality (e. g., eosinophilia, and atypical
lymphocytosis) and fever,?° or according to the triad of fever, rash and internal organ
involvement?®

This study was approved by the institutional review board of each hospital,
specifically, Siriraj Institutional Review Board (4712557 EC1), Ethics Committee of

the Faculty of Medicine, Ramathibodi Hospital (ID 05-58-17) and Institutional
Review Board of The Royal Thai Army Medical Department (Q017h/57). The written
informed consent was obtained from each participant.

Statistical analysis
The normally distributed data were presented as mean + standard deviation
(SD) and analyzed using Student's t-tests. For data that were not normally distributed

were presented as median value with range, and were analyzed using Mann-Whitney
U tests. Normal distributions of continuous data were examined using Kolmogorov-
Smirnov test or Shapiro-Wilk test. Proportion data were compared using Fisher's
exact tests. Odds ratio (OR) with 95% confidence interval (Cly were reported. For a
zero in any cells of a contingency table, Haldane's modification, adding 0.5 to all
cells of a 2 x 2 table, was applied to estimate the odds ratio (OR).?*All statistical
analyses were performed using IBM SPSS Statistics for Windows, Version 22.0
(IBM Corp., Armonk, NY, USA). Two-tailed p-value < 0.05 was considered
statistically significant. The figures were plotted using GraphPad Prism version 7.02
for Windows (GraphPad Software, San Diego, CA, USA.
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Table 1.Demographic data of PHT-induced SCARs cases and PHT-tolerant controls

Cases of PHT-induced SCARs
TotalSCA

PHT-Tolerant

Characteristics SIS DRESS/DHS Rs Controls p-value
n=15) n=21) (N=36) -100
Gender, No.%)
Female 9 60.0 13619 22 611 64 64.0) 0.8413P
Male 6 40.0) 8381 14 (389 36 36.0)
Age, years
Mean + SD 579 +127 492 +£190 529 +170 490123 0.218%¢
PHT exposure, days
Duration, Median (Range) 26 (7-65) 25 @8-51) 26 (7-65) 1008 (91-8972)  <0.00124
Onset of ADR, Median (Rangey 21 (7-61) 23 (8-48) 22 (7-61)

2 PHT-induced SCARSs cases and PHT-tolerant controls were compared
bp-value were calculated by Fishers exact test (two-tailed)

p-value were calculated by Student’s t-test

9p-value were calculated by Mann-Whitney U test

Table 2.Total dose of phenytoin in PHT-induced SCARs cases and PHT-tolerant
controls

Total dose of PHT

Groups or subgroups n

Median Minimum Maximum p-value*?
Loading dose mg)

SCARs 20 750 500 1,000 0677
SJS 6 750 500 800 0324
DRESS/DHS 14 750 700 1,000 0.905

Tolerant control 34 750 500 1,250

Maintenance dose (mgday)

SCARs 36 300 200 300 0.666
SJS 15 300 200 300 0915
DRESS/DHS 21 300 200 300 0619

Tolerant control 100 300 100 400

2 Median dose of PHT in PHT-induced SCARs, SJS or DRESS/DHS cases were compared with PHT-tolerant controls
bp-value were calculated by Mann-Whitney U test
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Table 3. Associations between doses of phenytoin based on body weight and PHT-

induced SCARs
Dose of PHT Groups or subgroups Positive
ici ab N
based on BW (Participant number; n par:tICI(r:a:nts p-value OR 95%Ch
Loading dose
> 15 mg/kg
SCARs (20) 8 400 0.552 160 (050510
SIS 6 0 o 0.307 018 (0.01-348
DRESS/DHS (14 8 &71 0.103 320 (0.88-1163)
Tolerant control 34) 10 294
> 20 mg/kg
SCARs (20) 2 100 0.548 367 (0314327
SJS 6) 0 O 1.000 172  (0.06-47.00)
DRESS/DHS (14 2 143 0.200 550 (046-66.32)
Tolerant control (34) 1 @29
Maintenance dose
> 5 mg/kgday
SCARs (36 21 (583 0.032+ 238 (110519
SJS (15) 6 400 1.000 114 (037344
DRESS/DHS 21) 15 (714 0.007+ 426 (1521193
Tolerant control (100) 37 370
> 7 mg/kgday
SCARs (36) 5 139 0.014+ 790 (1464278
SJS (15) 2 133 0.082 754 (0985818
DRESS/DHS 21) 3 143 0.036+ 817 (1275238
Tolerant control (100) 2 20
2 PHT-induced SCARSs, SJS or DRESS/DHS cases were compared with PHT-tolerant controls
bp-value were calculated by Fishers exact test (two-tailed)
« Significant difference at p-value < 0.05
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Figure 1. Scatter dot plots of loading dose of phenytoin based on body weight.

Each group of (A) PHT-induced SCARSs, (B)PHT-induced SJS, and (C)
PHT-induced DRESS/DHS was compared with PHT-tolerant controls.
The horizontal lines refer to mean loading doses of phenytoin. p-value
were calculated by Student's t-test. Significant difference at p-value <

0.05.
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Figure 2. Scatter dot plots of maintenance dose of phenytoin based on body

weight. Each group of (A) PHT-induced SCARs, (B)PHT-induced SJS,
and (C) PHT-induced DRESS/DHS was compared with PHT-tolerant
controls. The horizontal lines refer to mean maintenance doses of
phenytoin. p-value were calculated by Student's t-test. = Significant
difference at p-value < 0.05.
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Figure 3. Percentage of patients who developed ( A) SCARs and ( B)
DRESS/DHS from phenytoin in each range of phenytoin maintenance
dose based on body weight (BW).
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Figure 4. Correlation between serum phenytoin level and phenytoin

maintenance dose based on body weight (BW).r refer to Pearson
correlation coefficient == Correlation is significant at the <0.001 level
(two-tailed).

Results

Demographic data ofpatients
The demographic data of 36 PHT- induced SCARs (15 SJS and 21

DRESS/DHS)and 100 PHT-tolerant controls are summarized in Table 1. There were
no differences in gender and age between SCARs cases and tolerant controls (p =
0.841 and 0.218, respectively). The median onset of PHT-induced SCARs was 22
days.

Association between loading dose of phenytoin and PHT-induced SCARs

The data of phenytoin loading doses were available in 20 PHT-induced
SCARs cases and 34 PHT-tolerant controls. The median total loading doses of
phenytoin were 750 mg, equally in all groups. There were no differences between
SCAR, SJS or DRESS/DHS cases and tolerant controls (p = 0.677, 0.324 and 0.905,
respectively) (Table 2).

However, the phenytoin loading dose based on body weight in the SCARSs
cases was significantly higher than that in the tolerant controls (p = 0.042). Their

loading doses were 15.06 + 3.23 (mean + SD) and 12.91 + 3.87 mg/kg, respectively
(Figure 1A). Moreover, in the specific phenotype analysis, an average loading dose
of phenytoin based on body weight in the DRESS/DHS subgroup (16.22 + 3.15
mg/kg) was statistically significant higher than that in the tolerant control group, p =
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0.007) (Figure 1C). In contrast, for SIS subgroup, the phenytoin loading doses per
body weight (12.33 = 1.13 mg/kg) did not significantly differ from that in tolerant
controls (p =0.483) (Figure 1B).

Based on the usual loading dose, the proportions of patients who were started
on phenytoin with a loading dose greater than 15 and 20 mg/kg were found more
frequently in the SCARs cases than in the tolerant controls, specifically in
DRESS/DHS subgroup. However, the statistically significant associations between

higher loading doses of phenytoin and PHT-induced SCARs were not observed
(Table 3).

Association between maintenance dose of phenytoin and PHT-induced SCARs

Although the total daily maintenance dose of phenytoin in the SCARs cases,
including SJS and DRESS,/DHS subgroups, and the tolerant controls were 300

mg/day, equally in all groups (Table 2), the maintenance doses based on their body
weight were different. The maintenance dose of phenytoin per body weight in the

SCAR cases was statistically significant higher than that in the tolerant controls
(mean £ SD, 545 + 1.28 vs 4.64 + 1.36 mgkg/day, p = 0.002) (Figure 2A). A

significantly higher phenytoin maintenance dose was observed in the DRESS/DHS
subgroup (5.71 + 1.26 mg/kg/day), but not in the SJS subgroup (5.10 + 1.25 mg/kg/day),
when those were compared with the tolerant control group (p=0.001 and 0.219,
respectively) (Figure 2B and 2C).

Furthermore, the results showed that using phenytoin maintenance dose
higher than 5 mg/kg/day was associated with PHT-induced SCARs (p = 0.032, OR =

2.38), specifically for DRESS/DHS phenotype (p = 0.007, OR = 4.26) (Table 3). In
addition, the percentages and the risks of developing SCARs and DRESS/DHS were
increased in patients taking a higher maintenance dose of phenytoin (Fig 3A and 3B,
Table 3). The odds ratios of PHT-induced SCARs and DRESS/DHS were increased

to approximately 8 in patients who using phenytoin maintenance dose greater than 7
mg/kgday (Table 3).

