SYNTHESII]§, CHARACTERIZATION, AND DRUG RELEASE PROPERTIES OF
LIDOCAINE-LOADED POROUS (RICE HUSK) NANOSILICA/
POLYCAPROLACTONE FIBER COMPOSITES

ALQUIN VIERNES ILAGAN

An Undergraduate Thesis Submitted to the Faculty of the Department of Chemistry,
College of Arts and Sciences, Central Luzon State University,
Science City of Mufioz, Nueva Ecija, Philippines
in Partial Fulfillment of the requirements
for the degree of

BACHELOR OF SCIENCE IN CHEMISTRY
June 2017

CHE-02-17-002



APPROVAL AND ACCEPTANCE

The undergraduate thesis entitled SYNTHESIS, CHARACTERIZATION, AND
DRUG RELEASE PROPERTIES OF LIDOCAINE-LOADED POROUS (RICE
HUSK) NANOSILICA/POLYCAPROLACTONE FIBER COMPOSITES prepared
and submitted by ALQUIN V. ILAGAN in partial fulfillment of the requirements for the
degree of BACHELOR OF SCIENCE IN CHEMISTRY is hereby

APPROVED:
():)Wbu
JU | Y J. MONSERATE, Ph.D. RODEI] M. LATAO
Adviser Co-Adviser (RCFSD, PhilRice)
Obios 1T Ol05 ]
ate " Date

JOEL R. SANAZAR, Ph.D.

ic Department Research Coordinator
Qle [ 06{1F b/7)13
[ Dale Date

Prof. DANH.A S.MAS

Department Chair

¢[7]2er7
Date

AND ACCEPTED:

— ¥

ANNA(MA. LOURDES S, LATONIO, Ph.D. MYRNA R, UMAGAE Ph.D.

College Research Coordinator Dean

b0 |1F - 06[0F{1T
T Date ‘ Date




BIOGRAPHICAL SKETCH

PERSONAL INFORMATION
Name ALQUIN VIERNES ILAGAN
Date of Birth : May 20, 1997
Place of Birth

Apiat, Aurora, Isabela

EDUCATIONAL BACKGROUND

Elementary : AURORA CENTRAL SCHOOL
Sta. Rosa, Aurora, Isabela
March 2009

Secondary ; DONA AURORA NATIONAL HIGH SCHOOL
Sta. Rita, Aurora, Isabela
March 2013

Tertiary : CENTRAL LUZON STATE UNIVERSITY
Science City of Mufioz, Nueva Ecija
Bachelor of Science in Chemistry

June 2017
SCHOLARSHIP AND AWARDS
Scholarship : San Miguel Foundation Community Scholarship
University Scholar 1% semester, A.Y. 2016-2017
College Scholar ; 1% semester, A.Y. 2013-2014

15 semester, A.Y. 2015-2016
2nd semester, A.Y. 2015-2016

Dean’s Lister ; ond semester, A.Y. 2013-2014
1%t semester, A.Y. 2014-2015

il



ORGANIZATIONAL AFFILIATIONS

Member

Christian Brotherhood International (CBI)
AY.2016-2017

SEMINARS AND ACTIVITIES ATTENDED

Participant

Participant

Participant

Participant

Participant

Participant

2013 PhilRice Nutrition Month Seminar
Philippine Rice Research Institute

Maligaya, Science City of Mufloz, Nueva Ecija
July 2013

Shimadzu Technology for Analytical Instrumentation
CAS Little Theatre, CLSU

Science City of Mufioz, Nueva Ecija
October 8, 2015

E3 START Green Chemistry

Research Extension and Training Amphitheatre, CLSU
Science City of Mufioz, Nueva Ecija

Junc 20, 2014

San Miguel Foundation Community Scholars Conference
Maribago, Lapu-Lapu City, Cebu
December 01-03, 2016

National Chemistry Students” Congress PACSiklaban
Adamson University, Manila
February 22, 2016

National Chemistry Students’ Congress PACSiklaban

University of the Philippines Diliman, Quezon City
March 05, 2017

v



ACKNOWLEDGEMENT

The LORD by wisdom founded the Earth; by understanding He established the heavens”
-Proverbs 3:19

First, to the Almighty God, for conferring upon me wisdom, strength, perseverance,

and patience to undertake my duties every day. My faith in you never lost despite
challenges and hardships 1 have encountered and | promise to serve you with all my
strength while I'm in this world. Thank God for all the blessings you give to me and that I
shall use for the greater honor and glorification of your name.

[ would like to express my deepest gratitude and appreciation to the following
people and institutions who gave much contributions, inspiration and motivations that
helped me finish my thesis and also for those who supported me throughout my college
life.

