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FOREWORD 
 

The School of Pharmacy and Pharmaceutical Sciences, Cardiff University, is the only school 
of pharmacy in Wales and is one of the top schools of pharmacy in the UK. Our students 
graduate well-prepared and satisfied, as seen by the consistently high pass rate in the 
pharmacist registration examination and high ranking in the National Student Survey 
respectively. 
 

In addition to supporting individual pharmacists in their initial and ongoing education and 
development, the School is active in research that has been independently judged to be 
predominantly of international standing, more than half of which is recognised as world-
leading or internationally excellent and with many interdisciplinary and external 
collaborators. Research at the School encompasses medicinal chemistry, drug delivery and 
microbiology, pharmacology and physiology, and pharmacy practice and clinical pharmacy, 
and it impacts on healthcare and pharmaceutical sciences throughout the UK and the world. 
Further information on the School’s research activities and degree programmes, along with 
contact details for academic staff can be found at http://www.cardiff.ac.uk/phrmy. 
 

At the Cardiff School of Pharmacy and Pharmaceutical Sciences, the combination of these 
strengths allows us to successfully deliver research-led learning and teaching. All of our 
MPharm students undertake a significant, independent Masters level research project in the 
final year of the four-year degree, and present and defend their research. The high numbers 
of well-qualified UK, EU and international students that we attract to our postgraduate 
diplomas and degrees also contribute significantly to our research output. 
 

This is the 18th year in which we have published the abstracts of our students’ research. 
Within this publication the student is the first named author, and collaborators and 
supervisors follow. An alphabetical list of authors appears in the index. 
 

Many thanks to our colleagues for their assistance in collating this book. 
 

Rhys Thomas, Dean Routledge & Justine Jenkins 
November 2020 
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A Rapid Review Exploring the Roles of Pharmacists in Identifying and Reducing 
Medication Administration Errors in Care Homes 

Hibah Ali and MW Smith 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff 

CF10 3NB, Wales UK 

Background: Medicines administration errors (MAEs) in care homes cost the NHS over 96.1 million a year.1 
Several studies report the benefits of Pharmacists deprescribing and undertaking medicine reviews in care 
homes2, however, the roles of Pharmacists identifying and reducing medicine administration error rates in care 
homes are underexplored.   

Aim: to conduct a rapid review to explore the role of Pharmacists identifying and preventing MAE in care home 
settings.  

Method: A rapid review was conducted according to methods in the World Health Organization Rapid Review: 
Practical Guide3 and results were reported according to the PRISMA statement. Search for relevant literature 
was systematically conducted from 2005 onwards using EMBASE, Ovid EMCARE and Ovid MEDLINE and 
hand-searching, which evaluated the Pharmacist’s role, alone or as part of a multidisciplinary team, in 
identifying and/or intervening to reduce MAEs. MAEs were defined as any deviation of prescriber’s instructions 
when administering medication.4 

Results: Out of 571 records initially retrieved, 10 papers were included in the final analysis – 8 case series (3 
pre-interventions to post-intervention studies), 1 non-randomized control trial and 1 cross-sectional study. 
Overall, 4540 participants were included. Interventions were MDT-based, educational, or consisted of a 
medication chart on discharge to the care home. Identification of MAEs were via observations and were 
conducted by pharmacist with/without doctor. Studies demonstrated Pharmacist’s identified MAEs and where 
pre-post interventional studies were applied, a reduction in MAEs was demonstrated. 

Conclusion: Pharmacists were effective in identifying MAEs and where relevant there was a reduction of MAEs 
pre-post intervention. However, heterogeneity of interventions and weaker study designs require large, well 
designed RCT to substantiate the most effective Pharmacist intervention in reducing MAEs in Care Homes. 

1. Connelly D. Medication errors: where do they happen? Pharmaceutical-Journal. 2020. [accessed 1 Jun 2020] Available from: 
https://www.pharmaceutical-journal.com/news-and-analysis/infographics/medication-errors-where-do-they-
happen/20206204.article?firstPass=false 

2. James D, Green S, Alves, A. Deprescribing of Medicines in Care Homes—A Five-Year Evaluation of Primary Care Pharmacist 
Practices. Pharmacy (Basel). 2019;7(3):105. doi: https://dx.doi.org/10.3390%2Fpharmacy7030105 
Tricco A, Langlois E, Straus S. Rapid Reviews to Strengthen Health and Policy Systems: A Practical Guide. Apps.who.int. 
2020. Available from: https://apps.who.int/iris/bitstream/handle/10665/258698/9789241512763-
eng.pdf;jsessionid=D7AD457F329519BDE9B1B8169B415258?sequence=1 

3. World Health Organization. Medication Errors: Technical Series on Safer Primary Care. 2016. [accessed 11  June]. Available 
from: https://apps.who.int/iris/bitstream/handle/10665/252274/9789241511643-
eng.pdf;jsessionid=FDB1BE2683396D2DA592F947714EBF5E?sequence=1 

 

 

Evaluation of in vitro drain biofilm models mimicking those found in a hospital 
setting 

Callie Birch and J-Y Maillard 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff 

CF10 3NB, Wales, UK  

A biofilm is an aggregation of microorganisms which have adhered themselves both together as well as onto 
a solid surface through forming an extracellular polymeric substances (EPS), contributing towards resistance. 
Biofilm resistance to antimicrobials, increased transferability, coupled with the vulnerable population in 
hospitals make biofilms a huge problem towards society. There is a need to replicate biofilm drain models to 
better understand their mechanisms and test effective and safe interventions against them. This study 
investigates the in-vitro models mimicking hospital drain biofilm. 