Discussion

Phenytoin is an antiepileptic drug with a narrow therapeutic index. The total
serum phenytoin levels in the range of 10-20 pg/ml (1-2 pg/ml of unbound phenytoin)
are associated with achieving therapeutic effects without toxicity. 2> 3The

recommended doses are slightly higher in the younger age groups and initially lower
in the geriatric groups. For adults, the usual maintenance doses of phenytoin are 300-

400 mg day, which may be increased to 600 mg/ day, or approximately 5-7
mg/kg/day.?> ?The loading doses of phenytoin are generally 10-20 mg/kg and as
much as 30 mg/kg in some patients.?*> % Based on usual dose per body weight, while
almost all PHT-tolerant controls received phenytoin within the recommended dose
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range, about 10-14v of patients with SCARs got the higher doses (loading doses > 20
mg/kg or maintenance doses > 7 mg/kg/day).

The signs and symptoms such as ataxia, nystagmus, slurred speech, nausea,
vomiting, and drowsiness are already known adverse effects of phenytoin, which
are related to doses and drug concentrations.? 26 In addition to those side effects, this

study showed that allergic reactions to phenytoin such as SCARs and DRESS/DHS
were associated with daily phenytoin maintenance doses based on body weight.
Moreover, we found that the risks of PHT-induced SCARs, especially DRESS/DHS,
were increased when the higher maintenance doses of phenytoin were used.
According to this finding, it is likely that that developing SCARs and DRESS/DHS
from phenytoin could possibly be related to the higher drug levels. This suggestion is

supported by the significant correlation between serum phenytoin levels and daily
phenytoin maintenance doses per body weight (Figure 4). An increased daily dose of

phenytoin resulted in a rise of serum phenytoin levels.In addition, our results are in
line with the previous finding that CYP2C9+3 variant was an associated risk factor
of PHT-induced SCARs. * * It may suggest that the influence of using a higher
maintenance dose of phenytoin may be similar to the effect of a poor-metabolizing
variant, CYP2C9+3, on serum phenytoin levels. ' 7 However, there was no
association between the higher loading doses of phenytoin and PHT-induced SCARs.

This could possibly be resulted from the phenytoin loading dose had been
discontinued and changed to the maintenance dose before the time to steady state
level of phenytoin.

For further studies, the associations between doses of phenytoin and PHT-

induced SCARs, including the correlation of serum phenytoin levels, should be
confirmed in other populations. The studies may be extended to minor reactions, such

as PHT-induced maculopapular eruptions (MPE). The associations of PHT-induced
SCARs with other non-genetic factors thatpossibly affect phenytoin levels, such as
renal functions, liver functions, and drug interactions, should also be investigated.

Conclusion

The association between maintenance dose of phenytoin and PHT-induced
SCARs was first observed in this study. Using the higher maintenance dose of
phenytoin per body weight might increase the risk of PHT-induced SCARs,
especially DRESS.
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Abstract

Amantadine, an anti-influenza drug, has also been used as the alternative treatment of
Parkinson's disease. The common side effects of amantadine are nausea, dizziness and
confusion. Rimantadine is a derivative of amantadine with comparable efficacy and
effectiveness on influenza to amantadine but less side effects on the central nervous system.
However, the use of rimantadine in Parkinson's disease is limited only in case reports.
Amantadine and its derivatives have anti-proliferative effects on lymphocytes; therefore, the
side effects on the central nervous system of amantadine and rimantadine could be caused by
their cytoxicity to neurons and astrocytes. This study aimed to compare cytotoxicity of
amantadine hydrochloride and rimantadine hydrochloride on cultured human astrocytes and
neurons. Cytotoxicity of A172 human astrocytomaand CHP-212 human neuronal cell lines was

assessed using MTT assays. Amantadine and rimantadine decreased viability of human
astrocytes and neurons in a dose-dependent manner at 24 and 48 hours. The median toxic
concentrations (T Cso of amantadine and rimantadine on A172 were 140.7+1.2 uM and 62.9+12
uM, respectively; while TCso values on CHP-212 were 325716 uM and 982+1.1 uM,
respectively. The present study demonstrates that rimantadine is more toxic than amantadine

on human astrocytes and human neurons, indicating that the use of rimantadine for
neurodegenerative treatment may be limited due to its cytotoxic effect. The mechanisms

underlying cytotoxicity of rimantadine will be further investigated.

Keywords: Amantadine, rimantadine, cytotoxicity, astrocyte, neuron
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Abstract

Multidrug resistance malaria is a global health problem worldwide particularly in
Thailand. The developement of novel antimalarial drugs are urgently needed. The aim of the

present study was to investigate antimalarial activity and time dependent action of the crude
ethanolic extracts of Atractylodes lancea (Thunb.) DC. rhizome against 3D7 Plasmodium

falciparum. Antimalarial activities were evaluated using fluorescent-based assay. The ICso value
(concentration that inhibits malaria parasite growth by 50%) was evaluated using Calcusyn
software. The synchronized parasites in ring stage were exposed to Atractylodes lancea (Thunb,)
DC.extract at various concentrations, i.e, 0.78, 1.56, 3.13, 6.25, 125, 25, 50 and 100 pg/mL for
3,6, 12,24, and 48 h (37°C). The 200 uM of dihydro-artemisinin was used as positive control.
Cultures were washed out and incubated with complete media until 48 h. The ICso of
Atractylodes lancea (Thunb.) DC. was 20 pug/mL. The antimalarial action started at 12 h after
exposure. There was no difference in 1Cso values following the 24- and 48-h exposure. In
conclusion, the ethanolic extract of Atractylodes lancea ( Thunb.) DC. exhibited moderate
antimalarial activity (ICso value ranging from 11 to <26 pg/mL was classified as moderate
activity), on the trophozoite stage @t 12 h.

Keywords: Atractylodes lancea Thunb, DC,, antimalarial, Plasmodium falciparum
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Abstract

Endothelium- derived hyperpolarizing factors (EDHFs) are the main vasodilatory
mediators of resistance which are important in regulating blood pressure. EDHFs have been
suggested to compensate for impaired nitric oxide (NO) release in patients with essential
hypertension. This study aimed to determine the antihypertensive effect of aqueous extract of
Moringa oleifera leaves ( MOE) and its effect on EDHF- mediated vasorelaxation in
hypertensive rats induced by N®-Nitro-L-arginine methyl ester hydrochloride (L-NAME). Male
Wistar rats were administrated with L-NAME (50 mg/kg/day) in drinking water for 3 weeks.

Acute hypotensive activity of MOE was tested in anesthetized rats by means of intravenous
injection of the extract, and the changes in arterial pressure were measured via femoral artery
catheterization. The results showed that MOE (0.1-3 mg/kg) caused a dose-dependent reduction

in mean arterial blood pressure (7.13+£0.47-29.76+1.86%)with no significant change in heart rate.
The vaso-relaxant activity of MOE was investigated in resistance arteries using perfused
isolated mesenteric arterial beds. The injection of MOE (0.001-0.3 mg in 0.1 ml injection
volume) into the perfusate caused a concentration-dependent relaxation with a maximum
relaxation of 75.57+1.76% achieved at 0.3 mg which was abolished by endothelium denudation
(15.36£1.00%, max. relaxation). The inhibition of NO, PGI. and H>S productions did not affect
the MOE induced endothelium- dependent relaxation (84. 76£3. 35% , max. relaxation) .
Interestingly, this persisting relaxation was significantly inhibited by calcium- activated
potassium channel blocker (5 mM tetraethylammonium), myoendothelial gap junction inhibitor
(10 uM 18a-glycyrrhetinic acidy, and high potassium medium (45 mM KCI) with a maximum
relaxation of 68.28+1.83, 32.78+1.07, and only 17.90+1 64+, respectively. These findings
demonstrate that the endothelium-dependent vasorelaxation in response to MOE may be
mediated via EDHF release. Thus, we conclude that MOE has antihypertensive effect possibly
by inducing of EDHF mediated vasorelaxation.
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Abstract

Overexpression of 5-lipoxygenase (5-LOX) and cysteinyl leukotriene receptors is
associated with various types of cancers, including astrocytoma. A recent epidemiology

indicates the use of cysteinyl leukotriene receptor antagonists lower the risk of cancers in
asthma patients. Inhibition of the 5-LOX pathway partially suppresses proliferation of human

glioma cell lines. This study aimed to investigate the growth inhibition and cytotoxic effects of
montelukast and zafirlukast in A172 human glioblastoma cells using flow cytometry. Cell

proliferation and apoptosis were determined by comparing carboxyfluorescein diacetate
succinimidyl ester (CFSE) fluorescent decay and annexin V-FITC,7-AAD staining assays. Daily

treatment with 20 uM zafirlukast decreased proliferation at day 3 and 5 while 20 uM
montelukast suppressed proliferation only at day 5. In contrast, montelukast was more toxic

than zafirlukast. At 24 hours post-exposure, annexin V positive cells were 81.3% and 35.0% in
20 uM montelukast and zafirlukast, respectively. These results suggest that montelukast and

zafirlukast potentially suppress tumor growth and induce cell death in human glioblastoma
cells.
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Abstract