To my adviser, Dr. Juvy J. Monserate, for sharing his knowledge, generosity, and
expertise that helped me so much to finish my research. Thank you so much sir for
believing in me and for caring to your advisees. I hope that you shall be granted more
success in the field of scientific research and that your ideas be honored on a higher extent.

To my critic and ever-loved professor, Dr. Joel R. Salazar, for his constructive
criticisms, generosity, and advice. Thank you so much Sir for teaching us Chemistry that
helped us develop our chosen professional career. Despite all the hard quizzes and exams,
[ appreciate your untiring efforts and never doubted in your wisdom, because I know

everything you taught us will help shape our successful future. I hope that you’ll have soon

a happy family with Ma’am Darling and God bless you all the time.



To my best co-adviser in PhilRice, Sir Rodel M. Bulatao, to whom I owe my earnest
gratefulness for giving me the opportunity to conduct my experimentations in PhilRice, for
improving my thesis papers, and for your unselfish help. Thank you so much sir because

you guided me so well, and I hope that you’ll have greater success in your field. Without

you sir, my thesis would be impossible to conduct.

To Dr. Redel L. Gutierrez, our Department Research Coordinator, for being
considerate and understanding with the deadlines. Thank you sir Reeds for always
reminding us to finish our experimentations on time and for pushing about the success of
our theses.

To Prof. Danila S. Paragas, the Chairman of Chemistry Department for helping me
with my scholarship and to the faculty of the Chemistry Department for teaching us
chemistry subjects that helped us with the concepts on our experimentations.

To team Nanoworks: kuya Emerson, kuya Rommel, and Ma’am Anna for helping
me conduct my experiments and processing my papers. Also for the fun, cclebrations, and
internet that helped me unwind during my problems though some of you caused me so
much stress.

To San Miguel Foundation and Ginebra San Miguel Inc. for granting me
scholarship which helped finance my thesis and board exam review. To the officers:
Ma’am Lhalyn, Ma’am Mabeth, Ma’am Camille, Ma’am Hanna and Ma’am Mei for
guiding me and for the fun during the conference. Also to my co-scholars, Mark Harold

and Jay-Ann for motivation and moral support.

vi



To the Rice Chemistry and Food Science Division (RCFSD) staffs, Ma’am Rose,
Ma’am Belen, Ma’am Amy, ate Lyn, ate Cai, kuya Gerome, kuya Jek, ate Rochelle, and
ate Roxanne for being hospitable, approachable and welcoming. God bless to you all!

To my tito Atty. James, tita Evelyn for their professional advice and for so much
love and support. To tita Grace, tita Lehong, families Viernes, Guiyab, and Garcia for
supporting my family in times of crisis and problems. I express my love and God bless you
all.

To uncle Jun, tita Vi, ate Gladys, Psamuel, Hannah, and Glen for being hospitable
at Viernes boarding house. Though I'm away from home, I never felt alone because you
treated me like family. To kuya Romeo, Clarjay, Kuya Jacob and to my roommates for
being cooperative, also for the fun and adventures.

To my brads, kuya JV and Dodong, for the strong brotherhood, for treating me as
your sibling, and for moral supports. Also, to my pinsans, PG, Perine, kuya Sioty for caring
about our family.

To my closest friends and kepatids, Kevin and Renyoll for the friendship and happy
memories throughout my college life. We belicved and helped each other in times of
hardships and for that I hope we never become strangers.

To my friendly classmates, Leendel, ate Lei-Ann, J ay-Lord, Dio, Erica, Eulynne,
Medz, and Mikka for the fun and for being approachable in times of need.

To kuya Paul Jhon, kuya Reniel for being amenable and helpful during my
experiments in PhilRice and to kuya Paulo for the analysis of my samples at ITDI. Also, to

kuya Gil for providing me files and tips that helped me in the write-up of my thesis. Thank

you so much.

vii



Lastly, to my beloved family, Papa, Mama, Frek, and Mamang, thank you for
supporting me all the time. Your unconditional love, sacrifices, life advices, and care made
me wise, intelligent, and a responsible person. I owe my life and give my everlasting
thankfulness to you, and I thank God so much for giving me a family I can love.

For some individuals not stated above but helped me in some ways, thank you so

much!
TO GOD BE ALL THE GLORY!

