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แปงมันสำปะหลังเป็นส่วนประกอบมีประสิทธิภาพในการดึงน้าและคงสภาพเซลล์ได้เทียบเท่ากับนำยาที่มีอนุพันธ์แปงข้าวโพด แต่ 
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To investigate the safety and effectiveness of the new product tap ioca derivative-based peritoneal dialysis

flu id (PDF) compared to corn derivative-based PDF and standard g lucose-based PDF, in-vitro and in-vivo toxic ity as 
well as ex-vivo flu id shift were studied. The in-vivo cytotoxic ity using LDH assay, ce ll proliferation, and cell death were  
assessed in d ifferent ce ll cultures, includ ing primary human mésothélial peritoneal ce lls (HMPCs), fib rob las t cell line, 
and peripheral mononuclear cells. A fter the ce lls exposure to various PDFs, the apopto tic and necrotic fib rob las t and 
PBMC were labeled with Annexin v /p rop id ium  Iodide and counted by FACS Calibur Flow Cytometer. V iability and 
proliferation of fib rob last and PBMC were assessed by MTT assay. Bal/C m ice were subjected to da ily injection with 1) 
in tra-peritoneal (IP) route of 20% tap ioca-based PDF 2) intravenously (IV) route of 15%TPDF at dosage of 5 and 10 
mL/kg 3) IP and IV routes of 0.9% normal saline served as controls. A fter 14-day injections, m ice were sacrificed for 
gross patho logy and histology examinations. The ex-vivo e ffectiveness study was experim ented by filling various 
PDFs into 10 kDa cut-off ce llophane bags p laced in water & plasma containers. Mass changes of the bags were 
measured and ca lcu la ted. The HPLC was also performed to de tec t the starch derivatives inside and outside the bag. 
The mathematic formulation and computer-s imulation were proposed to im itate the flu id flux across the membrane. 
7.5% tap ioca-based pull larger amount o f flu id but slower rate of flux compared to the g lucose-based PDF; however, it 
dragged slightly h igher amount but equivocal rate compared to the corn-based PDF. Besides co llo id osmotic 
pressure, the diffusion of small molecule also affected the flu id shift. A  mathematical model also confirm ed this 
phenomenon. HMPC were more venerable to injure w ith PDF compared to fib rob las t and mononuclear cells. 
Treatments w ith tap ioca- and corned-based PDFs yie lded be tter ce ll preservation in terms of morphology, 
proliferation, and cell death, a lthough the higher dosage of tap ioca-based PDF (15%) were used, com pared to 
g lucose-based PDF. No sign ificant clin ica l parameters, we ight reduction, and animal lost were de tec ted . Moreover, 
the gross pa tho logy and h isto logy y ie lded no sign ificant abnormalities compared to control group. เท conclusion, 
tap ioca-based and corned-based PDF have sim ilar flu id recru itment and ce llu lar preservation effects but are superior 
to conventional g lucose PDF in terms of safety and efficacy. Usage of tap ioca-based solution seems to be possib le in 
the c lin ical p ractice as a po lyg lucose PDF.

Field of Study: Bjomedica.l Science

Co-advisor's Signature .. Jcinfr



VI

ACKNOWLEDGEMENT

I would like to thank the most significant person in this endeavor, my advisor, Assoc. 
Prof. Talergsak Kanjanabuch, M.D., for his guidance in both scientific and non-scientific 
areas, for his insight, patience and encouragement throughout my study. I acknowledge the 
staff, both past and present, at KUB-MED Research Unit, Chulalongkorn University, for 
providing a wealth of technical assistance and social support. The accomplishment of this 
thesis would not have been possible without their support. Also, I thank Assoc. Prof. 
Voranuch Thanakit, M.D., Mr. Preecha Ruangvesvorachai and Ms. Jutamas Wongphoom at 
the Faculty of Medicine for pathology examination assistance.

I thank my thesis co-advisors: Dr. Kuakoon Piyachomkwan for her HPLC technical 
advice and all comments over the years; and Assist. Prof. Dr. Angkana Tantituvanont for her 
significant comments on this study. Thanks to Ms. Rungtiva Wansuksri and Juthamas 
Sinthusock for FtPLC analysis and technical assistance.

Thanks to my friends at the HIV-NAT Research Laboratory for helping me in so many 
ways to keep my study work and life in balance. Thanks to Sumontida Sayachak, my 
roommate, and to her family for taking care of me during my student life. Thanks to my 
special friends Mr. Jessada Nittayajarn, Gayle J Hall and David O'Connor for spiritual 
encouragement and support.

I am indebted to my parents, who understand and believe เท me whatever I do and 
have tried. To them I say that I am so much lucky to be your daughter; and many thanks to 
my brother and sisters for always giving me love, support and encouragement.

