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FOREWORD
ANDREA EDGINTON 

ASSOCIATE DIRECTOR, GRADUATE STUDIES AND RESEARCH    

SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO 

Welcome students, post-doctoral fellows, faculty, staff and friends to the School of 

Pharmacy’s 3rd Annual Research Day. We take this day to celebrate the exceptional 

research that our graduate students, post-doctoral fellows and faculty pursue and that 

our staff supports. Our research encompasses a broad range of medication-centric 

topics and fully integrates with the School of Pharmacy’s vision:

To lead transformative change in the development and use of medications for the 

improvement of human health.

When the School entered its first cohort of BScPharm Students in 2008, the year I 

began as a faculty member, we did not have a building, we had a handful of faculty and 

we had no graduate program. Over time, I witnessed a group of dedicated, innovative, 

resilient people build, from the ground up, an enviable research enterprise within a 

highly collegial environment. Through the extraordinary efforts of our faculty and 

staff, we began the MSc program in 2011 and the PhD program in 2013. 

Our graduate students, past and present, have helped shape the graduate program and 

have greatly contributed to the success of the School. These students, some of whom 

you will interact with today, infuse us all with ideas, energy and resolve while making 

significant contributions to local and global scientific, academic, and healthcare 

communities. I encourage you to speak with them today about their research 

questions/methods/results. We are proud of their successes because we know what it 

takes to get there. 

In closing, I consider myself fortunate to be able to intellectually interact with such a 

dynamic research community on a daily basis. I hope you enjoy your day and thank 

you for joining us!

marecchi
Stamp



Dr. Mamdani is the Founding Director of the Li Ka Shing Centre for Healthcare Analytics 

Research and Training (LKS-CHART) of the Li Ka Shing Knowledge Institute of St. 

Michael’s Hospital in Toronto. He is also Professor in the Department of Medicine of the 

Faculty of Medicine, the Leslie Dan Faculty of Pharmacy, and the Institute of Health Policy, 

Management and Evaluation of the Dalla Lana Faculty of Public Health. He is also adjunct 

Senior Scientist at the Institute for Clinical Evaluative Sciences (ICES). Dr. Mamdani also is 

a member of the Human Drug Advisory Panel of the Patented Medicine Prices Review 

Board (PMPRB) and is a co-Principal Investigator of the Ontario Drug Policy Research 

Network (ODPRN). Prior to his position at the LKS-CHART, Dr. Mamdani was the 

Founding Director of the Applied Health Research Centre (AHRC) of the Li Ka Shing 

Knowledge Institute of St. Michael’s Hospital, which is Toronto’s leading academic research 

organization focused on the design and implementation of multicentre clinical research 

initiatives. In 2010, Dr. Mamdani was named among Canada’s Top 40 under 40. Prior to 

joining the Li Ka Shing Knowledge Institute and St. Michael’s Hospital, Dr. Mamdani was a 

Director of Outcomes Research at Pfizer Global Pharmaceuticals in New York. Dr. 

Mamdani’s research interests include pharmacoepidemiology, pharmacoeconomics, and 

drug policy. He has published over 450 research studies in peer-reviewed medical journals, 

including leading journals such as the New England Journal of Medicine, the Lancet, the 

Journal of the American Medical Association, the British Medical Journal, and Annals of 

Internal Medicine. Dr. Mamdani obtained a Doctor of Pharmacy degree (PharmD) from the 

University of Michigan (Ann Arbor) in 1995 and subsequently completed a fellowship in 

pharmacoeconomics and outcomes research at the Detroit Medical Center in 1997. During 

his fellowship, Dr. Mamdani obtained a Master of Arts degree in Economics from Wayne 

State University in Detroit, Michigan. He then completed a Master of Public Health degree 

from Harvard University in 1998 with a concentration in quantitative methods, focusing on 

biostatistics and epidemiological principles.

MUHAMMAD MAMDANI, PharmD, MA, MPH  

DIRECTOR, LI KA SHING CENTRE FOR HEALTHCARE ANALYTICS RESEARCH & 

TRAINING, LI KA SHING KNOWLEDGE INSTITUTE  OF ST. MICHAEL'S HOSPITAL 

PROFESSOR, UNIVERSITY OF TORONTO

KEYNOTE SPEAKER
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PROGRAM 

David Edwards, Hallman Director, School of Pharmacy
Associate Dean, Faculty of Science, University of Waterloo

9:05 a.m. – 10:05 a.m.    KEYNOTE PRESENTATION 
Muhammad Mamdani, Director, Li Ka Shing Centre for Healthcare Analytics Research 
and Training, Li Ka Shing Knowledge Institute, St. Michael's Hospital
Professor, University of Toronto

Shannon Callender, PhD Candidate, School of Pharmacy 

Unlocking the multi-drug delivery potential of microemulsion systems 

10:15 – 10:45

Yejin Yun, PhD Candidate, School of Pharmacy

Model Qualification of PK-Sim® in extrapolating pharmacokinetic parameters for CYP enzyme 

metabolized compounds in children

Heidi Fernandes, MSc Candidate, School of Pharmacy

Lokesh Narsineni, PhD Candidate, School of Pharmacy

Development of multi-functionalized gemini nanoparticles for non-viral neurotrophic factor 

gene delivery to the retina

9:00 a.m. – 9:05 a.m.    DIRECTOR’S WELCOME PHR 1004

10:45 – 11:15

11:45 – 12:15

10:05 a.m. – 10:15 a.m.    REFRESHMENT BREAK

Uptake of travel health services by community pharmacies and patients following pharmacist 

immunization scope expansion in Ontario, Canada

Research, Life, and the Pursuit of Happiness: A Journey to Finding Your Inner Research Child

Introduction by Colleen Maxwell

11:15 – 11:45

PHR 1004

10:15 a.m. – 12:15 p.m.    ORAL PRESENTATIONS PHR 1004

marecchi
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Provided for all registrants

Andrea Edginton, Associate Professor; Associate Director, Graduate Studies and Research, 
School of Pharamcy