Web of Science database was searched. Studies were included if they mimicked were undertaken within a 
hospital. Keywords searched for included: Biofilm, drain, model, sink, healthcare, HAI, splash, hospital. I used 
various combinations of these words and reviewed all the papers for appropriateness. 

https://www.pharmaceutical-journal.com/news-and-analysis/infographics/medication-errors-where-do-they-happen/20206204.article?firstPass=false
https://www.pharmaceutical-journal.com/news-and-analysis/infographics/medication-errors-where-do-they-happen/20206204.article?firstPass=false
https://dx.doi.org/10.3390%2Fpharmacy7030105
https://apps.who.int/iris/bitstream/handle/10665/258698/9789241512763-eng.pdf;jsessionid=D7AD457F329519BDE9B1B8169B415258?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/258698/9789241512763-eng.pdf;jsessionid=D7AD457F329519BDE9B1B8169B415258?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/252274/9789241511643-eng.pdf;jsessionid=FDB1BE2683396D2DA592F947714EBF5E?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/252274/9789241511643-eng.pdf;jsessionid=FDB1BE2683396D2DA592F947714EBF5E?sequence=1
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Limited amount of evidence is available for this topic. Searching the database gave very few papers relating 
to the appropriate setting of a hospital environment. Upon further screening, many were inappropriate in terms 
of a lacking in modelling a sink drain biofilm or not testing any interventions. Papers of merit supported an 
important thesis in relation to avoiding the spread of biofilms, testing splash dispersion, placement of the drain 
to the sink and stagnation of water. Novel approaches to combat biofilms included the introduction of 
microphages, an area never been explored before and needing more research. 

Limitations of the available information on a wider context as well as limitations through the method choice 
make it hard to give strong conclusions. There are merits in the work already done, but many acknowledge 
their own limitations and as some are the first to investigate their area of research, more investigation is needed 
to make solid conclusions. More biofilm cultivation experiments need to be conducted in the appropriate 
settings so that eradication controls can be tested, an important issue facing healthcare. 

 
1. Donlan, Rodney. Biofilms: Microbial Life on Surfaces. Emerg Infect Dis. 2002;8(9):881-890. 
2. Kotay S et al. Spread from the Sink to the Patient: In Situ Study Using Green Fluorescent Protein (GFP)-Expressing 

Escherichia coli To Model Bacterial Dispersion from Hand-Washing Sink-Trap Reservoirs. Appl. Environ. Microbiol. 
2017;83(8):re03327-16. Doi: 10.1128/AEM.03328-16 

3. Huang J. Bacteriophage to Combat Biofilms in Hospital Drains. 2019;1(1). Doi: https://doi.org/10.1101/522227 

 

 
TM4SF1 expression in endocrine responsive and resistant breast cancer 

Harriet Blackmore, I Patterson, N Kirk, R Aske and JMW Gee 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

Oestrogen receptor positive (ER+) breast cancer (BC) is treated with endocrine therapy, however acquired 
resistance develops which may involve ER loss.1 EGFR and Src associate with resistance but their targeting 
has limited value.1,2 A recent microarray project at Cardiff University detected increased expression of atypical 
tetraspanin TM4SF1 in a Luminal A (T47D)-derived cell line with acquired faslodex resistance and ER loss 
(T47DFasR).3 This project aimed to explore the relationship between TM4SF1, endocrine failure and ER loss 
in vitro and in clinical disease.  

Models with acquired resistance to faslodex, 4-OH tamoxifen or oestrogen-deprivation, responsive T47D cells 
treated with these antihormones, and also de novo ER- cells were studied. Immunocytochemistry (ICC) with 
H-scoring assessed TM4SF1 protein and localisation. ER-stained coverslips and Affymetrix microarrays 
assessed relationships between TM4SF1 mRNA, ER and antihormone resistance. T47DFasR treated with 10-

6M gefitinib or saracatanib explored if TM4SF1 was EGFR or Src regulated, respectively. KMPlotter examined 
TM4SF1 expression in some ER+ endocrine-treated and ER- clinical BC microarray datasets.  

Plasma membrane-localised TM4SF1 significantly increased in acquired Faslodex resistant models and was 
modestly induced in antihormone-treated T47D cells. It was not decreased by EGFR or Src inhibitors. TM4SF1 
mRNA significantly increased in all acquired antihormone resistant models and related to ER loss, also 
increasing in ER- MDA-MB-231 cells. TM4SF1 mRNA expression significantly related to decreased overall 
and distant metastasis-free survival in ER+ BC and shortened relapse-free survival in ER- BC patients.  