This study was supported by the Graduate Scholarship for Students from 
Neighboring Countries. This was a partial finance, supported by the
R a tc h a d a p is e k s o m p o tc h  Fund , F a cu lty  o f M e d ic in e , C h u la lo n g ko rn  U n ive rs ity , a n d  the

N a tio na l C e n te r fo r  G e n e tic  E n g in e e r in g  a n d  B io te c h n o lo g y , T h a ila n d .



CONTENTS

ABSTRACT (THAI).....................................................................................................  iv
ABSTRACT (ENGLISH)..............................................................................................  V
ACKNOWLEGEMENT................................................................................................  vi
CONTENTS...............................................................................................................  vii
LIST OF TABLES........................................................................................................ X
LIST OF FIGURES......................................................................................................  xii
LIST OF ABBREVIATIONS.........................................................................................  xiv
CHAPTER I: INTRODUCTION.....................................................................................  1

Background and Rationale.............................................................................  1
Statement of the Problem................................................................................ 8
Hypothesis Mechanism..................................................................................  9
Research Methodology..................................................................................  9
Research Questions........................................................................................  10
Objectives....................................................................................................... 10
Hypotheses....................................................................................................  10
Keywords....................................................................................................... 10
Expected Benefit............................................................................................. 10
Conceptual Frameworks..................................................................................  11

CHAPTER II REVIEW OF RELATED LITERATURE........................................................ 15
Chronic Renal Disease....................................................................................  15
Renal Replacement Therapy (RRT).................................................................  15
Peritoneal Membrane physiology....................................................................  17
Peritoneum characteristics and peritoneal dialysis............................................. 22
Overview of peritoneal dialysis fluids (PDFs)....................................................  24
Conventional glucose-based peritoneal dialysis fluid (GPDF)............................ 25
Corn derivative-based PDF (CPDF).................................................................  27
Tapioca derivative based-peritoneal dialysis fluid (TPDF)...............................  31

P AG E



v iii

CHAPTER III: MATERIALS AND METHODS...................................................................  32
TPDF composition and its degradation products................................................ 32
Safety testing........................................................................................................  33
Animal Toxicity Testing........................................................................................  40
Effectiveness of this TPDF-induced water transportation...................................  41
Statistical analysis................................................................................................  47

CHAPTER IV: RESULTS...................................................................................................  48
Reviewed tapioca derivative properties............................................................... 48
Tapioca derivative-based peritoneal dialysis fluid (TPDF) preparation..............  51
Cytotoxicity and toxicity testing............................................................................ 55
Toxicity testing in animal......................................................................................  66
Effectiveness of TPDF and its mechanism.......................................................... 79

CHPTERV: DISCUSSION...............................................................................................  84
REFFERENCES..................................................................................................................  90
APPENDIX........................................................................................................................  113

PAG E

BIBLIOGRAPHY 128



ix

\G E

6
16
29
49

50
51

54
56
66
67
68
69
70
71
73
74

LIST OF TA B LE S

Effect of GDPs and A G Es..................................................................... 3
Composition of glucose and glucose polymer based PD Fs.......5
Comparison of effects of GPDF and C PD F.....................................
Classification of CKD and the clinical guideline evaluation........
Effect of PDFs on peritoneal membrane function..........................
Structural properties of g lucose.........................................................
The molecular weight property of tapioca derivative compared
to cornstarch derivatives......................................................................
Compositions of peritoneal dialysis flu ids........................................
Levels of Glyoxal (GO), Methylglyoxal (MGO), 3-deoxygluco-
son (3-DG) in glucose and glucose polymers based PDFs........
Evaluation of HPMC morphology changes.....................................
Acute Intravenous Toxicity Test in M ice...........................................
Mean of body weight and its %change (I.V )....................................
Organ weight per body weight monitoring (I.V)..............................
Acute Intraperitoneal Toxicity Test in M ice......................................
Mean of body weight and its %change (I.P )....................................
Organ weight per body weight monitoring (I.P).............................
Pathology finding (Acute I.V & I.P Toxicity Test in M ice).............
Summary of abnormality findings in pathology exam ination.......



X

1.1 Mechanism of peritoneal gluco-toxicity............................................  2
1.2 Potential role of biocompatibility in clinical outcom es................. 4
1.3 The MW distribution of corn-derived PD F........................................  7
1.4 The MW distribution in human and in ra t.......................................... 7
2.1 Overview of CAPD intervention........................................................... 17
2.2 The peritoneal cavity anatom y.............................................................  18
2.3 Pathways for solute and water tra n sp o rt.......................................... 20
2.4 Interpretation of peritoneum equilibrium te s t .................................  23
2.5 Transport status and mortality in peritoneal dialysis patients.....  23
2.6 Molecular chemical structures of glucose and glucose polymer 27
2.7 Compare net ultrafiltration between CPDF andG PDF...................  28
3.1 PDFs induce water osmosis in water and in plasma containers 42
3.2 Two mechanisms of heterogamous glucose polymer as osmotic