“Lab muna bago 1.ove”

ALQUIN V. ILAGAN



TABLE OF CONTENTS

TITLE PAGE

APPROVAL AND ACCEPTANCE
BIOGRAPHICAL SKETCH
ACKNOWLEDGEMENT

LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES

LIST OF APPENDIX TABLES
LIST OF APPENDIX FIGURES
ABSTRACT

1 INTRODUCTION

1.1  Background of the Study

1.2 Significance of the Study

1.3 Objectives of the Study

1.4  Scope and Limitations of the Study
1.5 Time and Place of the Study

2  REVIEW OF RELATED LITERATURE

2.1 Rice Husk Ash

2.2 Silica Nanoparticles

2.3 Nanotechnology

2.4 Polycaprolactone

2.5 Electrospun Fibers

2.6  Fiber Composites

2.7 Electrospinning
2.7.1 Theory and Principle
2.7.2 Electrospinning Process
2.7.3 Electrospinning Set-up

2.8  Phosphate Buffer Saline
2.9 Lidocaine

Page

11

111

X111
XV
XVi

Xvil

Wb B R

11
12
15
16

17
17
20

21
21



2.10 Cumulative Drug Release
2.11 UV-Vis Spectrophotometry
2.12  Characterization of Silica Nanoparticles

and Lidocaine-nanosilica/PCL Fiber Composites
2.12.1 Scanning Electron Microscopy

2.12.2 Fourier-Transform Infrared Spectroscopy
2.12.3 X-Ray Diffraction

METHODOLOGY
3.1  Reagents and Equipment
3.2 Synthesis of Silica Nanoparticles
3.2.1 Rice Husk Ash Preparation
3.2.2 Nanosilica Synthesis
3.3 Loading of Lidocaine on Silica Nanoparticles
3.4  Preparation of Lidocaine-Nanosilica/PCL Solutions
3.5  Electrospinning of Lidocaine-loaded Nanosilica/PCL Solutions
3.6 Preparation of Phosphate Buffer Saline
3.7  Characterization of the Synthesized Silica Nanoparticles
3.8  Characterization of Lidocaine-loaded Nanosilica/PCL
Fiber Composites
3.9  Drug Release Test
3.9.1 UV-Vis Spectrophotometric Calibration Curve
3.9.2 Cumulative Lidocaine Release Test
3.10 Statistical Analysis
RESULTS AND DISCUSSIONS
4.1  Synthesis of Silica Nanoparticles
4.1.1 FTIR Analysis of Silica Nanoparticles and
Rice husk Ash
4.1.2 Scanning Electron Microscope Analysis
4.1.3 X-Ray Diffraction
42 Optimization of Solvent Concentration on
Polymer Solubility
43  Characterization of Electrospun Fiber Composites
4 3.1 Fourier Transform Infrared Analysis
4.3.2 Scanning Electron Microscope
44  Lidocaine Release Analysis

22
25

26
27
28

34
34
35

36

37
39
4]

42
42

44
48



5 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1  Summary
5.2 Conclusions
5.3 Recommendations

LITERATURE CITED

APPENDICES

53
54
55

57

63



Table No.

2.1

2.2

3.1

4.1

472

LIST OF TABLES
Title

Effects of electrospinning parameters on the fiber morphology
Phosphate buffer specifications commercially available
Lidocaine-loaded PSN/PCL formulations

Chemical composition of PBS solution

Peaks observed with corresponding functional group
in the IR spectrum of Fiber composites and silica nanoparticles

Average, minimum, and maximum diameter
size of fiber composites

Page

19
21
31

32

44

47



Figure No.

2.1
2.2
2.3
2.4a
2.4b
2.4c
2.4d

2.5

2.6

2.7

2.8

2.9

2.10

211

4.1

4.2

LIST OF FIGURES
Title

Molecular network structure of porous silica
Reaction diagram of silica precipitation
Polycaprolactone repeating unit

Initiation step for anionic ROP

Initiation step for cationic ROP

Initiation step for the monomer-activated ROP
Inttiation step for the coordination-insertion ROP

Infrared spectrum of bulk PCL 1n the
region 1000-3000 cm™

A modified schematic representation of
electrospinning set up

Chemical structure of Lidocaine

Theoretical representation of nanosilica
and lidocaine interaction

Calibration curve of Lidocaine
SEM images of chitin/nanosilica composite scaffolds

Fourier transform infrared spectra of silica
produced from RHA

XRD pattern of porous silica
FTIR spectra of rice husk ash and silica nanoparticles

Size distribution histogram of synthesized silica nanoparticles

Page

13
13
13
14

14

14

20

22

23
25

26

27

28

39



4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

SEM image of synthesized silica nanoparticles
XRD diagram of silica nanoparticles

F’l_"IR spectra of electrospun fiber composites
with different nanosilica concentration

SEM image of ¢lectrospun Composite A
SEM image of electrospun Composite B
SEM image of electrospun Composite C
SEM image of electrospun Composite D
Cumulative lidocaine release from silica nanoparticles

Lidocaine cumulative release of fiber
composites after 74h time interval

xiv

40

41

43

45

45

46

46

49

50



LIST OF APPENDICES

Appendix No. Title

Page
1 Schematic diagram of procedures 63
2 Standard calibration curves 64
3 Data tables and statistical analysis 65
4 Additional results from SEM analysis of
fiber composites 67
5 Documentation for the conduct of the study 69

XV



Table No.