Plasma membrane TM4SF1 upregulation in T47DFasR cells and its mRNA profile in further antihormone 
resistant and de novo ER- models suggests TM4SF1 plays a role in acquired endocrine resistance and 
tumours lacking ER. Since TM4SF1 was antihormone-induced early in responsive cells, was independent from 
EGFR and Src, and related to poor prognosis, it might have potential as a novel therapeutic target to combat 
antihormone resistant BCs with ER loss. 

 
1. Osborne CK, Schiff R. Mechanisms of endocrine resistance in breast cancer. Annu Rev of Med. 2011;62:233-247. doi: 

10.1146/annurev-med-070909-182917 
2. Hiscox S, Barrett-Lee P, Borley A, Nicholson R. Combining Src inhibitors and aromatase inhibitors: a novel strategy for 

overcoming endocrine resistance and bone loss. Eur J Cancer. 2010;46(12):2187-2195. doi: 10.1016/j.ejca.2010.04.012 
3. Prior L. Integrated bioinformatic interrogation of luminal A and B-derived acquired endocrine resistant cell panels [MSc 

dissertation]. Cardiff University; 2019. 
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Is sodium zirconium cyclosilicate (Lokelma) effective in managing hyperkalaemia of 
chronic kidney disease in patients on haemodialysis in a clinical practice setting? 

Kaitlin Boyle, M Gumbleton, J Jenkins and O Brooks1 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 

3NB, Wales, UK and 1Morriston Hospital Department of Nephrology, Heol Maes Eglwys, Swansea, SA6 6NL 

Chronic kidney disease (CKD) can be defined as abnormal kidney function that has occurred for more than 
three months and has caused implications to the patients’ health.1 Hyperkalaemia occurs when serum 
potassium is >5.5mmol/L and can cause severe cardiovascular events if not controlled.2 Lokelma, developed 
by AstraZeneca, is a novel oral potassium binding agent used in hyperkalaemia. A recent clinical trial 
(DIALIZE) had positive results for use of Lokelma in haemodialysis (HD) patients.3  However, NICE cannot 
recommend Lokelma in this patient group due to lack of evidence of efficacy.4 Nevertheless, we looked at this 
HD patient group within a clinical setting to see if results were similar to DIALIZE. We also examined patient 
experiences of Lokelma and how taking it compared to the current first line therapy, calcium resonium. 

VitalData (patient record system used in SW Wales regional renal units) was accessed to collect data on HD 
patients and information about confounding factors that could affect serum potassium levels. An anonymous 
survey was designed and administered to the patient cohort which allowed us to investigate patient views on 
Lokelma.  

The survey (n=13) reported 76.92% of Lokelma patients had no side effects vs 36.36% of side effects reported 
by calcium resonium patients. Compliance for Lokelma was significantly higher (84.62% vs 36.36%). 

Prevalent HD patients (n=16) showed an overall decrease in serum potassium levels after Lokelma treatment.  
Prior to Lokelma, 100% of patients had K+ greater >6mmol/L, after Lokelma, this was 68.75% had K+ greater 
>6mmol/L, with the mean fall from 7.38mmol/L to 6.37mmol/L.  In preventative patients (n=4), vascular access 
issues caused delays to dialysis so Lokelma was initiated while access issues were resolved, in these cases 
there was 100% avoidance of hospital admissions, with one patient experiencing a delay of six days to dialysis. 
Mean potassium pre dialysis was 6.0mmol/L with the next recorded pre dialysis potassium at 4.85mmol/L.  

Lokelma is a valuable therapeutic option and has a place in treating and preventing hyperkalaemia in HD 
patients. More studies are required involving a larger cohort of patients to fully evaluate the benefits and 
limitations of Lokelma in routine clinical practice.  

1. National Institute for Health and Care Excellence. Chronic kidney disease in adults: assessment and management. CG182. 
London: National Institute for Health and Care Excellence; 2014 [accessed 24 0ct 19]. Available from: 
https://www.nice.org.uk/guidance/cg182/resources/chronic-kidney-disease-in-adults-assessment-and-management-pdf-
35109809343205 

2. UK Renal Association. 2014. Clinical Practice Guidelines on Treatment of Acute Hyperkalaemia in Adults. Bristol: UK Renal 
Association; 2014 [accessed 21 10 Oct 19]. Available from: https://renal.org/wp-content/uploads/2017/06/hyperkalaemia-
guideline-1.pdf 

3. Fishbane S, Ford M, Fukagawa M, et al. A Phase 3b, Randomized, Double-Blind, Placebo-Controlled Study of Sodium 
Zirconium Cyclosilicate for Reducing the Incidence of Predialysis Hyperkalaemia. JASN. 2019;30 (9): 1723-1733. doi: 
https://doi.org/10.1681/ASN.2019050450 

4. National Institute for Health and Care Excellence. Sodium zirconium cyclosilicate for treating hyperkalaemia. TA599. London: 
National Institute for Health and Care Excellence; 2019 [Accessed 3 Jan 2020]. Available from: 
https://www.nice.org.uk/guidance/ta599/chapter/1-Recommendations  

 

 

A rapid review of falls and hospitalisations as an outcome of polypharmacy in care 
homes 

Kendal Boys and MW Smith  
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK  

Polypharmacy is commonly defined as the daily use of 5 medicines1 and is prevalent amongst care home 
residents.2 The risk of falls and hospitalisation of care home residents is high 3,4 and the reasons for this need 
to be explored. A rapid review was conducted with the aim to review and critically appraise existing research 
on falls and hospitalisation as an outcome of polypharmacy in care homes.  