12:15 p.m. – 1:45 p.m.    POSTER PRESENTATIONS PHR Lobby

Amy Pham, PhD Candidate, School of Pharmacy 

Ways to reclaim a world without Alzheimer’s

1:45 – 2:15

Jacky Yu, MSc Candidate, School of Pharmacy

Exploring methods to predict an individual's pharmacokinetic profile when switching between 

factor concentrates in hemophilia A

Mohamed Aborig, MSc Candidate, School of Pharmacy

Paul Malik, PhD Candidate, School of Pharmacy 

Biodistribution and physiologically-based pharmacokinetic modelling of gold nanoparticles in 

mice with interspecies extrapolation

2:15 – 2:45

3:15 – 3:45

1:45 p.m. – 3:45 p.m.   ORAL PRESENTATIONS PHR 1004

2:45– 3:15      Sadaf Faisal, MSc Candidate, School of Pharmacy

User feedback of electronic medication adherence products for older adults: A qualitative 

analysis

12:15 p.m. – 1:45 p.m.   LUNCH PHR Lobby

3:45 p.m.  – 4:00 p.m.   CLOSING REMARKS PHR 1004



ORAL PRESENTATIONS

Unlocking the multi-drug delivery potential of 
microemulsion systems

*CORRESPONDING AUTHOR

RESEARCH ABSTRACTS

Background:  There is a growing need for multi-drug therapies given the increasing 

impact of concurrent diseases in Canada.(1) Current multi-drug delivery options are 

limited and inefficient. Microemulsions, with their nano-size droplets, 

thermodynamic stability and spontaneous formation, are an effective multi-drug 

delivery tool. However, for the past 40 years, they have primarily been used in single-

drug delivery.(2) This work explores the capability of two non-ionic surfactants, 

Polysorbate 80 and Cremophor RH 40, to produce a microemulsion formulation with 

the capacity to encapsulate and deliver multiple active pharmaceutical ingredients 

(APIs) simultaneously. Our proof-of-concept system is a prenatal supplement 

containing 11 APIs of varying hydro- and lipophilicity. Methods & Results: Ternary 

phase diagram analysis was performed on a list of surfactants and oils to determine the 

extent of microemulsion formation. A 3:1 surfactant ratio of Polysorbate 80: 

Cremophor RH 40 demonstrated superior type IV microemulsion formation potential. 

Five lipophilic and six hydrophilic APIs were successfully incorporated into this 

formulation followed by droplet size and zeta potential measurements via dynamic 

light scattering using a Malvern Zetasizer Nano ZS. Droplet sizes as low as 88 nm were 

recorded. Dissolution studies demonstrated a 90% increase in drug recovery over that 

of a popular commercial prenatal supplement. Conclusion:  We have demonstrated 

that microemulsions possess the capacity to incorporate and solubilize multiple APIs 

of varying lipophilicity with particular attention to surfactant type. To our knowledge, 

this is the first time these systems have been used in this capacity to deliver eleven (11) 

active ingredients as a multi-therapy option. References:  1. Public Health Agency of 

Canada. Economic Burden of Illness in Canada 2014. 2005–2008. 2. Callender, S., 

Mathews, J., Kobernyk, K., Wettig, S. Int J Pharm 2017, 1, 425-442. DOI: 10.1016/
j.ijpharm.2017.05.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO 

SHANNON CALLENDER1,*, SHAWN WETTIG1



Model Qualification of PK-Sim® in extrapolating 
pharmacokinetic parameters for CYP enzyme 
metabolized compounds in children

 YEJIN YUN1,*, ANDREA EDGINTON1

Background: Pediatric physiologically based pharmacokinetic (PBPK) models 

facilitate the estimation of PK parameters in children under a specific exposure 

condition. In human health risk assessment, PBPK modeling has been used to 

determine a chemical-specific human variability toxicokinetic adjustment factor 

(HKAF). In this study, model qualification of pediatric PBPK models was performed 

for compounds that are primarily metabolized by CYP enzymes. The research 

objectives were (i) to evaluate the appropriateness of the virtual individual creation 

algorithm in PK-Sim® in predicting PK parameters and their variability in children and 

(ii) to identify critical input parameters. Methods: Using a well-developed pediatric 

PBPK modeling workflow [1], PBPK models were constructed for 10 pharmaceuticals. 

Several age groups of virtual pediatric individuals (n=100) were created to represent 

children in pediatric clinical studies. The mean and variance of simulated PK 

parameters were compared to observed values. Sensitivity analysis on area under the 

curve (AUCinf) was performed to identify the most critical input parameters. Results: 

In terms of prediction performance, 84% of the comparisons between simulated and 

observed clearance values were within 2-fold error. The mean fold errors by age group 

were 1.2, 1.1, 0.7 and 1.8 in adolescents, children, infants and neonates, respectively. 

The sensitivity analysis revealed that fraction unbound in plasma, parameters related 

to CYP enzyme mediated metabolism and liver volume were most important in the 

estimation of pediatric exposure. Conclusion: The presented results of predictive 

performance increase the confidence in the use of PK-Sim for pediatric PBPK 

modelling in the various toxicological applications including PBPK-based-HKAF 

derivation. [1] Maharaj AR, Edginton AN. 2014. CPT Pharmacometrics Syst 

Pharmacol, 3(11): 1-13.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON
*CORRESPONDING AUTHOR
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Uptake of travel health services by community 
pharmacies and patients following pharmacist 
immunization scope expansion in Ontario, Canada