Cholangiocarcinoma (CCA, is a cancer that arises from the epithelial cell of the bile
duct both inside and outside the liver. CCA is an important public health problem in several
parts of Southeast Asia, particularly in the northeastern region of Thailand. Plumbagin (5-
hydroxy- 2- methyl- 1,4- naphthoquinone) is a major constituent isolated from the root of
Plumbagoindica Linn. The compound has been shown to exhibit a wide spectrum of
pharmacological activities. The aim of the study was to investigate the cytotoxic and apoptosis
of plumbagin on the CCA cell line CL-6. Based on results of the cytotoxicity test using MTT
assay, the median of 50% inhibitory concentration (ICsp) values of plumbagin and the standard
drug 5-fluorouracil (5-FU) were 22.64 and 1,057.33uM, respectively. The mechanisms of
apoptosis induction were determined by CellEvent~ Caspase-3/7 assay and flow cytometry
(FITC Annexin V Apoptosis Detection Kit). After 24-h exposure, the compound activated
caspase-3/7 and induced apoptosis by the occurrence of 39.84« early apoptotic cells and 59.69%
late apoptotic cells compared with untreated. Plumbagin could be a promising candidate for
further development for treatment of cholangiocarcinoma.
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Abstract

Cholangiocarcinoma (CCA,) is a malignancy of the biliary duct system that almost found
in Thai population living in the North-Eastern region. Treatment of CCA became more difficult
since cancer cells resisted to the commonly used chemotherapeutic drug, 5-fluorouracil (5-FU).
Kaemferia galanga Linn (KG) is a medicinal plant available in Thailand and other tropical
countries. Ethyl- p- methoxycinnamate ( EPMC) isolated from KG extracts has several
pharmacological actions including anti-inflammation and anti-neoplastic. Consequently, the

present study aimed to investigate the anticancer effect of EPMC to CCA using
cholangiocarcinoma cell line (CL-6) by assessment of cytotoxicity, morphologic change, cell

cycle arrest, apoptosis and selectivity to normal cells. The cytotoxicity test in CL-6 using MTT
method revealed EPMC ICso value of 251.8 + 13.0 ug/mL. Cell morphology following 48-h

EPMC exposure showed decreased cell viability related to EPMC concentration by presenting
of cell shrinkage, cell membrane blebbing and lower level of cell adherence. Cell cycle arrest

at G2/M phase and apoptosis in CL-6 cell line exhibited after incubation with 252 ng/mL EPMC
for 48 h.In addition, in vitro determination of primary safety of EPMC found that the selectivity
index (or 1Cso ratio between human fibroblast cells OUMS)and CL-6) of EMPC was 3.6. These

findings indicated that EPMC could be a promising compound to be developed as an anticancer
drug or a supplement for cholangio-carcinoma treatment.
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Abstract

Dengue virus (DENV) infection is a global public health problem. The severity of
disease in the patients with dengue infection correlates with high viral load and excessive
immune activation which creates a cascade of cytokine production, called «cytokine storm-.

Currently, neither a preventive vaccine nor an effective therapeutic agent is available. Thus

inhibition of DENV and cytokine production could be expected to enhance therapeutic effects
for DENV infection. In this study we investigated antiviral and anti-inflammatory activities of o-

mangostin (a- MG) from Garcinia mangostana Linn. against dengue virus infection by
determining its effect on cell infection rate, viral production, and cytokine; chemokine
expression after the cells were infected with dengue virus. Our data demonstrated that a-MG
could effectively inhibit dengue virus infection. Treatment of dengue infected cells with a-MG
significantly reduced cell infection rates and viral release into the culture supernatant.
Furthermore, treatment with a-MG could effectively reduce cytokine (IL-6 and TNF-a) and
chemokine (RANTES, MIP-1p, and IP-10) transcription. Overall, cytokine,chemokine gene
expression was more robustly inhibited by a-MG than antiviral agent, ribavirin, and anti-
inflammatory drug, dexamethasone. o-MG is a promising compound for the development of
direct-acting antivirals against DENV infection. Moreover, it has a potent anti-inflammatory
effect that offers a greater efficiency to combat dengue virus infection.
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Abstract

Tradescantia fluminensis (TF) has been used as an alternative treatment in Thai
traditional medicine for renal failure. However, information on its toxicity and phytochemical
properties has not been investigated. In this study, acute and subacute (repeated dose 28-day)
toxicity in Wistar rats and phytochemical constituents of the crude water soluble extract of T.
fluminensis were evaluated. For acute toxicity, the extract was administered orally at the highest
starting dose level (5,000 mg/kg body weighty and signs of toxicity were observed during the
first 30 minutes, periodically during first 24 hours, and then daily for 14 days. For subacute
toxicity, the extract was given at the daily dose of 1,000 mg/kg body weight for 28 days and
signs of toxicity were observed daily. The phytochemical constituents (phenols, flavonoids,
anthocyanins, triterpenes steroids, alkaloids, anthraquinones, coumarin, saponins, quinone,
tannins, sugar, proteins and amino acid, glycosides, fat and essential oil, and phloroglucinol) of
the extract were determined based on color intensity or precipitate formation. Results showed
that crude water soluble extract of T. fluminensis exhibited no significant sign of toxicity
(physiology and laboratory parameters) and none of the animals died during the observation
period. The major constituents of the extract included phenol, tannins, and saponins. Therefore,
non-clinical toxicity study in rats suggests good tolerability profile of the crude water soluble
extract of T. fluminensis. Further study will be performed to investigate its efficacy in the
treatment of renal failure in the animal model.

Keywords: Tradescantia fluminensis, phytochemical screening, acute toxicity, subacute
toxicity, crude extract
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Abstract

Oxidative stress and free radical reaction in platelet involve in hyperactivity of platelet
and thus contribute to cardiovascular complications. The pomelo (Citrus maxima Merr.) is the
largest citrus fruit that enrich with phenolic compounds and flavonoids such as keamferol and
luteolin. The aim of this study was to investigate the antioxidant activity of pomelo juice and

its methanolic extracts of three cultivars (Thong Dee, Khao Yai and Khao Tang Kwa) on lipid
peroxidation in platelets. Platelets suspension was prepared from rat plasma, washed and
suspended in Tyrode's buffer containing 0.35% BSA. Lipid peroxidation was induced by 20 mM
of 2,211-Azobis2-methylpropionamidine) dihydrochloride (AAPH). Lipid radicals were detected
by a novel profluorescence nitroxide switch probe. Fluorescence intensity, at excitation
wavelength 470 nm and emission wavelength 530 nm, was followed for 90 min. Pomelo juice

and methanolic extract demonstrated the inhibitory effect on AAPH induced lipid radicals in
platelets. The methanolic extract of Thong Dee showed the highest antioxidant effect on platelet

lipid peroxidation. The %inhibition was 78% and 64« when the incubation time was 5 and 30
min, respectively. The pomelo juice exerted the inhibitory effect about 38-43% and 26-29% in
event of incubation time 5 and 30 min, respectively. There was no significant difference among
three cultivars of pomelo juice. The antioxidant activity may relate to phenolic and flavonoid
contents in different pomelo cultivars. Since the formation of lipid radicals relates to platelet

functions, methanolic extract from Thong Dee will be further identified and studied on platelet
functions.
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Abstract

Cholangiocarcinoma (CCA) is an important cancer in the Great Mekong region,
particularly in Thailand. Limitation of treatment option and the lack of effective diagnostic tool
for early detection of CCA are of major concerns for the control of this type of cancer. The aim

of the study was to investigate cytotoxic, apoptotic and inhibitory activities on cell migration
of atractylodin, the active constituent of Atracylodes lancea (Thunb. DC.against CCA cell line

CL-6. MTT assay was used to test cytotoxicity and Real-Time Cell Analyzer Dual purpose: RT-
CA DP system was used to test cell migration. CellEvent~ Caspase-3/7 assay was an assay for
detection caspase-3/7 activity resulting from cell undergone apoptosis. The median ICso
(concentration that inhibits cell growth by 50%) of cytotoxic activity of atractylodin was 39.5
ug/mL. Atractylodin produced inhibitory activity on cell migration inducing cell apoptosis.