MEDLINE, EMBASE and the Cochrane Library were searched from January 2000 to October 2019. English 
language papers were eligible for inclusion if polypharmacy was associated with a clinical outcome in care 

home residents (65 years or with a mean age of 70 years old), papers defined polypharmacy quantitatively 

(minimum of 3 medications) or qualitatively which could be linked to a numerical definition from included data. 

https://www.nice.org.uk/guidance/cg182/resources/chronic-kidney-disease-in-adults-assessment-and-management-pdf-35109809343205
https://www.nice.org.uk/guidance/cg182/resources/chronic-kidney-disease-in-adults-assessment-and-management-pdf-35109809343205
https://renal.org/wp-content/uploads/2017/06/hyperkalaemia-guideline-1.pdf
https://renal.org/wp-content/uploads/2017/06/hyperkalaemia-guideline-1.pdf
https://doi.org/10.1681/ASN.2019050450
https://www.nice.org.uk/guidance/ta599/chapter/1-Recommendations
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Quality and risk of bias was assessed using CASP checklists and the Joanna Briggs Institute Critical Appraisal 
Checklists.  

Of the 960 papers initially identified, seven papers were included in the review. A meta-analysis could not be 
completed due to heterogeneity between the studies. Overall, some association was found between 
polypharmacy and falls (n = 3 studies) and hospitalisation (n = 5). Associations between excessive 

polypharmacy (10 medications) and falls (odds ratio 1.30, 95% CI 0.78-2.18) and hospitalisation (odds ratio 
2.56, 95% CI 1.36-5.85) were uncertain due to wide confidence intervals (CI).  

Falls and hospitalisations are at least somewhat associated with polypharmacy in care homes. As a result, 
emphasis should be placed on the importance of medication reviews to address polypharmacy and identify 
residents at increased risk of falls and hospitalisation. It would be helpful to adopt a universal definition of 
polypharmacy as it is often described in different ways in the literatures. This would allow further studies on 
care home residents using a standard definition of polypharmacy.  

1. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A systematic review of definitions. BMC geriatr. 
2017;17(1):230-. doi: 10.1186/s12877-017-0621-2 

2. Jokanovic N, Tan ECK, Dooley MJ, Kirkpatrick CM, Bell JS. Prevalence and Factors Associated With Polypharmacy in Long-
Term Care Facilities: A Systematic Review. J Am Med Dir Assoc. 2015;16(6):535.e1-.e12. doi: https://doi-
org.abc.cardiff.ac.uk/10.1016/j.jamda.2015.03.003 

3. Department of Health. Best Practice Guidance. Falls and fractures: effective interventions in health and social care. 2009 
[accessed 3 Jan 2020]. Available from: http://www.laterlifetraining.co.uk/wp-content/uploads/2011/12/FF_Effective-
Interventions-in-health-and-social-care.pdf 

4. Godden S, Pollock AM. The use of acute hospital services by elderly residents of nursing and residential care homes. Health 
Soc Care Community. 2001;9(6):367-74. Doi number: 10.1046/j.1365-2524.2001.00314.x  

 

 

The incorporation of terbinafine into a biodegradable polymer (PLA and PLGA) for 
the use of 3D printing of microneedles 

Rabia Bukhari and MO Ivory  
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff 

CF10 3NB, Wales, UK 

Terbinafine is first line treatment for fungal nail infection, available in oral and topical formulations.1 Currently, 
there is a gap in the market for a sustained release formulation.2  Biodegradable polymers have previously 
been used as drug delivery systems. This study aims to incorporate terbinafine into biodegradable polymers 
Polylactic Acid (PLA) and Poly(lactic-co-glycolic) Acid (PLGA) and determine whether it is appropriate to 
produce microneedles. 

PLGA, PLA and terbinafine (72%, 8% and 20% w/w respectively)3 was formulated into two formulations, by 
hot melt extrusion to produce a filament, and via chloroform evaporation to produce discs. A release study was 
carried out over a period of 14 days. Terbinafine incorporated filaments and discs were placed in 30mLs of 
25% and 50% methanol media at 37oC at 140rpm in a water bath. At designated time intervals, samples were 
taken from the media and absorbance values were taken from UV-Visible spectrometer. Scanning electron 
microscopy (SEM) was carried out to determine the distribution of drug within the polymer. Mechanical 
properties of the filament and disc were assessed using a tablet hardness tester.  

Results showed terbinafine discs released greater than 100% of the drug in 50% methanol media and 91% 
drug release in 25% methanol media. Comparatively, the drug incorporated filaments displayed no release of 
terbinafine. SEM images of terbinafine filaments and discs showed smooth images with no terbinafine crystals 
present on the polymer surface. Mechanical force testing showed that filaments were weaker when terbinafine 
was incorporated and discs displayed no strength due to its soft nature.  