HEIDI FERNANDES1,*, SHERILYN HOULE1, KRISTINA KOZLOVSKY2, ZAHAVA ROSENBERG-
YUNGER3 

Background: In December 2016, the scope of pharmacist-administered 

immunizations expanded to include 13 vaccine-preventable diseases in addition to the 

influenza vaccine – many of which are travel-related. It is unknown whether this scope 

expansion would be embraced by community pharmacists or advance travel health 

services within community pharmacies. Objectives: This study examined travel health 

services in Ontario community pharmacies following this scope change in order to 

determine the initial impact of this legislative modification on pharmacy practice and 

patient care. Methods: This mix-methods study collected quantitative data through 

surveying Part A community pharmacists practicing in Ontario. This was followed by 

conducting qualitative interviews. Survey results were analyzed using descriptive 

statistics, and interviews were analyzed using a qualitative modified thematic 

approach. Results: A total of 178 pharmacists (n=205) completing the survey were 

authorized to administer injections. The majority reported (78%) that they administer 

travel vaccines (defined as all vaccines currently within scope other than influenza), 

and 88% reported charging a fee, most commonly $20. However, 94% report 

administering fewer than 10 of these vaccines per month. Interviewees (n=6) identified 

the following barriers: the inability to prescribe, the need for additional knowledge and 

skills in travel medicine, patient unawareness of pharmacists’ scope, and the lack of 

remuneration for vaccination services. Conclusion: A multi-pronged approach is 

required to address low uptake of these services, such as further legislative expansion 

to include prescribing authority, additional training opportunities in travel medicine, 

enhanced funding for immunization services, and support in navigating the business 

aspect of travel medicine.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON 

*CORRESPONDING AUTHOR

2SANOFI PASTEUR, TORONTO, ON 
3TED ROGERS SCHOOL OF MEDICINE, RYERSON UNIVERSITY, TORONTO, ON



Development of multi-functionalized gemini 
nanoparticles for non-viral neurotrophic factor gene 
delivery to the retina

Background and Purpose: The main objective was the development of a new 

generation of nanoparticle (NP) system based on Ig-superfamily (IgSF) peptide 

modified di-cationic amphiphiles (m-s(P)-m) for targeted delivery of neurotrophic 

factor genes to the retina.  Methods: Five IgSF-Peptide (P1-5) modified m-s(P1-5)-m 

gemini surfactants (m-alkyl tail [12-18 C], s-spacer 7C with imino-peptide 

substitution) were synthesized and purified using prep-HPLC and analyzed by ESI-

MS, 1H- NMR and HPLC.  NPs constructed from m-7N(P1-5)-m and gWIZ-GFP 

plasmid were optimized at various ratios and assessed for size, zeta potential, 

transfection efficiency (TE) and toxicity in A7 astrocytes using flow cytometry and 

confocal microscopy. Penetration studies were performed in an Epicorneal tissue 

equivalent model. Molecular docking studies were performed using Biovia discovery 

studio to assess the bonding interaction (BI) of m-7N(P1-5)-m compounds with 

integrin receptors. In-vivo studies were performed in 6-week old CD1 mice (n=4 eyes/

group); m-7N(P1 and P3)-m-NPs and 18-7NH-18 NPs were injected intravitreally 

containing 0.5 µg tdTomato plasmid/2µL dose, Lipo 3000 and normal saline as 

controls. Whole retinas were isolated and gene expression was evaluated by CLSM.  

Results:  m-7N(P1 and P3)-m-NPs with 5:1 charge ratio, 220.96±2.5nm and 257.4±3.2 

nm size and +30 ± 0.2 mV and +37.13± 0.5 mV zeta potential, respectively, were 

selected for in vivo studies. m-7N(P3)-m NPs showed improved TE compared to 

m-7NH-m and Lipo 3000 NPs, 15.36±1.5%, 10.97±0.4% and 12.07±1% (n=6), 

respectively, and >90% viability. NP penetration studies in the Epicorneal model 

showed 90±20µM penetration of the m-7N(P1 and P3)-m-NPs compared to 30±10µM 

for m-7NH-m NPs . In-silico studies showed superior BI of m-s(P1)-m and m-s(P3)-m 

with α5β3 integrin receptors, -83.02 and -89.48, respectively, versus -27.95 with 

m-7NH-m. Intravitreal m-s(P3)-m-NPs treated mice showed higher reporter gene 

expression pattern in the retinal layers compared to m-s(P1)-m, 18-7NH-18-NPs and 

controls. Conclusion:  IgSF-m-s(P3)-m NPs show potential for targeted non-viral gene 

delivery to the retina to treat ocular neurodegenerative conditions.

PHARMACY RESEARCH DAY 10

 LOKESH NARSINENI1,*, MARIANNA FOLDVARI1,2

*CORRESPONDING AUTHOR

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON
2 WATERLOO INSTITUTE FOR NANOTECHNOLOGY, UNIVERSITY OF WATERLOO, ON



Ways to reclaim a world without Alzheimer’s

AMY PHAM1,*, PRAVEEN NEKKAR RAO1

Background and Purpose: An age-related neurodegenerative disorder - Alzheimer’s 

disease (AD), the most prevalent cause of dementia, is characterized by the extensive 

disposition of both amyloid-beta (Aβ) plaques and neurofibrillary tangles (NFTs) in 

the brain. The progressive memory deficits and other disturbances in Alzheimer’s 

patients’ daily activities have often been observed and associated with significant social 

burden, eventually leading to the increase of morbidity and mortality. Because of the 

modest therapeutic benefit seen with currently available cholinesterase inhibitors and 

NMDA-receptor antagonist, it is critical to develop novel treatment options for AD. In 

this regard, our study aims to design, synthesize, and evaluate phenylthiazole based 

compound libraries as dual inhibitors of Aβ and tau aggregation to treat AD. Methods: 

A library of phenylthiazoles was synthesized and evaluated for their anti-amyloid 

aggregation activity in the presence and absence of Aβ using the thioflavin T (ThT)-

based fluorescence spectroscopy. The binding interactions were investigated by the 

computational studies. Results: These investigations have shown that phenylthiazole 

based derivatives are capable of preventing Aβ aggregation. Future studies such as 

transmission electron microscopy (TEM) experiments, tau aggregation assay and cell-

line studies will provide more insight on the potential of these novel compounds to 

treat AD.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON

*CORRESPONDING AUTHOR



Exploring methods to predict an individual's 
pharmacokinetic profile when switching between 
factor concentrates in hemophilia A

Background: Hemophilia is a bleeding disorder where an individual is unable to form 

clots. Hemophilia patients’ dosing regimens are generally guided by individual 

pharmacokinetic (PK) information. Population pharmacokinetic (PopPK) models that 

quantify how an individual deviates from a population, termed an “eta-value” (η), for 

any PK parameter, may help with predicting PK during the switching process. The goal 

of this study is to better predict individual PK of a new brand by using η-values in 

addition to the usual PopPK model. Methods: Individual PK of subjects (n=16; 

age=13-54) switching from Advate to N8 were obtained from Martinowitz et al. Three 

methods compared individual N8 PK outcomes, and used a N8 PopPK model. Method 

1 used no additional information; method 2 incorporated relevant covariates into the 