Results suggest the potential role of atractylodin for further development as chemotherapeutic
for CCA
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Abstract

Cholangiocarcinoma (CCA) is a progressively fatal form of cancer arising from
malignant transformation of hepatic biliary cholangiocytes. Countries like Thailand, Laos and
Cambodia are known to have high incidents of this cancer. The objective of this study was to

evaluate growth inhibitory activity of atractylodin, a bioactive sesquiterperioid present in
rhizomes of Atractylodes lancea in CCA.-associated cell line (CL-6). Here we determine

cytotoxicity and potential effects of atractylodin on cell cycle arrest of CL-6 cells using
standard MTT assay and flow cytometry respectively. In addition, western blotting was used to
evaluate the effect of atractylodin on STAT 1,3 activation and heme oxygenase-1 production.
The results showed that atractylodin treatment exhibited cytotoxicity with I1Cso of 221.25 *
11.42 uM (mean = SD). Atractylodin proficiently induced apoptosis at 48 h after treatment and
cell cycle arrest of CL-6 cells was observed at G1 phase. Moreover, atractylodin treatment
resulted in suppression of STAT1/3 activation and HO-1 production in CL-6 cells. Taken

together, the results suggest that atractylodin holds therapeutic potentials and demands further
in-depth studies in CCA research.
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Abstract

Cholangiocarcinoma (CCA,) is an important public health problem in several tropical
and subtropical parts of the world, particularly Thailand. Chemotherapy against CCA is largely
ineffective and discovery and development of effective chemotherapeutics is urgently needed.
The objective of the study was to evaluate the anti-CCA potential as well as toxicity of the
crude extract of Kaempferia galanga L. both in vitro and in animal models. The ethanolic
extract of K. galanga L. rhizome and the standard anticancer drug 5-fluorouracil (5-FU) were
evaluated for their cytotoxic activities against CCA cell line (CL-6)using MTT cell proliferation
assay. Acute and subacute toxicity of the extract were evaluated in ICR mice according to the
OECD guidelines and anti-CCA activity was evaluated in CCA-xenografted nude mice. Results
of cytotoxicity test showed moderate activity of the extract with median (range) 50% inhibitory
concentration (ICso) of 64.2 (57.76-72.11), while the 1C50 of 5-FU was 107.1 (103.53-109.64)
pg/mL. Toxicity testing revealed no overt toxicity up to the maximum single oral dose of 5,000
mg/kg body weight and up to daily dose of 1,000 mg/kg body weight for 30 days. In addition,
the extract at the dose level of 1,000 mg/kg body weight given daily for 30 days exhibited
promising anti-CCA activity in CL6-xenografed nude mice as determined by tumor growth
inhibition (TGl and prolongation of survival time. In an effort for further developing an

effective drug option against CCA, further studies should be carried out to investigate this
potential herbal agent.
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Abstract

Cholangiocarcinoma (CCA, is a form of bile duct cancer that has high mortality rate,
particularly in Thailand. B-Eudesmol, a compound isolated from Atractylodes lancea has been
shown to exhibit promising activity against CCA both in vitro and in vivo. The aim of this study
was to further evaluate the mechanisms through which the compound exerts its anti-CCA
activity. The CCA cell lines (CL-6) was exposed to -eudesmol at various concentrations.

Cytotoxicity and apoptosis inducing activity were measured using MTT assay and flow
cytometry, respectively. Western blotting was performed to assess STAT1/3 activation and

heme oxygenase-1 (HO-1) production in CL-6 cells. The results demonstrated that the 1Cso of -
eudesmol against CL-6 was 39.33+1.15 pg/mL (mean+SD) and cell cycle arrest was observed at
the G1 phase. Moreover, p-eudesmol potently induced cell apoptosis at 48 h postexposure.

Inhibition of protein activation of both STAT1 and STAT3 by suppressing the STAT
phosphorylation was observed in a concentration-dependent manner. B-Eudesmol exposure also

inhibited HO-1 expression in CL-6 cells in a time-dependent manner. The results suggest that 3
eudesmol holds therapeutic potentials and demands further in-depth studies in CCA research.

Keywords: [-Eudesmol, Atractylodes lancea, cholangiocarcinoma, cell cycle arrest, cell
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Abstract

Coumarins, natural or synthetic compounds, have been attracting interest due to their
broad spectrum of pharmacological activities including anti- inflammatory, anti- HIV,

antitumor, antioxidant, antimicrobial, antifungal, anti-arrhythmic effects. Large number of
natural products containing oxepine ring, seven- membered oxygen heterocycle, such as

pterulone and heliannuol A show diverse biological and pharmacological activities ranging
from anti-depressant, analgesic, anti-inflammatory, anti-microbial, antioxidant, antitumor to

anti-apoptosis. Coumarins fused with heterocycles have gained increasing attention due to their
potential biological activities. However, few of medium ring oxacycle fused coumarins have
been synthesized. Therefore, the aims of this study were to synthesize oxepin-annulated
coumarins and evaluate their in vitro antiproliferative activity. The required oxepin-annulated

coumarins were synthesized from coumarin precursors through key intermediate diallylated
coumarin derivatives. The in vitro antiproliferative activity of these compounds and its key

intermediates on three cancer cell lines; breast SKBR3), colon (Caco-2)and liver hepatocellular
(HepG2) were determined by MTT assay. The results showed that all 11 coumarin derivatives
caused a dose-dependent reduction in cell viability in all three cancer cell lines after 48-h
incubation. Based on 50% inhibitory concentration (ICso) values, 4-propyl-8,11-dihydro-2H-
oxepinor 2,3- hy chromen- 2- one as the oxepin- annulated coumarin showed highest
antiproliferative activity on all three cancer cell lines; SKBR3  (ICso; 11.18+1.93 [1g/mL),
Caco-2 (ICso; 30.05+0.7111Jg/mL) and HepG2 (ICsp; 15.32+0.3001(Jg/mL). These findings show
that our oxepin-annulated coumarins exert an antiproliferative effect and could be used as a
starting point for development of powerful coumarin anticancer therapies.
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Abstract

Cholangiocarcinoma (CCA\ is the cancer of bile duct that has high incidence and high
mortality rate, particularly in the Northeastern part of Thailand. Atractylodes lancea (Thunb,)
DC. (AL) has been traditionally used as crude extract in different treatment of various diseases
in China, Japan, and Thailand. It contains several bioactive components @atractylodin, B-
eudesmol, hinesol and atractylone) that show the pharmacological activities against CCA.
Therefore, the present study focused on the effect of AL ethanolic extract (ALE), atractylodin
and p-eudesmol on mutagenicity and apoptotic activity by using micronucleus test and JC-1
fluorescence method. CCA cell lines (CL-6 and HUCCT-1) and normal human embryonic
fibroblast cell line OUMS-36T-1F) were used in this experiment. The result showed that ALE,
atractylodin and B-eudesmol increased the number of micronucleus in CL-6 and HUCCT-1 cells
compared with untreated cells but not observed in OUMS-36T-1F cells. In the part of apoptotic
activity, apoptosis inductions by ALE and atractylodin were observed in CL-6, HUCCT-1 and
OUMS-36T-1F cells whereas B-eudesmol-induced apoptosis was found in CL-6 cells only.
These results provided safety data for future development of ALE, atractylodin and 3-eudesmol
as drug candidates for treatment of CCA.
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Abstract

Cholangiocarcinoma (CCA, is the cancer of bile duct with high incidence and mortality
rate especially in the northeastern region of Thailand. Disease diagnosis of early stage as well
as treatment options is unsatisfactory. Standard treatment with conventional chemotherapeutic
drugs is disappointing with low cure rates. The ethanolic extract of Atractylodes lancea (Thunb.)
DC. (AL) has been found that it has cytotoxic activity against cholangiocarcinoma (CCA) cell
lines. The aims of the studies were divided into 4 parts, namely, optimization of extracting

method, large scale production of AL extraction, formulation of AL capsule and
acute/subchronic toxicity evaluation of AL capsules on Wistar rats. To investigate cytotoxic

activity against cholangiocarcinoma (CCA) cell line of the ethanolic extract of 4. lancea (ALE)
obtained from two traditional herbal shops in Nakhon-Pathom (NP) and Bangkok (CP), three
different extraction procedures, namely, maceration, sonication, and heat-reflux were used to
prepare ALE. Cytotoxic activity of the extracts and 5-fluorouracil (standard control) on CCA
cell line (CL-6) and normal human embryonic fibroblast cells (OUMS-36T) was evaluated using
standard MTT assay at the concentration range of 0-250 pgmL. Results showed that the

ethanolic extract of AL obtained from both NP and CP prepared by sonication exhibited the
highest cytotoxic activity against CL-6 cells with IC 5o values (mean+SD) of 26.15+0.48 and