agent to induce water osm osis..........................................................  43
3.3 Effects of desalted CPDF small molecules on water OS.ทาosiร.... 44
3.4 Effect of colloid and crystalloid molecules on water osm osis.....  45
4.1 A Chromatographic analysis on molecular weight d istribution........  49
4.1B Effect of sterilization step on osmolarity changes............................ 52
4.1C Effect of sterilization process on pH of TPDF changes..................  53
4.2.1 HPMC cultures.......................................................................................... 55
4 .2 .1A PDFs induced mésothélial cell morphological changes................  56
4.2.1 B Effect of peritoneal dialysis fluids on lactate dehydrogenase

(LDH) released by human peritoneal mésothélial ce lls ................  57
4.2.1C Effect of PDFs on mésothélial cells death by TUNEL/PI Assay... 58
4 .2 .1D Effect of PDFs on lactate dehydrogenase (LDH) released by

3T3 fibroblast cell line...........................................................................  59

LIST OF FIG U R ES

FIG U R E PAG E



XI

FIGURE PAGE
4.2.1 E Effect of PDFs with and without adjusted pH on 3T3 cell

viability by MTT assay............................................................................  60
4.2.1 F Effects of tapioca derivative on 3T3 cell viability by MTT assay.. 61
4.2.1G Effects of PDFs on 3T3 cells proliferation by MTT A ssay............... 62
4 .2 .1H Percentage of PBMC death by FITC-Annexin V/PI staining/ flow

cytom etry...................................................................................................  63
4.2.11 Percentage of PBMC viability by FITC-Annexin V/PI staining

flow cytom etry........................................................................................... 64
4.2.1 J Effect of PDFs on PBMC proliferation..................................................  65
4.3.1 A Body weight monitoring by group/sex among acute intravenous

toxicity (Limit) 14-days testing in m ice...............................................  67
4 .3 .1B Organs weight per body weight (Toxicity in Mice, I.V)...................  68
4.3.2A Body weight monitoring by group/sex among acute

intraperitoneal toxicity (Limit) 14-days in m ic e ..............................  70
4.3.2B Organs weight per body weight (Toxicity in Mice, I.p)...................  72
4.3.2C Light micrograph of heart sections with H&E and PAS staining.. 75
4.3.2D Light micrograph of liver sections with H&E and PAS staining... 76
4.3.2E Light micrograph of kidney sections with H&E and PAS staining 77
4.3.2F Light micrograph of spleen sections with H&E and PAS staining 78
4 .4 .1A W ater osmosis in water and plasma stud ies...................................... 79
4.4.1 B W ater osmosis by mass changes between experiments

compared to computer sim ulation......................................................  79
4.4.2A Effects of polyglucose molecules induced water osm osis............  80
4.4.2B The HPLC chromatogram of diffused CPDF into outside bag... 81
4.4.2C Experiment compared to simulated theory........................................  82
4.4.2D Computer simulation without small M W <1.08 kDa compared to

experiment study in w ate r....................................................................  82
4.4.2E Effect of each fraction on %water reduction......................................  83



LIST OF A B B R E V IA T IO N S

AGE Advanced glycation end-products
ANOVA Analysis was performed with a two-way analysis of
APD Automated peritoneal dialysis
BUN Blood urea nitrogen
CAPD Continuous ambulatory peritoneal dialysis
CCPD Continuous cyclic peritoneal dialysis
CPDF Corn derivative-based peritoneal dialysis fluid
CKD Chronic kidney disease
Da, kDa Daltons, kilo Daltons
D/P Dialysate to plasma concentration ratio
ESRD End-stage renal disease
FBS Fetal bovine serum
FCS Fetal calf serum
GDP Glucose degradation product
GFR Glomerular filtration rate
GPDF Glucose-based peritoneal dialysis fluid
HD Hemodialysis
HMW High molecular weight
HPMC Human peritoneal mésothélial cells
IP Intra-peritoneal
IV Intravenous
KT Kidney transplantation
LMW Low molecular weight
LDH Lactate dehydrogenous
Mn Number average molecular weight
Mw W eight average molecular weight
NRRF Non-residual renal function
PBMC Peripheral blood mononuclear cells



Mw W eight average molecular weight
NRRF Non-residual renal function
PBMC Peripheral blood mononuclear cells
PBS Phosphate buffer solution
PD Peritoneal dialysis
PDF Peritoneal dialysis fluid
PET Peritoneal equilibration test
RRF Residual renal function
RT Room temperature
RRT Renal replacement therapies
TPDF Tapioca derivative based peritoneal dialysis fluid
UF Ultrafiltration
UFF Ultrafiltration failure
VEGF Vascular endothelial growth factor
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