Filaments do not release sufficient drug and discs exhibit no mechanical strength to deliver the drug, but 
release drug from the polymer. These results demonstrated that neither formulations have the correct 
properties for the use of microneedles. Further studies need to be carried out to optimise the functioning 
product. 

1. Fungal nail infection. nhs.uk. 2017. [accessed 4 Jan 2020] Available from: https://www.nhs.uk/conditions/fungal-nail-infection/ 
2. Dhamoon R, Popli H, Gupta M. Novel Drug Delivery Strategies for the Treatment of Onychomycosis. Pharmaceutical 

Nanotechnology. 2019;7(1):24-38. doi: 10.2174/2211738507666190228104031 
3. Li W, Terry R, Tang J, Feng M, Schwendeman S, Prausnitz M. Rapidly separable microneedle patch for the sustained release 

of a contraceptive. Nature Biomedical Engineering. 2019;3(3):220-229. doi: 10.1038/s41551-018-0337-4 
 

 

 

http://www.laterlifetraining.co.uk/wp-content/uploads/2011/12/FF_Effective-Interventions-in-health-and-social-care.pdf
http://www.laterlifetraining.co.uk/wp-content/uploads/2011/12/FF_Effective-Interventions-in-health-and-social-care.pdf
https://www.nhs.uk/conditions/fungal-nail-infection/
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The control of Pseudomonas aeruginosa in a complex biofilm 

Kate Eleri Burd, K Ledwoch and J-Y Maillard 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, 

CF10 3NB, Wales, UK  

Pseudomonas aeruginosa (P. aeruginosa) persists within biofilms in hospital sink drains1,2. Through the spread 
of healthcare-associated infections, drain-residing P. aeruginosa is contributing to antibiotic resistance and 
prolonged hospital stays1,3. We aimed to investigate the extent of P. aeruginosa colonisation within a complex 
drain biofilm and its control using chlorine-based biocides and a cleaning agent. Moreover, we assessed 
whether inhibitory concentrations of the biocides induced changes to the clinical susceptibility of P. aeruginosa 
towards antibiotics. Subsequently, we examined the motility of P. aeruginosa and deduced the speed it moves 
through tubing. 

A complex drain biofilm model, which mimics a sink U bend, enabled the formation of multiple P. aeruginosa-
drain biofilms in 3 sections of the U bend: front, middle and back. Total viable count determined 1) the final 
biofilm ratio 2) the bactericidal efficacy of the biocides and cleaning agent, and 3) motility. The European 
Committee on Antimicrobial Susceptibility Testing provided the basis for our antibiotic susceptibility test4. 

P. aeruginosa was found to dominate the complex biofilm. The biocides were more efficacious than the 
cleaning agent but did not completely eradicate the biofilm. Neither biocide altered the clinical susceptibility of 
P. aeruginosa towards the antibiotics. P. aeruginosa was found to be very motile and moved through tubing at 
a rate of 10 mm/hour. 

As P. aeruginosa successfully colonised all sections of the U bend and dominated the complex biofilm, 
investigating its control in hospital drains is important. Our antibiotic susceptibility test suggests that the 
biocides did not change the pathogen’s clinical antibiotic susceptibility. However, their bactericidal activity was 
arguably poor. Pre-disinfection methods should be investigated to improve their efficacy. Our findings 
demonstrate that P. aeruginosa uses its motility to move through tubing. We conclude that motility is an 
important factor for the transfer of P. aeruginosa from U bends to patients. 

1. Bédard E, Prévost M, Déziel E. Pseudomonas aeruginosa in premise plumbing of large buildings. Microbiologyopen. 
2016;5(6):937-56. doi: 10.1002/mbo3.391 

2. Swan JS, Deasy EC, Boyle MA, Russell RJ, O’Donnell MJ, Coleman DC. Elimination of biofilm and microbial contamination 
reservoirs in hospital washbasin U-bends by automated cleaning and disinfection with electrochemically activated solutions. J 
Hosp Infect. 2016;94(2):169-74. doi: 10.1016/j.jhin.2016.07.007 

3. World Health Organisation. Report on the burden of endemic health care-associated infection worldwide. 2011 [accessed 23 
Dec 2019] Available from: https://apps.who.int/iris/handle/10665/80135 

4. Matuschek E, Brown DFJ, Kahlmeter G. Development of the EUCAST disk diffusion antimicrobial susceptibility testing 
method and its implementation in routine microbiology laboratories. Clin Microbiol Infect. 2014;20(4):O255-66. doi: 
10.1111/1469-0691.12373 

 

 

Analysing Welsh Prescribing of items indicated as “Less suitable for Prescribing” 
to feed into the Low Priority Prescribing Project. 

James Campbell, 1 K Haines, 1 PN Deslandes and MO Ivory 
   Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 
3NB, Wales, UK and  1All Wales Therapeutics and Toxicology Centre (AWTTC), University Hospital Llandough, Penlan 

Road, Llandough, Penarth, The Vale of Glamorgan, CF64 2XX, Wales, UK 

There is an increased demand on the NHS.1  In 2018-19, the number of items prescribed by GPs was the 
highest on record of over 80.1 million items which led to a net ingredient cost of £563.2 million.2  It is therefore 
essential that prescribers prescribe the most clinically and cost-effective treatment to patients. Items listed as 
“less suitable for prescribing” in the BNF shouldn’t be routinely prescribed as they are not the most clinically 
and cost-effective drugs available. This study aimed to analyse trends for items listed as “less suitable for 
prescribing” in the BNF to evaluate if prescribers in Wales were adhering to guidelines. 