282940.13 pgmL, respectively. The maceration, although not the most efficient method, was
selected for further optimization due to its simplicity, cost-effectiveness, and applicability for
large scale production. The 24-h maceration of AL (obtained from NP)twice, provided the most

suitable condition to prepare the extract with regard to the extraction yield and cytotoxic
activity (9.95% vyield, 1Cso: 33.15+2.50 pg/mL). To produce large scale of AL crude, a 24-h

maceration of 60 kg of ground AL rhizome has been performed using 95« ethanol to be solvent
by the ratiol:5 (wv) twice. Rotatory evaporation and freeze drying have been performed to dry
the ALE. Cytotoxic activity of the large scale ALE against CL-6 cells was demonstrated with
an ICso value of 29.60+2.24 pgmL. To formulate the AL capsule, AL mixture has been mixed
using lactose by the ratio 1:3 (w/w). Sodium lauryl sulfate was chosen to be a surfactant. Lactose
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has been chosen to be a water-soluble filler. Talcum has been chosen to be a glidant. Capsules
No. 00 has been chosen to be filled 0.6016 g of formulated AL powder. From the maximum
recommended starting dose YMRSD (calculation, the MRSD of AL crude extract is 2.14 g

However, for the preliminary clinical trial, 1g of AL capsules will be orally administered to the
subjects. Therefore, nine capsules will be orally administered for 1 g of AL crude. To evaluate

the acute/subchronic toxicity, AL formulation was orally administrated to Wistar rats for
safetys/toxicity evaluation. For acute toxicity, a single oral administration of AL formulation
was performed at a dose of 5,000 mg/kg 5 females5 males) to the treated group and control
group were fed by 20% tween 80. The study of subchronic toxicity was determined by oral
feeding (both female and male rats) daily with the test substance at the dose of 1000, 3000 and
5000 mg/kg and a control group fed with 20% tween 80 continuously for 90 days. Evaluation

of the acute toxicity test showed neither mortality nor significant differences in general
behavior, physiological activities, food and water consumption and the body weights between
controls and treated animals. Moreover, gross pathological changes were not comparatively

detectable between all controls and treated animals of both sexes at autopsy. In subchronic

toxicity evaluation, no mortality was observed when varying doses of 1000, 3000 or 5000
mg/kg of AL formulation were administered. There were no significant differences in general

behaviors, food and water consumption and body weights between controls and treated animals
of both sexes. Macroscopic observations of internal organs or tissues at autopsy both in the

treated and control rats showed no changes. These results indicate that AL capsule is basically
safe for further study in clinical trials. However, the pharmaceutical properties should be
evaluated. The chronic toxicity should be studied as well.

Keywords: Atractylodes lancea (Thunb., DC,, capsule formulation, extracting method, acute
and subchronic toxicity
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Abstract

Malaria is a fatal infectious disease in tropical and subtropical regions especially along
the Thailand- Myanmar and Thailand- Cambodia borders. Effective development of new

alternative antimalarial drugs development is urgently required due to the spread of artemisinin
resistant Plasmodium falciparum in Southeast Asia. The aim of this study was to assess the

antimalarial activity of the isolated bioactive compounds from Stephania venosa. The
phytochemical analysis of the extract was investigated by using HPLC. The in vitro antimalarial
activities of the bioactive compounds were assessed using SYBR green-1 assay. Results

revealed that berberine, stephanine and oxocrebanine alkaloids are major components found in
S.venosa. The median ICso values of three bioactives against 3D7 and K1 were less than 10

pg/mL for both clones. The median 1Cso values of berberine were 0.024 and 0.035p g/mL,
respectively. The median ICso values of stephanine were 2.0 and 2.5u g/mL, respectively. The
median ICsp values of oxocrebanine were 2.2 and 2.7 g/mL, respectively. It could be concluded

that berberine has the promising antimalarial activity and in vivo activity should be confirmed
in malaria-infected mouse model.
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Effect of P.- Adrenergic Receptor (.- AR) Agonists on .- AR- Mediated
Inhibition of Insulin-Induced GLUT4 Translocation and GLUT4 mRNA
Expression
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Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand
Abstract

Insulin resistance is a condition in which there are defects in the insulin actions to
induce tissue glucose uptake by inhibiting glucose transporter type 4 (GLUT4) translocation

and GLUT4 mRNA expression. Our previous study has reported that overstimulation of p»-
adrenergic receptors (32-ARs) was associated with the pathogenesis of insulin resistance in the
heart. However, the mechanisms by which B.-agonists affect insulin resistance in the heart are
incompletely understood. This study aimed to investigate the effect of P»-agonists eg,
salbutamol, salmeterol, and formoterol) on insulin-induced GLUT4 translocation in B2-AR-
overexpressing human embryonic kidney cells 293 (HEK-293)and on insulin-induced GLUT4
MRNA expression in rat heart myoblastic cells (H9C2). In this study, we found that salbutamol,
salmeterol, and formoterol (10 uM) significantly inhibited insulin-induced GLUT4
translocation in HEK-293 after long-term (3-h) stimulation of B2>-ARs. The percentages of cells
with GLUT4 translocation to the membrane were 66.8, 31.3, 315, and 26.0 by the treatment of
vehicle, salbutamol, salmeterol, and formoterol, respectively. However, no changes were
observed after short-term exposure (15-minyto these Bz-agonists. Moreover, GLUT4 mRNA
expression of HIC2 cells was significantly reduced by p2-agonists (10 uM). The folds over basal
change of relative GLUT4 mRNA level were 24, 1.6, 1.7, and 14 in cells treated with insulin
alone or insulin together with salbutamol, salmeterol, and formoterol, respectively. These
findings indicated that prolonged stimulation of B2-ARs by B2-agonists may enhance insulin
resistance by suppressing of GLUT4 translocation and GLUT4 mRNA expression. The impact
of this study helps us to understand the molecular mechanism of 2-agonists on the induction
of insulin resistance which would help physicians to choose the proper [»-agonists for each
individual patient.

Keywords: Insulin resistance, P2-agonist, f2-AR, GLUT4 translocation, GLUT4 mRNA
expression
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Abstract

Nitrite, bioactive nitric oxide metabolite, is found in vegetables, dietary and preserved
food. Nitrite acts as an endogenous vasodilator presenting in erythrocytes and plasma. Since

nitrite in solution is inexpensive source of nitric oxide, and convenient to use, inhaled sodium
nitrite is being investigated in phase 2 clinical trial for treatment of pulmonary hypertension in
HDbE B-thalassemic patients. One of possible adverse effects of inhaled nitrite is oxidative stress.

The effect of nitrite on lipid peroxidation has not been reported in humans. In this study, we
investigated the effect of nebulized sodium nitrite on lipid peroxidation in HbE/B- thalassemia
patients (n=5) following a 15-mg single dose administration, an effective dose for pulmonary
artery dilation in thalassemia patients with pulmonary hypertension. Blood samples were
collected before and after administration (at 0, 10, 60 and 120 min). Whole blood nitrite was
measured using chemiluminescence method. 8- Isoprostanes and thiobarbituric reactive
substances (TBARS) were determined as markers of lipid peroxidation using ELISA technique
and spectro-fluorometric method, respectively. The preliminary results showed that, immediately
after 15 mg nitrite inhalation, nitrite levels in whole blood increased from 164.0+47.4 to
421.0£92.9 nM and decreased with a half-life of 51.2+5.7 min. No significant changes in
TBARS in plasma and erythrocytes as well as 8-isoprostanes levels in plasma were observed.
We conclude that a single dose of 15-mg inhaled nebulized sodium nitrite has no effect on lipid
peroxidation in HbE/B-thalassemia patients. Further study in larger number of subjects is
required.

Keywords: Sodium nitrite, HbE/-thalassemia patients, pulmonary hypertension, nitric oxide
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Deferiprone Increases Nitric Oxide Synthesis in Endothelial Cells
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Abstract

Nitric Oxide (NO) produced from endothelial nitric oxide synthase (eNOS) regulates
vascular homeostasis by causing vasodilation, inhibition of leukocyte adhesion, and platelet
inhibition. In blood, NO is converted to nitrite anion (NO>), a stable derivative of NO, which

serves as a bioactive form stored in erythrocytes. Decreased NO bioavailability which

represents endothelial dysfunction is present in thalassemia, and is related with oxidative stress
and iron overload. As deferoxamine and deferiprone can improve endothelial function in

thalassemia, we hypothesized that deferiprone alone could increase NO synthesis by
endothelial cells. The effects of acute deferiprone administration on blood nitrite in 20 healthy

and 20 B-thalassemia-hemoglobin E subjects were studied. In addition, the effect of deferiprone
on NO synthesis in primary human pulmonary arterial endothelial cells were examined in vitro.
The nitrite levels in plasma increased by 166.9+76.6% and 97.7+31. 4% (mean+SEM) at 3 h after
a single oral administration of deferiprone (25 mg/kg) in healthy and thalassemia subjects,
respectively. The diastolic blood pressure also decreased by 12.6+1 9% mean+SEM)at 3 h after
administration in healthy subjects, without orthostatic symptom. No change in systolic blood
pressure and heart rate was observed. In vitro study showed that deferiprone increased cellular
nitrite levels and eNOS phosphorylation at serine 1177 (marker of eNOS activation) in primary
human pulmonary artery endothelial cells. We conclude that deferiprone can improve
endothelial function by increased eNOS activation and NO synthesis in thalassemia.