PopPK model; and method 3 incorporated covariates into the PopPK model in 

addition to using individually scaled ηs from the Advate PopPK model. Relative errors, 

regression slopes and 95% confidence intervals (CI) were calculated between the 

predicted and observed PK outcomes, where a 95% CI including a slope of 1 indicates a 

valid prediction. Results: Method 3 had the lowest mean relative errors and ranges 

across most PK outcomes. Regression slopes for methods 3 were closer to a slope of 1 

across all PK outcomes. Similar results were observed when predicting Advate from 

N8. Conclusions: Taking into account population and η-values when predicting 

another product’s PK was the most accurate means of predicting PK outcomes. 

Accurately predicting the PK of factor products may shorten the time for dose 

optimization.

2DEPARTMENT OF HEALTH RESEARCH METHODS, EVIDENCE, AND IMPACT, MCMASTER UNIVERSIT, HAMILTON, ON 
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JACKY YU1,*, ANDREA EDGINTON1, ALFONSO IORIO2, PIERRE CHELLE1

1SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO,  ON 



Background and Purpose: Medication management among older adults continues to 

be a challenge, and has led to the development of innovative electronic medication 

adherence aids to resolve this concern. The aim of this study was to examine user 

experience, with particular emphasis on features, usefulness of and preference for 

particular medication adherence aids. Methods: Older adults, healthcare providers and 

caregivers tested the usability of 22 electronic medication adherence products. After 

testing 5 different products, participants were invited to participate in a one-on-one 

interview focused on examining the features, usefulness, preference for and 

recommendations of products tested. The interviews were audio-recorded, transcribed 

and analyzed using exploratory inductive coding to generate themes related to use of 

these products. The first interview was independently coded by two researchers and 

matched to ensure consistency in coding. The percent agreement between the two 

reviewers was 78.5% after analyzing the first 13 interviews; a single researcher analyzed 

the remaining interviews. Results: Of the 37 participants, 21 (56.8%) were older adults, 

5 (13.5%) were caregivers and 11 (29.7%) were healthcare providers. The themes and 

sub-themes generated from the qualitative analysis include functionality (sub-themes: 

usability, simplicity, portability, modernity and accessibility), safety, storage capacity, 

affordability and behaviour (frustration, peace of mind, privacy and comfort). 

Conclusions: Functionality and storage capacity are important considerations when 

developing electronic medication adherence products. Older adults, caregivers and 

healthcare professionals prefer medication adherence products to be simple, safe to 

use, portable, with easy to access medication compartments and adequate storage 

capacity.

User feedback of electronic medication adherence 
products for older adults: A qualitative analysis

SADAF FAISAL1,*, JESSICA IVO1, AIDAN MCDOUGALL2, JILLIAN BAUER3, SARAH 
PRITCHARD3, FENG CHANG1, TEJAL PATEL1

*CORRESPONDING AUTHOR.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON
2 FACULTY OF APPLIED HEALTH SCIENCES, UNIVERSITY OF WATERLOO, ON
3 CENTRE FOR FAMILY MEDICINE FAMILY HEALTH TEAM, KITCHENER, ON



Background: Gold nanoparticles (AuNPs) are a focus of growing medical research 

applications due to their unique chemical, electrical and optical properties. Due to the 

uncertain safety of these products, "green" synthesis methods are emerging which use 

plant extracts for biological and environmental compatibility. Here we explore the 

biodistribution of green AuNPs in mice and prepare a physiologically-based 

pharmacokinetic (PBPK) model to guide interspecies extrapolation in the pre-clinical 

development of these nanoparticles as drug products. Methods: Monodisperse 

AuNPs were synthesized and capped with epigallocatechin gallate (EGCG) and 

curcumin. 64 CD-1 mice received the AuNPs by IP injection at 10 mg/kg. To assess 

biodistribution, groups of six mice were sacrificed at 1, 7, 14, 28 and 56 days and their 

organs were analyzed for gold content using ICP-MS methods. A PBPK model was 

developed to describe the biodistribution data in the mice. Organism-specific 

parameters were adapted to represent rats and the utility for interspecies 

extrapolation was evaluated with PK data for citrate-capped AuNPs from literature. 

Primary Results: The novel PBPK model included two-pore extravasation, 

transcytosis, phagocytosis, hepatocyte uptake, biliary excretion and lymph recycling. 

In the biodistribution data, liver and spleen displayed strong uptake with the PBPK 

model suggesting extravasation and phagocytosis as key drivers. Organ exposure 

predictions after interspecies extrapolation were successful for rats receiving citrate-

capped AuNPs with various sizes, doses and administration routes. Principal 

Conclusions: This work lays the foundation for the pre-clinical extrapolation of the 

pharmacokinetics of AuNPs from mice to larger species.

*CORRESPONDING AUTHOR.

Biodistribution and physiologically-based 
pharmacokinetic modelling of gold nanoparticles in 
mice with interspecies extrapolation

PHARMACY RESEARCH DAY  14

MOHAMED ABORIG1,*, PAUL MALIK1,*, SHRUTI NAMBIAR1, PIERRE CHELLE1, JOHNSON 
DARKO2,3,4, ANTHONY MUTSAERS4, ANDREA EDGINTON1, ANDRE FLECK2,5, ERNEST 
OSEI2,3,4,5, SHAWN WETTIG1

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON
2 GRAND RIVER REGIONAL CANCER CENTRE, GRAND RIVER HOSPITAL, KITCHENER, ON
3 DEPARTMENT OF PHYSICS AND ASTRONOMY, UNIVERSITY OF WATERLOO, ON
4 DEPARTMENT OF CLINICAL STUDIES, ONTARIO VETERINARY COLLEGE, UNIVERSITY OF GUELPH, ON
5 DEPARTMENT OF SYSTEMS DESIGN ENGINEERING, UNIVERSITY OF WATERLOO, ON



RESEARCH ABSTRACTS
POSTER PRESENTATIONS

Modified exosomes for extended intravitreal drug 
delivery

DEREK CHEN1, EMMANUEL HO1 

Background and Purpose: Intravitreal injection (IVI) is the only feasible method of 

drug delivery to the retina. However, IVIs are only suitable for drugs with large 

therapeutic indices and long half-lives, as drugs with less favorable properties would 

require an unfeasible number of IVIs. Success of IVI treatments are limited by 

compliance. There is a need to improve IVI systems to reduce injection frequency and 

allow for delivery of drugs with unfavorable properties. Hyaluronan is an aminoglycan 

found in high concentration in the vitreous humour, and several hyaluronan-binding 

domains have been identified. Nanotechnology is a tool that can be used in drug 

delivery to improve properties such as drug solubility, stability, and half-lives. 