Prescribing data was collected using Comparative Analysis System for Prescribing Audit (CASPA) to establish 
prescribing trends for drugs listed as “less suitable for prescribing” between April 2013 and August 2019. Data 
was further analysed as yearly averages. Data was then compared to current guidelines and advice 
surrounding “less suitable for prescribing” drugs to investigate if prescribers were compliant to current 
guidelines. 

Every drug listed as less “less suitable for prescribing” in this study decreased in prescribing over the study 
period except for cyanocobalamin. Cyanocobalamin increased in prescribing in every year of the study. Every 

https://doi.org/10.1016/j.jhin.2016.07.007
https://apps.who.int/iris/handle/10665/80135
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other drug decreased in prescribing with glucosamine and permethrin showing the largest decline. Every drug 
except for cyanocobalamin recorded their lowest quantity of prescribing in the final year of the study. 

As majority of drugs in this study showed a decline in prescribing, it indicates that current guidelines and advice 
are being implemented by prescribers in Wales. Investigation is required to provide an explanation for when 
drugs don’t adhere to current guidelines, especially in the case of cyanocobalamin.   

1. The Welsh NHS Confederation: Finance and the NHS in Wales. 2017 [accessed 21 December 2019]. Available from:  
https://www.nhsconfed.org/~/media/Confederation/Files/public%20access/Welsh%20NHS%20Confederation%20Finance%20
Briefing.pdf 

2. Welsh Government: Statistical First Release. 2019 [accessed 21 December 2019]. Available from: 
https://gov.wales/sites/default/files/statistics-and-research/2019-09/prescriptions-wales-april-2018-march-2019-836.pdf 

 

 

Investigating the inflammatory effects of levodopa in the 6-OHDA animal model of 
Parkinson’s disease 

Thomas Carbis and EL Lane 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 

3NB, Wales UK 

Levodopa (L-dopa) is the current mainstay treatment for Parkinson’s disease, with most patient’s encountering 
the drug at some point during their illness. Research has suggested a link between L-dopa and inflammation, 
which may contribute towards the pathogenesis of Parkinson’s disease.1 The mechanisms of how L-dopa may 
induce inflammation are unknown, though astrocytes and microglia are thought to play a role.2 Current 
research is inconclusive on the inflammatory effects of L-dopa and the subsequent involvement of astrocytes 
and microglia, justifying further investigation in this area3 and verification in our own lab. 

30 Sprague Dawley rats were placed into 5 groups: Naïve, SHAM plus L-dopa, SHAM plus saline, 6-OHDA 
(6-hydroxydopamine) plus L-DOPA, and 6-OHDA plus saline. The rats were lesioned or underwent sham 
surgery, then were treated for six weeks with saline (1ml/kg) or L-dopa (8mg/kg s.c. with 15 mg/kg benserazide) 
twice daily. After treatment animals were killed, and their brain tissues prepared for immunohistochemistry 
targeting microglia (OX42) and astrocytes (GFAP). Stained brain sections were then analysed via optical 
density analysis, image subtraction and stereology to determine the differences in OX42 and GFAP between 
groups.  

Results derived from all methods determined that there was a significant difference between the groups within 
the same hemisphere. However, stereology was the only method that showed a significant difference between 
the hemispheres of the same group. Post hoc analysis determined a significant increase in the response 
between the 6-OHDA L-dopa group and all other groups across all methods.  

Results obtained in this study support the hypothesis that L-dopa induces inflammation. However, this 
inflammation was only significant when L-dopa was administered in the presence of a 6-OHDA lesion. No 
evidence was derived to illustrate an independent inflammatory effect from L-dopa alone, though issues with 
the study’s methodology limit this supposition. To determine the independent inflammatory effects of L-dopa 
and if astrocytes and microglia play a significant role in this, further research is required.  

1. Pisanu A, Boi L, Mulas G, Spiga S, Fenu S, Carta AR. Neuroinflammation in l-DOPA-Induced dyskinesia: beyond the immune 
function. Journal of Neural Transmission. 2018;125(8):1287-97. 

2. Carta AR, Mulas G, Bortolanza M, Duarte T, Pillai E, Fisone G, et al. l‐DOPA‐induced dyskinesia and neuroinflammation: do 
microglia and astrocytes play a role? European Journal of Neuroscience. 2017;45(1):73-91. 

3. Olanow CW. Levodopa: effect on cell death and the natural history of Parkinson's disease. Movement Disorders. 
2015;30(1):37-44. 