Keywords: Nitric oxide, thalassemia, deferiprone

Address correspondence and reprint request to: Nathawut Sibmooh, Department of pharmacology, Faculty of
Science, Mahidol University Bangkok 10400, Thailand.
E-mail address: Nathawut.sib@mahidol.ac.th



220 The 39" Pharmacological and Therapeutic Society of Thailand Meeting
18-20 May 2017; Chonburi, Thailand

A21

Metformin  Sensitizes Cholangiocarcinoma Cells to Cytotoxic,
Antiproliferative and Antimigratory Activities of Cisplatin
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Abstract

Metformin (1, 1-dimethylbiguanide hydrochloride) is the first-line drug used in type 2
diabetic mellitus. Interestingly, patients who take metformin have a reduced risk of some
cancers. Moreover, metformin shows anticancer effects in many types of cancer cells including
breast, esophageal, pancreatic and lung cancers. The aim of this study was to examine
anticancer effect of metformin in cholangiocarcinoma (CCA) in KKU-M156 cells. The study
showed that metformin sensitized CCA cells to cisplatin ) Cisc on cell cytotoxicity and
apoptosis, as determined by acridine orange-ethidium bromide fluorescent assay. Moreover,
metformin significantly enhanced cisplatin-induced antimigration of CCA cells as determined
by wound healing assay. Cis induced reproductive cell death in clonogenic assay and the effect
was enhanced by metformin. To explore the mechanism of antiproliferation, cell cycle analysis
was performed. The study showed that Cis and combination of Cis and metformin strongly
induced cell cycle arrest at S phase. It is concluded that metformin has novel anticancer effect
and may be used to enhance antitumor activities of Cis. This work was supported by grant in-

aids from the Office of the Higher Education Commission through the Health Cluster of Khon
Kaen University, and Research Fund from Faculty of Medicine, Khon Kaen Univesity.
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Abstract

Mitrephora sirikitiae, whose common name is Maha-Phrom-Rachini, is an endemic
plant in Mae Hong Sorn province, Thailand. There is no report on biological activities of this
plant. This study aimed to investigate the effects on lipopolysaccharide (LPS)-induced
inflammatory mediator secretion and synthesis in RAW264.7 murine macrophage cells of the
methanol extract of M. Sirikitiae leaves, together with lignans isolated from the extract,
including epieudesmin (1), phyllegenin (2), magnone A (3), forsythialan B (4), 2-(3,4-
methylenedioxyphenyl-6-(3,5-dimethoxyphenyl-3,7-dioxabicyclo-[3.3.0joctane (5), and 3',4-O-
dimethyl-cedrusin (6). The secretion of inflammatory mediators was measured by ELISA
technique. The synthesis of inflammatory mediators determined as mRNA expression was
analyzed by real-time RT-gPCR and indomethacin was used as a positive control. In this study,
we found that the methanol extract of M. sirikitiae leaves could inhibit LPS-induced PGE> and
TNF-a secretion in a dose-dependent manner. Phyllegenin (2) at a concentration of 10 pg/mL
showed significant inhibition of LPS-induced PGE:> secretion. Whereas, the lignans 3 and 5 at
a concentration of 5 pg/mL significantly inhibited the secretion of TNF-a. Moreover, the
methanol extract also inhibited LPS-induced mRNA expressions of TNF-a,, COX-2, and iNOS.
The lignans 3 and 5 at a concentration of 5 pg/mL significantly inhibited LPS-induced mRNA
expressions of TNF-a which related to the effect on LPS-induced TNF-a secretion. The lignin
4 at a concentration of 5 pg/mL could inhibit only LPS-induced COX-2 mRNA expression and
lignans 2 and 6 at a concentration of 10 pg/mL could decrease the COX-2 and iNOS mRNA
expressions. The result of this study demonstrated anti-inflammatory action of lignans isolated
from the methanol extract of M. sirikitiae leaves. Therefore, M. sirikitiae leaves containing many
active compounds may play an important role for protection of inflammation in further studies.

Keywords: Mitrephora sirikitiae, RAW264.7, anti-inflammatory activity, PGE2, TNF-q,
COX-2, iNOS, lignans
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Abstract

Ischemic stroke occurs when the blood supply to the brain is disrupted and may result
in cognitive impairment and dementia in patients. Boesenbergia rotunda (BR) had been

traditionally used as herbs to treat inflammation and bacterial infection. Many studies found
that BR rhizome extracts had anti-inflammatory, anti-oxidant and neuroprotection. Thus, this
study aimed to investigate the effect of ethanolic extract of BR rhizomes (BRE) on learning and
spatial memory and hippocampal cell death in mice with cerebral ischemic-reperfusion (IR)
injury. A total of 30 male ICR mice were randomly divided into 5 groups with 5-6 mice in each
groups; sham-operated, bilateral common carotid arteries occlusion 2VO)and 2VO+BRE at the
doses of 100, 300 and 1,000 mgkg body weight. All animals were orally gavage once daily for
5 consecutive days after operation. Spatial memory was assessed using the Morris water maze
test. At the end of experiment, the brain samples were collected. Neuronal cell death in
hippocampal CA1 and CA3 subfields were determined using Cresyl violet staining. The results
showed that escape latency significantly increased in 2VO group when compared to sham-
operated group (30.8348.55 vs. 8.92+2.18 s) (P<0.05). In addition, the number of survival
hippocampal neurons in 2VO group (CA1-89.97+1.01; CA3-78.80+4.36 cells) significantly
decreased when compared to sham-operated group (CA1-134+4.21; CA3-124.19+3.36 cells).
BRE-treated animals improved spatial memory and reduced hippocampal cell death after IR
injury, but not in a dose-dependent manner. BRE at a dose of 1,000 mg/kg body weight evidently
significantly reversed the learning and memory deficit (7.79:2.34 syand ameliorated the injuries
of hippocampal neurons after IR insult (CA1-103.53+3.10; CA3=92.22+:1.66 cells) (P<0.05)
compared to 2VO group. These results suggest that ethanolic extract of BR rhizomes is likely

to have beneficial effect at least partially against IR injury induced neuronal cell death and
cognitive impairment.

Keywords: Boesenbergia rotunda, common carotid artery occlusion, Morris water maze test,
hippocampus, learning and memory deficits
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Abstract

ECa 233 is a standardized extract of Centella asiatica, characterized as white powder
containing triterpenoid glycosides not less than 80% with a ratio of madecassoside to

asiaticoside of 1.5+05:1. The extract has been found to exhibit various positive neurological
effects. Although toxicological profiles of ECa 233 have been successively reported, the
pharmacokinetic data needed for further therapeutic development are not fully elucidated. This

study aimed to investigate the pharmacokinetics of multiple oral dosing of ECa 233 at 100
mg/kgday for 7 days in rats and its effect on intestinal efflux transporters. Plasma, tissues, urine,

and feces were collected from 0 to 24 h after dosing on days 1 and 7. The concentrations of

asiaticoside, madecassoside, asiatic acid, and madecassic acid were simultaneously analyzed
by liquid chromatography-tandem mass spectrometry. No significant change was observed in

physical and blood biochemical parameters of the animals treated with ECa 233 for 7 days. The
maximum plasma concentration and area under the curve at day 7 of madecassoside and
asiaticoside decreased by 70-80% from day 1. However, both triterpenoid glycosides were
extensively distributed and accumulated, resulting in significantly higher concentrations at
pharmacologically relevant organs such as brain and skin. Madecasssic acid and asiatic acid

were major metabolites mainly found in and excreted via feces. Moreover, multiple dosing of

ECa 233 increased mRNA expression of Abcbla and Abcc2 in the small intestine
approximately by 2- to 3-fold. This is the first study to identify an inductive effect of a

standardized extract of Centella asiatica after multiple oral dosing in rats. Potential drug-herb
interactions when ECa 233 is co-administered with Abcbla and Abcc2 substrates calls for
further investigations.