Exosomes are cell-derived vesicles that can be used as drug delivery nanoparticles, as 

they have favorable biocompatibility and targeting properties. We hypothesize that 

conjugation of hyaluronan-binding peptides to exosomes can improve intravitreal 

retention time. Methods: Exosomes will be isolated from retinal cells using size 

exclusion chromatography. Drug release and stability will be evaluated after loading of 

exosomes with dexamethasone. Hyaluronan-binding peptide will be conjugated to the 

surface of exosome using a custom hyaluronan-binding assay. Exosome diffusion will 

be evaluated in excised bovine vitreous using fluorescence microscopy. Exosomes were 

characterized to contain surface protein marker, CD63. The hyaluronan-binding assay 

was validated using checkerboard titrations. Results: Size exclusion chromatography 

was moderately successful in isolating exosomes from cell culture supernatant. DLS 

revealed an average diameter of 57nm. TEM revealed that exosomes were round in 

morphology, but also revealed the presence of non-exosomal particles. Conclusions: 

Size exclusion chromatography may not be able to separate exosomes from similarly 

sized lipoproteins, which is a challenge faced by many other isolation methods. Better 

methods of isolating exosomes will need to be used to ensure that downstream 

experiments produce reliable data.

*CORRESPONDING AUTHOR.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON



Production of greenly synthesized copper/zinc 
nanocellulose compounds for use in combating 
antibiotic-resistant bacteriaAY1

Background and Purpose: The growing number of antibiotic resistant bacteria is 

becoming a public health crisis, and extreme estimates predict that antibiotic resistant 

infections could cause 10 million deaths a year by 2050. To address this, we are 

developing a novel compound of copper/zinc alloy nanoparticles attached to cellulose 

nanocrystals, which can kill bacteria without utilizing antibiotic pathways. Metal 

nanoparticles are known to kill bacteria by producing bactericidal metal ions and 

reactive oxygen species. We propose that copper/zinc nanoparticles will more 

effectively generate these bactericidal chemicals. Additionally, the cellulose template 

both stabilizes the metal nanoparticles and allows us to easily tune the metal loading of 

each dose. Methods: We have successfully attached copper nanoparticles to cellulose 

nanocrystals using completely green chemistry. In future steps, zinc will be added 

using a facile nanoparticle ripening strategy to generate the final copper/zinc 

nanocellulose compound. The generation of reactive oxygen species and metal ions 

from the final compound will be evaluated as a function of time. Finally, in vitro 

studies will be conducted to compare the bactericidal activity of the copper/zinc 

nanocellulose compound to that of traditional single metal nanoparticles. Predictions: 

We predict that our compound will generate a higher magnitude of metal ions and 

reactive oxygen species, and therefore kill bacteria more efficiently. In sum, we 

anticipate that copper/zinc nanoparticles bound to cellulose nanocrystals can kill 

antibiotic resistant bacteria with lower metal loading per dose than single metal 

nanoparticles.

*CORRESPONDING AUTHOR.
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CHRISTOPHER DEUTSCHMAN1,*, MICHAEL TAM1, MICHAEL POPE1

1DEPARTMENT OF CHEMICAL ENGINEERING, UNIVERSITY OF WATERLOO, ON



The usability, acceptability and feasibility of smart 
oral multidose dispensing systems for medication 
adherence: a scoping review KRISTINA ELLS1,*, WILLIAM WL 

*CORRESPONDING AUTHOR

Background and Purpose: In an effort to address poor adherence, medication 

management aids are being developed with integrated smart technology. However, little is 

known about their integration into daily use by patients or their impact on adherence. We 

conducted a scoping review to investigate the usability, and impact on adherence of smart 

oral multidose dispensing systems. Methods: Using Arksey and O’Malley’s framework for 

scoping review, we searched for relevant literature in PubMed, EMBASE, International 

Pharmaceutical Abstracts, and Scopus using search terms related to medication adherence, 

smart technology and dispensing system. Studies reporting on the use of smart multidose 

packaging in adults ≥18 years were included. Letters, editorials, non-English articles and 

published before 1960 were excluded. Two research team members screened the initial 150 

citations for eligibility after which the remaining citations were screened by a single 

researcher. Results: Of the 2638 citations, 1182 were duplicates, and 1371 were ineligible. 

Of 85 articles included for full text review, 18 articles met eligibility criteria, including one 

case study, 11 cohort studies and six randomized trials. Inter-rater reliability after the 

initial screen of 150 articles was high (kappa coefficient of 0.85). Smart medication 

dispensing aids included smart blister packs, automated dispensers and electronic 

medication trays. Studies reported outcomes as medication adherence, usability, 

acceptability and/or functionality and both parameters. Data abstraction is currently 

ongoing. Conclusion: Several different types of smart multidose medication dispensers 

have been researched. Their usability, acceptability and functionality may impact 

adherence, especially among different patient populations. The results of this scoping 

review will examine these factors.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON

 SADAF FAISAL1,*, TEJAL PATEL1, CATHERINE LEE1, CAITLIN CARTER1



1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON

*CORRESPONDING AUTHOR.
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Development and testing of a framework for the 
assessment of health-related risks among travellers 
by pharmacists in Ontario