 

 

Antibacterial activity of thiadiazole derivatives: a rapid systematic literature review 

Min Li Chang and C Simons  

Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
3NB Wales, UK 

Antibacterial agents are the main drug treatments for bacterial infections caused by infectious bacterium. They 
work by disrupting the growth and reproduction of bacteria.1 Due to antibacterial misuse, multidrug-resistance 
is currently one of the most alarming issues, which leads to an increase in morbidity, mortality and economic 
burden.2 Thiadiazole derivatives have shown positive antimicrobial, antiinflammatory and many more 

https://www.nhsconfed.org/~/media/Confederation/Files/public%20access/Welsh%20NHS%20Confederation%20Finance%20Briefing.pdf
https://www.nhsconfed.org/~/media/Confederation/Files/public%20access/Welsh%20NHS%20Confederation%20Finance%20Briefing.pdf
https://gov.wales/sites/default/files/statistics-and-research/2019-09/prescriptions-wales-april-2018-march-2019-836.pdf
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activities.3 The main objective of this review was to justify if thiadiazole derivatives are a viable class of 
antibacterial agent and if further studies are needed.  

The search terms “antibacterial and thiadiazole and MIC” were used for scoping publications from PubMed, 
SCOPUS and Web of Science to prevent missing any relevant papers in this rapid review. Only papers 
published in the past 10 years were included for more up to date information. Finalised published research 
papers were taken forward to be critically appraised based on the qualitative checklist prior to the analytical 
process. Due to time limitations, antitubercular activity papers were excluded. 

The results suggested that thiadiazole derivatives have antibacterial activity. Addition of electron withdrawing 
groups have shown improvements in the antibacterial activity, due to the relatively positive charged structure, 
increasing the penetration through cell wall of bacteria.4 Moreover, the studies suggested the importance of 
electron density around the thiadiazole ring structure, for it to chemically react with the surface of the bacterial 
cell wall to have antibacterial activity.  

After reviewing the publications included, thiadiazole rings are a viable class of antibacterial agent as it was 
presented with positive antibacterial activity. Hence, more research should be done for the current tested 
derivatives in order to create a new antimicrobial agent with a better pharmacological profile. However, a larger 
scale of systematic review should be done prior to furthering medicinal research to consider its antitubercular 
activity.  

1. Journal of Antimicrobial Agents. Antibacterial agents [accessed 4 December 2019]. Available from: 
https://www.omicsonline.org/scholarly/antibacterial-agents-journals-articles-ppts-list.php 

2. European Centre for Disease Prevention and Control. Antimicrobial resistance and healthcare-associated infections 2014. 
[accessed 4 December 2019]. Available from: 
https://www.ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/antimicrobial-resistance-annual-
epidemiological-report.pdf 

3. Dawood KM, Farghaly TA. Thiadiazole inhibitors: a patent review. Expert Opin Ther Pat. 2017; 27(4): 477-505. doi: 
10.1080/13543776.2017.1272575 

4. Gottenbos B, Grijpma DW, van der Mei HC, Feijen J, Busscher HJ. Antimicrobial effects of positively charged surfaces on 
adhering gram-positive and gram-negative bacteria. Journal of Antimicrobial Chemotherapy. 2001; 48 (1): 7-13. doi: 
10.1093/jac/48.1.7 

 

 
The environmentally friendly decontamination of bacterial spores using 

bacteriophages 

On-Kei Angel Chen and L Baillie  
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  

CF10 3NB, Wales UK  

Bacillus anthracis is the Gram-positive, spore forming agent responsible for anthrax. Bacillus anthracis occurs 
naturally in soil in many parts of the world.1 Current decontamination methods use toxic chemicals which make 
them unsuitable for environmental use.2 Bacillus anthracis specific bacteriophages have been identified could 
be used as part of an environmentally friendly method of decontamination however, the spore form of the 
bacteria is resistant to bacteriophages. Once the spores are exposed to germinants, they become susceptible 
to the phages.3 The aim of this study is to compare the effect of different germinant combinations on spore 
germination efficiency in order to find an optimal combination for use with decontamination strategies with 
bacteriophages. 

A standard germination mixture of L-alanine, inosine and Ca2+ was augmented with the addition of either 
D-cycloserine, calcium dipicolinate (CaDPA), adenosine, or guanosine. 105 Bacillus anthracis Sterne 
spores were exposed to each germination mixture for different lengths of time at 37°C. Half of each sample 
was subject to heat-shock (water bath at 65°C for 30 minutes), the other half was not, each half was 
consequently serially diluted and plated to determine extent of germination. 

The results were disappointing overall. Only the mixture augmented with adenosine showed any sort of 
statistically significant improvement over other augmented mixtures at various time points, but it was not 
statistically sbetter than the standard germination mixture at any time point.  

Currently no mixture tested in this study proved to be optimal, further studies exploring different 
temperatures and shorter time points will need to be conducted for more definitive results on spore 
germination efficiency.  

1. Centers for Disease Control and Prevention. Anthrax Basic Information. 2015 [accessed 5 Nov 2019]. Available from: 
https://www.cdc.gov/anthrax/basics/index.html 

https://www.omicsonline.org/scholarly/antibacterial-agents-journals-articles-ppts-list.php
https://www.ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/antimicrobial-resistance-annual-epidemiological-report.pdf
https://www.ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/antimicrobial-resistance-annual-epidemiological-report.pdf
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2. Celebi O, Buyuk F, Pottage T, Crook A, Hawkey S, Cooper C, et al. The Use of Germinants to Potentiate the Sensitivity of 
Bacillus anthracis Spores to Peracetic Acid. Frontiers in Microbiology. 2016;7(18). doi: 10.3389/fmicb.2016.00018 

3. Cordis EU research results. Anthrax Environmental Decontamination Network.. 2017 [accessed 5 Nov 2019]. Available from: 
https://cordis.europa.eu/project/id/612309  

 

 

Can a PROTAC be designed to degrade Hepatitis B viral polymerase? 