(%]
—

3.2

3.4

LIST OF APPENDIX TABLES
Title

Lidocaine loading on silica nanoparticles
Analysis of variance of fiber diameters of composites

Lidocaine percentage cumulative release from
silica nanoparticles

Lidocaine percentage cumulative release from
fiber composites

Page

65

65

66

66



Figure No.

1.1

2.1

2.2

4.1

4.2

4.3

44

51

52

53
54

5.5

LIST OF APPENDIX FIGURES
Title

Flow chart of the procedures in the study

Lidocaine standard calibration curve for drug loading
and cumulative release from silica nanoparticles

Lidocaine standard calibration curve for cumulative
drug release from fiber composites

SEM image and size distribution histogram
of Composite A

SEM image and size distribution histogram
of Composite B

SEM 1image and size distribution histogram
of Composite C

SEM image and size distribution histogram
of Composite D

Preparation of rice husk ash and synthesis
of silica nanoparticles

Drug loading and preparation of fiber composite
solutions with optimization

Electrospinning, collection and drying of fiber composites
SEM and FTIR analysis of fiber composites

Cumulative lidocaine release analysis

xvil

Page

63

64

64

67

67

63

68

69

70
71
71

72



SYNTHESIS, CHARACTERIZATION, AND DRUG RELEASE PROPERTIES
OF LH)OCAINE-LOADED POROUS (RICE HUSK) NANOSILICA/
POLYCAPROLACTONE FIBER COMPOSITES!

ALQUIN V. ILAGAN

ABSTRACT

.Backgmupd: Prolonging drug release has acknowledged much research using
incorporation of drugs in biocompatible fiber composites that permit drugs to be
released for longer fime periods in a controlled manner to help solve biological and
medical problems. In this study, lidocaine-loaded nanosilica/PCL fiber composites
with differing amount of nanosilica incorporated to the polymer solution were
evaluated for cumulative rcleasc to examine the protracting cffect of silica
nanoparticles on the release of lhidocaine from fiber composites to the PBS solution.
Methods: Rice husk samples were ashed at 650°C for 6h, digested with 2.5N NaOH
for 4h, precipitated with SN H2SO4, aged for 24h, and dried at 80°C for 24h to
produce silica nanoparticles and were examined using FTIR, SEM, and XRD.
[idocaine was loaded to silica nanoparticles using 300mg of each component stirred
for 6h, centrifuged, and collected to determine the initial amount of lidocaine loaded
{o the nanoparticles, The electrospun composites were evaluated for cumulative
release immersed in PBS solution and shaken at 100 cycles/min. The absorbance of
each solution was determined at time intervals: 2, 4, 26, 49, 72, and 74h. Results:
The average diameter of nanosilica was determined to be 15.94 nm and had
amorphous and nontoxic character, After 74h time period, each composite achieved
release equilibrium at time between 72 and 74h. FTIR analysis confirmed the
presence of relative functional groups for nanosilica and fiber composites. The
cumulative release percentage of fiber composites established that the highest
nanosilica content (5 wi%) gave the lowest released amount of 45.99% compared
to 55.96% for 3 wt%, 59.60% for 1 wt%, and 88.58% for pure PCL. Conclusion:
Drug loading and incorporation of silica nanoparticles from rice husk ash to
fabricate fiber composites can prolong and improve drug release characteristics.

Keywords: Rice husk ash, silica nanoparticles, lidocaine, drug loading,
electrospinning, Polycaprolactone (PCL), lidocaine-loaded nanosilica/PCL fiber
composites, cumulative drug release.

I An undergraduate thesis presented to the Faculty of the Department of Chemistry, College
of Arts and Sciences, Central Luzon State University, Science City of Muiioz, Nueva Ecija
in partial fulfillment of the requirements for the degree of Bachelor of Science in
Chemistry. Under the supervision of Associate Professor Juvy J. Monserate, Science
Research Specialist Rodel M. Bulatao and Associate Professor Joel R. Salazar. June 2017.
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