Background: In December 2016, the scope of pharmacist-administered 

immunizations expanded in Ontario to include 13 vaccine-preventable diseases – 

many of which are travel-related. Pharmacists can positively impact the health of 

travelling patients but remain hesitant due to lack of confidence regarding travel-

related care and lack of direction on its integration into existing practice. Purpose: 

My project aims to support the uptake of pharmacists as healthcare providers in travel 

medicine by creating an evidence-based framework that pharmacists can apply to 

guide their assessment of travelling patients. Methods: The framework is divided into 

2 phases: development and assessment. The framework will be developed by a panel 

of experts comprised of healthcare professionals who have achieved their Certificate 

of Travel Health from the International Society of Travel Medicine. This panel will 

generate travel medicine content to be validated using the Content Validity Index 

(CVI). Once the items have been finalized by the panel, the framework will be tested 
in practice. Community pharmacists and 4th year PharmD clinical rotation students 

are the participants. The framework’s feasibility and impact on pharmacy practice will 

be assessed via pre- and post-test online surveys. Results: 9 experts were recruited: 7 

pharmacists and 2 physicians. The content items were finalized to 64 from an initial 

114. An average-CVI of the final items was calculated to be 0.9375, indicating 

acceptable content validity. The framework is currently in its testing stage with results 

pending. Conclusion: Pharmacy practice may evolve in Ontario from the first travel 

medicine framework of its kind for pharmacists.

HEIDI FERNANDES1,*, SHERILYN HOULE1



Background and Purpose: Countless formulations of lipids, surfactants, and 

polymers have been studied as non-viral gene delivery vectors but, despite being 

easier to produce, more biocompatible and biodegradable, and less immunogenic and 

toxic than viral vectors, low transfection efficiency is a common problem. While it is 

known that transfection efficiency is significantly influenced by how DNA interacts 

with the non-viral vector, the effect of interactions between components of the non-

viral vector on transfection efficiency is less understood. To answer these questions, 

insight into how the components of the non-viral vector interact is needed. Methods: 

This work aimed to explore the mixing behaviour of the components of a simple 

lipoplex type non-viral vector formulated using a gemini surfactant (GS, either 

18-7-18 or 18-7NH-18) and the lipid 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine 

(DOPE). A Langmuir trough was used to study 18-7-18:DOPE and 

18-7NH-18:DOPE mixed monolayers with compositions ranging from XGS = 0 to XGS 

= 1 under neutral and acidic conditions. Results: Gibbs excess energy, a measure of 

the synergism between the GS and DOPE, was then derived from the isotherms 

collected. In general, GS and DOPE were found to be synergistic but, the degree of 

synergism was dependent on factors that affected the strength of electrostatic 

interactions, namely, GS structure, XGS, and pH. XGS = 0.6 18-7-18:DOPE and 

18-7NH-18:DOPE mixed monolayers at pH 7 and pH 4, respectively, were the most 

stable while the XGS = 0.8 18-7-18:DOPE mixed monolayer at pH 4 was the least 

stable.
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Background: Alzheimer’s disease (AD) is a degenerative brain disorder and a major 

cause of dementia for which currently there is no cure. AD is characterized by two 

pathological hallmarks – extracellular deposits composed primarily of amyloid β-

protein (Aβ) fibrils and intracellular, hyperphosphorylated tau fibrils. Genetic 

evidence from early-onset familial AD and sporadic forms of AD, have indicated that 

Aβ assembly into β–sheet rich aggregates is a crucial, early-stage, neurotoxic element 

in AD. This discovery led to the development of Aβ aggregation inhibitors as a 

strategy to treat AD and related cognitive decline. Objectives: (i) Design and synthesis 

of a library of novel heterocycles, pyrazino[1,2-a]indol-1(2H)-ones, with various 

electronic and steric substituents and (ii) their evaluation as Aβ aggregation 

inhibitors. Experimental Methods: Initially the molecules were designed using the 

computational chemistry software Discovery Studio Structure-Based-Design (BIOVIA 

Inc, USA). Based on this, a small library of pyrazino[1,2-a]indol-1(2H)-ones were 

synthesized and were characterized by analytical techniques including nuclear 

magnetic resonance (NMR) spectroscopy, mass spectrometry (MS) and liquid 

chromatograph mass spectrometry (LCMS) experiments. Currently, these compounds 

are being evaluated to assess their anti-aggregation properties using Aβ40 and 

Aβ42 peptides using fluorescence spectroscopy. Results: Preliminary results have 

shown that pyrazino[1,2-a]indol-1(2H)-ones derivatives are capable of preventing AD

aggregation. These results obtained will be further confirmed by conducting 

transmission electron microscopy (TEM) experiments. Conclusions: It is anticipated 

that the structure-activity relationship studies (SAR) obtained will provide new 

concepts in designing anti-AD agents aimed at AD.
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Background and Purpose: Sodium alginate (SA) is a polysaccharide widely used in 

pharmaceutical industry as hydrogel former and coating material. SA has attracted 

new research interest due to its ability to enhance dissolution of insoluble drugs as a 

carrier for amorphous solid dispersion (ASD) since 2015. However, simply increasing 

the drug dissolution rate under sink condition is often insufficient to improve 

bioavailability in vivo because the dissolved drugs tend to recrystallize in 

gastrointestinal tract. There has been a rising realization that achieving and 

maintaining supersaturation for an insoluble drug under non-sink conditions are key 

determinants for the design of ASDs. The objective of this study is to test the solution 

properties of SA with indomethacin (IDM) as model drug. Methods: A non-sink 

dissolution condition was designed to test the SA effect on the dissolution 

enhancement of crystalline IDM and the recrystallization inhibition of dissolved 

IDM. A fixed IDM dose of 10*solubility was used. Results: SA shows ability to 

increase the dissolution rate of crystalline IDM and inhibit the recrystallization of 

dissolved IDM in water under a non-sink condition, depending on the drug-SA ratio. 

No micelle formation was observed upon formulation dissolving. The viscosity and 

pH of SA solutions are considered as main factors improving the kinetic-solubility 

profile of IDM. Conclusions: SA’s supersaturation property is confirmed. For the 

benefits of small molecule pharmaceutical industry, ternary ASD systems based on SA 

and other excipients may be designed as well. These applications will be tested by 

more insoluble compounds.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON

*CORRESPONDING AUTHOR.