Keywords: Centella asiatica, Apiaceae, ECa 233, madecassoside, asiaticoside,
pharmacokinetics
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Abstract

Deoxycholic acid (DCA) is a secondary bile acid which is widely used as drug recipient
for enhancing drug delivery to several types of cancer cells. This study aimed to investigate the
effect of DCA curcumin-formulated liposomes on apoptosis induction of cholangiocarcinoma
(CCA)cell lines. Liposome is a nanovesicular drug transportation system with the amphipathic
property that can be used effectively for poor-water soluble drugs such as curcumin. DCA
curcumin-formulated liposomes significantly induced cell apoptosis in KKU213 and KKU214
CCA cell lines with 1Cso values of 47.2 uM and 35.8 uM, respectively using MTT assay and
Annexin Viability test. Moreover, we also found the significant activation of caspase 3 and 7
pathway induced by DCA curcumin-formulated liposomes at concentration of 25-100 uM
compared to liposome without curcumin and curcumin-formulated liposomes using flow
cytometry. This finding showed the advantage of using DCA curcumin-formulated liposomes

for enhancing curcumin efficacy which may lead to the development of specific drug delivery
system for CCA chemotherapeutic agents.
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Abstract

Colorectal cancer (CRC)is a cancer type that occurs worldwide. 5-fluo-rouracil 5-FU)is
a current chemotherapeutic agent used as standard treatment for CRC. However, the response
rate to 5-FU as monotherapy in advanced CRC patients is about 10-15%. Therefore, new
potential anticancer agents that can improve the efficacy of 5-FU andsor induce resistance
reversal are predominantly needed. Cyclopamine is a steroidal alkaloid extracted from corn lily
plantVeratrum californicum. It has been recently reported that cyclopamine inhibited medullo-

blastoma, prostate cancer, and breast cancer and was identified as an inhibitor of the Hedgehog
signaling pathway in pancreatic cancer. The objective of this study was to investigate the

anticancer and anti-invasion of cyclopamine, and to determine the synergistic effect of
cyclopamine and 5-FU on cell viability in CRC cells, SW-620. The results from MTT assays
demonstrated that cyclopamine inhibited the growth of SW-620 cells in a time- and
concentration-dependent manners after 24, 48, and 72 h exposures with the 1Cso values of 30.52,
2349, and 21.99 pg/mL, respectively. The drug combination assay demonstrated that the cell
viability of SW-620 colorectal cancer cells were effectively decreased after co-treatment with
a low dose of cyclopamine (20 pg/mL)and 5-FU (1-50 pg/mL). Moreover, the matrigel invasion
assay showed that 20 pg/mL of cyclopamine combined with 20 pg/mL of 5-FU significantly
decreased percentage of proportional invasiveness (p < 0.01) after 48 h treatment, indicating
anti-invasive activity. These findings suggest that cyclopamine is a potential compound for
developing a new naturally derived anticancer agent for CRC patients in the futures.
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Abstract

Malaria is a mosquito-borne infectious disease affecting humans by parasites of the genus
Plasmodium. Hemoglobinopathies are one of the factors that affect malaria disease severity.

Thalassemia is associated with abnormal erythrocyte that might influence iron supply for
malaria parasites growth. The association between thalassemia and malaria disease has been

reported in some populations. The coexistence of thalassemia and malaria was reported to

protect the infected host against malaria caused by Plasmodium falciparum in several areas but
not by P. vivax in Papua New Guinea. The aim of the current study was to examine the

prevalence of thalassemia in malaria patients who resided along the border areas of Thailand.
Hemaoglobin typing was performed using low pressure liquid chromato-graphy (LPLC) and a-
thalassemia was confirmed by multiplex polymerase chain reaction (PCR) methods. Thirty
percent of HbE, B-thalassemia and type 2 a-thalassemia were detected. Malaria patients
with B -thalassemia and HbE with type 2 o-thalassemia are more likely to develop severe
malaria. Further study with increasing sample size is needed to confirm the effect of thalassemia
on malaria patients in Thai endemic areas.

Keywords: Malaria, thalassemia, hemoglobin E
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Careya sphaerica Roxb. Protected SH-SY5Y Cells from Hydrogen Peroxide-
Induced Neuronal Cell Death
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Abstract

Careya sphaerica Roxb.belongs to the Lecythidaceae family, is known as “Kradonbok>
in Thai, widely used as traditional vegetable. The aim of this study was to investigate the
neuroprotective effects of Careya sphaerica Roxb. extracts on hydrogen peroxide (H2O2)-
induced apoptosis in SH-SY5Y neuroblastoma cells. The Careya sphaerica Roxb. extracts

including methanol extract of leaves and flowers and butanol extract of flowers were
investigated for antioxidant activity using DPPH and ABTS assays. The neuroprotective effects

of Careya sphaerica Roxb. extracts on H20.-induced neuronal cell death were determined by
WST-8assay. The marker of apoptosis, caspase-3 was observed by immunoblotting. The DPPH
assay and ABTS assay results showed that the butanol extract of flowers and methanol extract
of flowers and leaves at concentration 100 ug/mL had strong antioxidant activity compared to

control. All extracts also possessed protective effects in SH-SY5Y cells exposed to H,O2 which
was correlated with their inhibitory effect on caspase-3 activation using curcumin as positive
control. This study suggests that the Careya sphaerica Roxb. extracts including methanol

extract of leaves and flowers and butanol extract of flowers have neuroprotective effects on
H20.-induced neuron cell death, possibly due to its antioxidant effect.

Keywords: Careya sphaerica Roxb., neuronal cell, antioxidant, apoptosis, hydrogen peroxide
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Inhibitory Effect of Artocarpus lakoocha Roxb.and Oxyresveratrol on Alpha-
Glucosidase

Matusorn Wong-on, Nanteetip Limpeanchob
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Research Unit, Faculty of Pharmaceutical Sciences, Naresuan University, Phitsanulok 65000, Thailand

Abstract

Diabetes mellitus is a metabolic disease that is characterized by chronic hyperglycemia
and a lack of the absolute or relative effects of insulin. The effectiveness in improving
postprandial glycemic control and maintaining a normal blood glucose level could delay the
progression of long-term diabetic complications. One of the treatments has been emphasized on

the inhibition of gastrointestinal hydrolases, particularly o-glucosidase that plays a role in
glycemic control. The a-glucosidase inhibitory effect of five active components in mulberry
(Morus alba L.) was investigated and found that oxyresveratrol was effective more than
acarbose, an - glucosidase inhibitor. Oxyresveratrol is also a major constituent of the
heartwood of Artocarpus lakoocha Roxb. It was found that the quantity of oxyresveratrol in
water extract of A lakoocha was higher than that of mulberry leaf. A dried aqueous extract of
A lakoocha is called Puag-Haad that has traditionally used in Thai traditional medicine for
centuries. Puag-Haad and oxyresveratrol have been showed for their active role in health and
disease prevention. However, the study of reducing blood glucose levels through the inhibition
of a-glucosidase activity has not been conducted. Thus the present study aimed to determine
the inhibitory effect of Puag-Haad and oxyresveratrol on a-glucosidase activity. The result
showed that acarbose, Puag-Haad and oxyresveratrol inhibited a-glucosidase activity in a
concentration-dependent manner when p-nitrophenyl a-D-glucopyranoside (pNPG)was used as
a substrate. The ICso of Puag-Haad, oxyresveratrol, and acarbose were 11.18, 45.85, and 656.9
Mg mL, respectively, indicating that oxyresveratrol has stronger a- glucosidase inhibitory
activity than acarbose. Interestingly, Puag-haad is the strongest a-glucosidase inhibitor in this
study. From Lineweaver-Burk plot, acarbose exhibited competitive inhibitory activity whereas
Puag-Haad and oxyresveratrol showed noncompetitive inhibition. Therefore Puag-Haad and

oxyresveratrol are natural compounds that should be further investigated for their potential as
anti-diabetic agents.

Keywords: Diabetes mellitus, Artocarpus lakoocha Roxb., oxyresveratrol
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Hypocholesterolemic Effect of Sericin-Derived Oligopeptides in High-
Cholesterol Fed Rats
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Abstract

The beneficial effect of cholesterol-lowering proteins and/or peptides derived from
various dietary sources is continuously reported. A non-dietary protein from silk cocoon, sericin,
has also demonstrated cholesterol- lowering activity. A sericin hydrolysate prepared by
enzymatic hydrolysis was also expected to possess this effect. The present study aimed to
investigate the cholesterol- lowering effect of sericin peptides, so called «sericin-derived
oligopeptides” (SDO) both in vivo and in vitro. The results showed that SDO at all three doses
tested (10, 50 and 200 mg/kg/day) suppressed serum total and non-HDL cholesterol levels in
rats fed a high- cholesterol diet as compared with high cholesterl diet group (p<0.05).
Triglyceride and HDL-cholesterol levels did not significantly change among all groups. The
fecal contents of bile acids and cholesterol did not differ among high-cholesterol fed rats. SDO
dose-dependently reduced cholesterol solubility in lipid micelles, and inhibited cholesterol
uptake in monolayer Caco-2 cells. SDO also effectively bound to all three types of bile salts,
i.e., taurocholate, deoxytaurocholate and glycodeoxycholate. Direct interaction with bile acids

of SDO may disrupt micellar cholesterol solubility, and subsequently reduce the absorption of
dietary cholesterol in intestines. Taking all data together, SDO or sericin peptides exhibit a

beneficial effect on blood cholesterol levels and could be potentially used as a health promoting
dietary supplement or nutraceutical product.

Keywords: Sericin, hypocholesterolemic effect, cholesterol, protein hydrolysate, bile acid
binding, micellar solubility
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Anti-adipogenesis Effect and Molecular Mechanism of Artocarpus lakoocha
Roxb. and oxyresveratrol in Culture Adipocytes
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Abstract

Obesity is one of the risk factors of metabolic diseases such as diabetes and
cardiovascular diseases. The key strategy to prevent and treat obesity is maintaining an energy

balance by behavioral changing. However, it is not readily long-term persisted for most people.
Searching ways, especially by using dietary supplement to prevent and,or treat obesity without
changing the behavior or appearance of the favorite foods receives much attention. The present
study aimed to investigate the anti-adipogenesis effect of Puag-Haad, a dried aqueous extract
prepared from the heartwood of Artocarpus lakoocha Roxb., and oxyresveratrol using 3T3-L1
adipocyte cell model. Stock solution of Puag-Haad and oxyresveratrol were prepared in 100%
DMSO. The final concentration of DMSO in culture medium was 0.1% Puag-Haad and

oxyresveratrol were added to the medium at cell differentiation stages to the end of the
adipogenesis process. The lipid contents in the mature adipocytes were determined using Oil

Red O staining method. The result showed that both Puag-Haad (5-40 pg/mL) and oxyresveratrol
(25-100 uM) inhibited lipid accumulation in a concentration-dependent manner. Puag-Haad and
oxyresveratrol decreased lipid accumulation approximately 40« at the concentration of 40
pg/mL and 100 uM, respectively. This study suggested that Puag-Haad and oxyresveratrol have
anti-adipogenesis effect by inhibiting lipogenesis in adipocytes. The underlying mechanisms of
this effect will be further investigated.

Keywords:  Artocarpus lakoocha Roxb., oxyresveratrol, anti-adipogenesis, obesity
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Neuroprotective Activity of Artocarpus lakoocha Roxb. Extract and
Oxyresveratrol
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Abstract
Oxidative stress plays important role in pathophysiology of neurodegenerative diseases,
thus antioxidant has been suggested for prevention and treatment of such diseases. Artocarpus

lakoocha Roxb. has been used as traditional drug plant for centuries in Thailand. Aqueous
extract of A lakoocha known as Puag-Haad has been used for anthelminthic treatment. Previous
studies revealed the potential of oxyresveratrol as a neuroprotectant. We proposed that Puag-
Haad would have similar effect since the main compound of Puag-Haad is oxyresveratrol. In
this present study, we examined the neuroprotective effect of Puag-Haad (containing
approximately 66+ oxyresveratrol) and oxyresveratrol against hydrogen peroxide H202)-
induced neuronal damage in SH-SY5Y cells. The preliminary study showed high antioxidant
activities of these compounds tested by DPPH and FRAP assays. Puag-Haad, oxyresveratrol
and trolox as a positive control showed ICso at 9.36 pg/mL, 3814 uM, and 5529 pM
respectively. ICso of Puag-Haad based on oxyresveratrol content is 22.97 uM. For FRAP assay,
the results demonstrated that oxyresveratrol and trolox at 100 pM concentration produced Fe?
ions at 11.18 and 8.23 uM, respectively. Puag-Haad at 30 pg/mL (73.7 UM oxyresveratrol)
produced 10.82 pM of Fe? ions. The neuroprotective effects of Puag-Haad and oxyresveratrol
determined by XTT and LDH assays were observed after a short H>O> treatment 4 h) but not
at 24 h.Further studies are needed to investigate the effects on cellular oxidative stress.

Keywords: Puag-Haad, oxyresveratrol, neuroprotective effect, oxidative stress
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Abstract

Gynura pseudochina DC. var. hispida Thv. leaves have long been used effectively
against Psoriasis cutaneous plaques in Thai traditional medicine. The research objectives are to
prepare Gynura pseudochina DC. var. hispida Thv. leaves extract ointment and to perform
subacute toxicity test on guinea pigs skin before proceeding to Phase Il clinical trial along with
the study of its mechanism of action. Dried powder of Gynura pseudochina DC. var. hispida
Thv. leaves was extracted by 95 ethanol and vacuum dried, yielding semisolid dark green
substance. Ointment (0.1/1 g) was prepared and kept in a refrigerator until used. The Gynura
extract ointment was applied on 2.5 cm? shaved skin of 12 guinea pigs once a day for 45 days
and the ointment base was also applied on the 2.5 cm? shaved skin of another 8 guinea pigs of
the same batch as a control group. There was no difference in all physiological parameters
between two groups of the animals during and at the end of the experiment. Skin biopsy

microscopic examination performed periodically during and at the end of an experiment
revealed no histological change in both groups of the animals. The preparation, 0.1/1 g Gynura

leaves extract ointment produced no abnormal reaction in this subacute toxicity test. The
clinical trial and the study of mechanism of action have been further performed.

Funding for this work was provided by the Cerebos Awards Research Fund.

Keywords: Gynura pseudochina DC. var. hispida Thv. ointment, subacute toxicity test,
psoriasis, cutaneous plaques
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Fat Metabolism in High Fat and High Fructose Diet Induced Insulin
Resistant Rats
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Abstract

Diabetes mellitus is a serious health problem of Thais and also worldwide population,
as it cannot be radically cured. Insulin resistance is an essential cause of Type 2 diabetes. Long

term high fat and high fructose diet (HFFD) consumption can cause an insulin resistance leading
to hyperglycemia, glucose intolerance and dyslipidemia. This study aimed to investigate the
effects of aril extract of Momordica cochinchinensis (MCE) on glucose and fat metabolism in
HFFD-induced insulin resistant rats. Male Wistar rats were used. The rats in the normal group
were fed normal chow, while those in the insulin resistant group were fed HFFD 40+ lard and
20« fructose) throughout the experimental period. At week 4 of normal chow or HFFD feeding,
treatments were applied for further eight weeks, as follows: Group I: normal chow with distilled
water (DW); Group Il: normal chow with MCE 500 mgkg/day; Group Ill: HFFD with DW;
Group 1V-V: HFFD with MCE 250 and 500 mg/kg/day; Group VI: HFFD with pioglitazone 10
mg/kgday. Following this, fasting blood glucose (FBG), oral glucose tolerance test OGTT),
serum insulin level, HOMA-IR, lipid profiles and expression of PPAR-oo mRNA in liver were
determined. The results showed that insulin resistant rats had high blood glucose and lipid
levels, impaired OGTT, and high HOMA-IR value, which are the characteristics of Type 2DM .
The administration of MCE 250 and 500 mg/kg) significantly decreased FBG, reduced
triglyceride and improved OGTT. However, MCE only showed a prominent tendency, but not
significantly, to lower HOMA-IR values in HFFD feeding rats. Interestingly, MCE significantly
increased the expression of liver PPAR-ao mRNA of insulin resistant rats which may contribute
to the action of MCE on glucose and fat metabolism in these rats. In conclusion, MCE possesses

potential to be developed as supplementary agent in the treatment of insulin resistance and
Type 2 DM patients.

Keywords: Momordica cochinchinensis, Type 2 diabetes, insulin resistance, PPAR-a
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The Neuroprotective Effects of a Germinated Black Glutinous Rice Diet on Af2s.
35 Peptide Induced Learning and Memory Deficits in Male Rats
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Abstract

Germinated black glutinous rice (GBGR) is a black glutinous rice (BGR) that has been
soaked in water to initiate pre-germination. It is also known as pre-germinated brown rice (PGR).
Most nutrients in GBGR are y-aminobutyric acid (GABA), y-oryzanol, and another bioactive lipid.
GABA concentrations in GBGR are more than 15 times greater than in non-germinated. PGR was
being reported to have neuroprotective effects in developing rats, against the accumulation of lead
and protects against neuronal cell loss and memory deficits, but there are no report regarding
GBGR, for example. In our research, we investigated the effects and protective mechanisms of ABas.
35 peptides in GBGR against glutamate-induced excitotoxicity. In our in vivo studies, rats were
injected with 15 ul of aggregate AP2sss peptides following screening of the effects on locomotor
activities by open field test. Spatial navigation and recognition memories were evaluated by the
Morris water maze and novel object recognition test, following which the glutamate and GABA
concentrations were analyzed by high performance liquid chromatography with electrochemical
detection. Finally, the neuronal viability was counted by histological techniques. The results showed
that the rats given GBGR had significantly increased spatial and recognition memories by the
increase of GABA concentration and in the hippocampus. Moreover, GBGR shown neuronal
viability as the control rat. It can be concluded that GBGR has a potential role to protect against
memory deficits in an Alzheimers rat model.

Keywords: Alzheimers disease; AP2sasspeptide; learning and memory; GABA, pre-germinated
black glutinous rice
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