JIAHAO HUANG1, SHAWN WETTIG1

Redeveloping a traditional pharmaceutical 
excipient: supersaturation potential of sodium 
alginate to improve the kinetic-solubility profile of 
insoluble drugs



Background: Sexually transmitted infections (STIs) are a growing healthcare concern 

with the human immunodeficiency virus (HIV) being responsible for over 1 million 

deaths and 1.8 million new infections around the world in 2017. In spite of various 

researches and efforts, these numbers remain high. A recent clinical trial, CAPRISA 

004, evaluated the efficacy of 1% tenofovir gel to prevent the transmission of HIV in 

women. The study showed that tenofovir was highly effective in preventing HIV 

infection. But, the presence of vaginal inflammation rendered tenofovir ineffective. 

Acetylsalicylic acid, an anti-inflammatory drug, has been shown to reduce the HIV 

target cells in the vaginal tract. Hypothesis: We hypothesize that our scaffold-

nanoparticle system will actively target the delivery of TFV and ASA into the CD4+ 

T lymphocytes over an extended period, thereby reducing the activation of T cells 

and reducing HIV infection. Methods: In our research, we plan to deliver tenofovir 

along with acetylsalicylic acid formulated as nanoparticles to increase the potency of 

tenofovir thereby reducing the risk of HIV infection. The drug nanoparticles will be 

delivered intravaginally by loading them on a 3D printed scaffold. 3D printing 

parameters such as infill density and print pattern will be optimized to achieve a 

prolonged drug release to overcome the issue of adherence. The drug loaded scaffold 

will be evaluated for cytotoxicity and immune activation in-vitro. HIV infection 

studies will also be performed on humanized mouse model to evaluate the 

effectiveness of the combination therapy. Conclusions: This is the first study to 

evaluate the efficacy of 3D-printed scaffolds for the combination delivery of TFV and 

ASA-loaded nanoparticles for the prevention of HIV infection. The availability of a 

safe and efficacious microbicide formulation for woman can empower them and help 

control the spread of HIV infection drastically.
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3D printed intravaginal scaffolds for the delivery of 
nanomedicines as a strategy to prevent HIV 
infection
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ARASH SHAKERI1,*, PRAVEEN NEKKAR RAO1

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder 

characterized mainly by memory impairment and global decline in overall cognitive 

functions. Accumulation of intracellular neurofibrillary tangles (NFT), extracellular 

amyloid beta (Aβ) plaques, decline of acetylcholine concentration in the central 

nervous system along with oxidative stress and mitochondrial dysfunction are the 

underlying pathology of AD. AD is the leading cause of dementia across the world, 

with an aging population and no viable treatment insight, the necessity for developing 

multi-target treatments has been the main focus of AD research in recent years. We 

are developing small molecules based on an adamantane ring to target Aβ and tau-

aggregation. Methods: Adamantane derivatives with various substituents were 

synthesized. The compounds were characterized by nuclear magnetic resonance 

spectroscopy and mass spectrometry. The Aβ-aggregation inhibition studies were 

conducted using full length Aβ40 peptide based on a ThT based fluorescence assay. In 

addition, molecular modeling studies were conducted using the Discovery Studio 

software to explore the interactions of test compounds with steric zipper assembly of 

tau-hexapeptide and using the dimer assembly of Aβ-peptide. Results: The 

aggregation kinetic studies show that adamantane derivatives are capable of affecting 

various stages of aggregation including increasing duration of the lag phase, reducing 

the growth phase and an ability to prevent fibril formation. Conclusion: We 

synthesized, adamantane based molecules as potential anti-AD agents. By utilizing 

computational modeling and biological assays, we show that these molecules can 

inhibit the amyloid beta and tau-hexapeptide aggregation. Preliminary data 

demonstrate that our novel adamantane derivatives inhibit amyloid beta aggregation 

by stabilizing Aβ monomers and early formed oligomers.
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Developing a complex network model to predict 
HBV incidence in Ontario

FENG TIAN1, WILLIAM WL WONG1

Background: Contact networks play an important role in hepatitis B virus (HBV) 

transmission. Building complex network models can promote the prediction of HBV 

epidemic growth, thereby enhancing the accuracy of future cost-effectiveness analyses 

of HBV. Methods: By combining multi-agent systems and complex networks, we 

developed an agent-based model (ABM) that accommodates differential selectivity, 

behavior, and network properties to explain the HBV epidemic. We simulated the 

entire Ontario population, stratified by age, gender, and immigration status. Everyone 

has their own sexual behavior, characterized by the rate of sexual activity, the number of 

sexual partners, and the type of partnership. We estimated parameters from literature-

derived estimates regarding Ontario demographics, epidemiology, and sexual behavior. 

Results: As the first step in developing a complex model, we validated its natural history 

section by comparing its prediction results with the results generated by our previously 

developed state-transition model (STM). All predictions generated by the two models 

closely match each other (including the lifetime probability of decompensated cirrhosis 

being 15.53% and 14.44% in our ABM and STM respectively; the lifetime probability of 

liver-related death being 20.04% and 19.16% in our ABM and STM respectively). Next, 

we will calibrate the simulated number of new HBV infections with the historical 

reported cases in Ontario. After extensive calibration and validation processes, the 

model will be used to project new HBV infections over the next 10 years. Conclusions: 

This complex network model reflects dynamics of HBV transmission, which enables 

forecasting of the epidemiology of HBV for policy-level decision making in Canada.
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YANNICK TRAORE1, YUFEI CHEN2, EMMANUEL HO1

Purpose: Microbicides are an excellent alternative to condoms to help reduce 

transmission of human immunodeficiency virus (HIV). We propose to develop a 

segmented combination IVR whereby one-half of the IVR will be loaded with 

hydroxychloroquine (HCQ), to induce a quiescent state in T-cells and the other half 

will be coated with a pH-responsive film for the rapid release of small interfering RNA 

(siRNA)-encapsulated nanoparticles (siRNA-NP) targeting CCR5 gene, triggered by an 

increase in vaginal pH due to the presence of seminal fluid as a strategy for preventing 

HIV infection. Methods: Solid lipid nanoparticle made of glyceryl monosterate and L-

α-phosphatidylcholine was used to encapsulate siRNA using double emulsion method, 

mixed with pH-sensitive polymer (Eudragit L100) and used to coat a matrix-type IVR 

segment, fabricated by injection molding from polyurethane. HCQ was loaded in a 

reservoir-type IVR segment. A release study was performed for each segment. The 

biocompatibility of the IVR was evaluated on cervicovaginal epithelial cell lines and on 

vaginal flora Lactobacilli. Results: IVR segments coated with a pH-sensitive polymer 

rapidly released fluorescent NP at pH8.2 (12.8 1.7%) at 4 hours’ time point but 

negligible amount at pH4.2 (0.26 0.042%). The reservoir-type IVR segment 

containing HCQ continuously released drug up to 21 days with a near zero-order 

release profile (R2 value =0.99) with a mean daily release of 17.01 3.6 g/mL. 

Conclusion: We describe an IVR system capable of controlled release of HCQ and also 

siRNA-NP at high pH.
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Background: The development of chimeric antigen receptor T-cells, or CAR T-cells 

has transformed oncology treatment, offering the potential to cure certain cancers. 

While shown to be effective in selected populations, the substantial usage of health care 

resources may potentially delay patient access to this type of treatment in the future. 

Our objective was to use a mathematical simulation model to estimate the potential 

impact of CAR T-cell therapy effectiveness with increasing wait-times, when compared 

to standard chemotherapy for large B-cell lymphoma patients. Methods: Using data 

from literature, we evaluated 6 scenarios with CAR T-cell therapy, with wait-times 

ranging from 1 to 6 months. The outcome of interest was all-cause mortality. Results: 

For a 1 to 6 month delay, we saw the one-year mortality increase from 36.12% to 

63.25%, respectively, compared to the baseline mortality of 34.0% among CAR T-cell 

Therapy users and 75.1% amongst chemotherapy users. This resulted in an increased 

relative mortality by 6.2% to 86.0% over a 1 to 6 month delay, respectively. In 

conclusion, we found that modest delays in CAR T-cell Therapy significantly hinder its 

efficacy. For researchers to generate reliable cost-effectiveness analyses for CAR T-Cell 

Therapy, system-level resource constraints and accurate methodologies need to be 

developed.
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JIN WANG1, EMMANUEL HO1

Background: Exosomes are nanosized (30–150 nm) extracellular vesicles secreted by 

various types of cells, playing an important role as natural transporters in mediating 

cell-to-cell interaction and communication. Recent studies have demonstrated that 

exosomes are new treatment strategy for promoting wound healing; however, utilizing 

exosomes as drug delivery carriers for improving therapeutic outcomes of drugs in 

wound healing have not been explored. Recruitment of macrophages to the wound bed 

and increased expression of degradation enzymes in wound fluid prevent traditional 

nanocarriers from efficiently delivering therapeutic agents deep into the tissue. 

Exosomes have huge potential to become effective carriers to deliver drug to the 

healing tissue, as the endogenous property of exosomes prevent themselves from rapid 

clearance in wound environment. Objectives: This research aims to develop human 

dermal fibroblasts-derived exosomes (hDFs-exosomes) as novel drug delivery carrier. 

Anti- fibrotic agent, salvianolic acid B (Sal B) will be encapsulated into hDFs-exosomes 

to form a drug delivery system for potential application in scar reduction of skin 

wound. Methods: 1. Isolation of hDFs-exosomes Exosomes will be harvested from the 

conditioned media of human dermal fibroblasts (CRL-2522) cultured in exosome-

depleted media using a novel affinity-based method. 2. Characteristics of hDFs-

exosomes 2.1 Size distribution The size distribution of hDFs-exosomes will be 

measured by Malvern zetasizer. 2.2 Transmission electron microscopy (TEM) 

Morphology of hDFs-exosomes will be observed by transmission electron TEM). 2.3 

Protein content-based characterization The total extracellular protein content of hDFs-

exosomes sample will be measured by BCA) assay. Surface markers of hDFs-exosomes 

will be identified and quantified by CD63 ELISA assay. A ratio of micrograms of CD63 

to total extracellular protein will be calculated to assess the purity of exosomes.
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Background: Pharmacists have critical roles in helping patients manage their 

prescription medications, and they represent the final opportunity to identify if the 

medication is indicated, effective, safe, and if the patient is willing and able to take it. 

Further, pharmacists are responsible for providing any final information on the 

prescribed medication before the patient takes the medication home. In Ontario, 

prescribers are not required to provide pharmacists with the reason for use (RFU) for a 

medication. As a result, to determine RFU information about a patient’s prescription, 

the pharmacist must either guess, ask the patient, or contact the prescriber— all options 

that are often unreliable and/or time consuming. Objectives: To determine the barriers 

and benefits that including RFU information would have on pharmacist practice. 

Methods: Twenty semi-structured interviews were conducted with practicing 

pharmacists in the Waterloo Region and GTA. Interview questions probed participants 

on the frequency with which RFU information was provided by prescribers, and details 

about how pharmacists would use RFU data. Interviews were recorded, transcribed and 

thematically coded. Results: Preliminary themes include barriers to implementation, 

benefits to pharmacy practice, and technological solutions to obtaining RFU 

information. Pharmacists indicated that having RFU information would aid in their 

ability to counsel their patients and allow them to better detect prescription errors, 

however getting prescribers to include RFU information on their prescriptions may 

prove challenging. Conclusion: These results can be used to better advocate for the 

inclusion of RFU information by prescribers to improve patient care.

1 SCHOOL OF PHARMACY, UNIVERSITY OF WATERLOO, ON

*CORRESPONDING AUTHOR

Determining the impact of reason for use information 
in pharmacy practice

PHARMACY RESEARCH DAY 28



ACKNOWLEDGEMENTS

Additional information about the School of Pharmacy can be found at   

uwas://uwaterloo.ca/pharmwacy/researchloo.ca/pharmacy  https://uwaterloo.ca/pharmacy/research

RESEARCH DAY WAS SPONSORED BY 