Su-Ann Chew and Y Mehellou 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 

3NB, Wales, UK 

PROTAC (Proteolysis Targeting Chimera) molecules degrade disease-causing proteins through the cell’s 
Ubiquitin-Proteasome System (UPS), which routinely degrades unneeded or damaged/misfolded proteins. 
PROTACs contain two molecule binding ligands attached together by a linker bond. One of these ligands 
targets a disease protein of interest (POI) and the other targets an E3 ligase, triggering a process called 
ubiquitination which leads to breakdown of the POI via the UPS. 1 

Current anti-hepatitis B (HBV) therapy are interferon-based therapies and nucleoside/nucleotide analogues 
that selectively target the viral polymerase reverse transcriptase (RT) domain, disrupting HBV DNA synthesis 
and cell cycle continuation. 2 Treatment does not cure infection and patients are on continuous life therapy.  

A novel approach and the aim of this study is to design anti- HBV PROTACs. 3 

This study includes an extensive background into the HBV viral life cycle, the UPS and PROTAC technology. 

Literature searches were conducted to identify a target E3 ubiquitin ligase, warhead and linkers to design six 
anti- HBV PROTACs. Structure-activity relationships and efficacy studies were studied from published and 
successful PROTACs. 

These six PROTACs were input into SwissADME, an online web tool software to evaluate predictive properties 
of pharmacokinetics, drug-likeness and medicinal chemistry friendliness. Two PROTACs were chosen as the 
most likely to be successful drug candidates and their synthesis was proposed.  

This study compared the von Hippel-Lindau (VHL) and cereblon (CRBN) E3 ligases; VHL was the most 
appropriate protein substrate target with studies of high protein target degradation and two VHL targeting 
PROTACs in current clinical trials. CRBN ligases pose future study as teratogenicity and toxicity risk are yet 
to be fully established.  

Three HBV DNA polymerase inhibitors were established.  

PROTACs are currently designed on a case by case basis from understanding protein and molecule 
interactions; designs can be potential useful leads for drug discovery. 

1. Arvinas Science | Targeting Disease-Causing Proteins for Destruction [Internet]. Arvinas, Inc. 2019 [cited 19 November 2019]. 
Available from: http://arvinas.com/our-science/protac-platform/ 

2. Pei Y, Wang C, Yan S, Liu G. Past, Current, and Future Developments of Therapeutic Agents for Treatment of Chronic 
Hepatitis B Virus Infection. Journal of Medicinal Chemistry. 2017;60(15):6461-6479. 

3. Konstantinidou M, Li J, Zhang B, Wang Z, Shaabani S, Ter Brake F et al. PROTACs– a game-changing technology. Expert 
Opinion on Drug Discovery. 2019;14(12):1255-1268. 

 

 

Research into the synthesis of the ring B constituent of Atrovirisidone B. 

Mared Cooke, S Di Ciano, M Serpi and F Pertusati 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales,UK 

Both cancer1 and bacterial resistance2 involve cellular changes and abnormal growth, making them extremely 
difficult to treat and therefore growing worldwide threats. There is a constant need for new treatments in order 
to tackle these issues. Natural compounds are a good potential for novel drug design as they already possess 
bioactivity. Depsidones are a class of structurally unique chemical compounds that have been well established. 
Atrovirisidone B is an example of a depsidone,3 limited research has shown it has useful properties including 
antibacterial and cytotoxic activity against major human cancers such as breast, lung and prostate.4 The aim 
of this study was to broaden research around the synthesis of a key constituent Atrovirisidone B.  

https://cordis.europa.eu/project/id/612309
http://arvinas.com/our-science/protac-platform/
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Based on the idea that the completed Atrovirisidone B structure can be obtained from 2 constituents, with 
knowledge that ring A has previously been synthesised, during this study a proposed synthetic pathway was 
tested in attempt to synthesise the ring B structure. Four synthetic steps were tested and altered to optimise 
the amount of each synthetic intermediate, and keep levels of impurity to a minimum.  

Three of the synthetic steps lead to the synthesis of target compound, however, further research is definitely 
necessary to optimise the synthesis pure compounds and eliminate impurities. The final step of the pathway 
was unsuccessful, there was a concern for the stability of the starting material in the suggested conditions. A 
compound of similar structure may be useful for future work on this particular synthetic step.  

Although the ring B structure was not obtained, this study has been a good contribution to research. We have 
been able to gather some knowledge on what to do moving forward to optimise synthesis of the constituents 
of Atrovirisidone B, and so it still looks to be a good novel drug for the anti-cancer/antibacterial industry.  

 

 

1. NCI. What Is Cancer?. National Cancer Institute. 2020. 
2. WHO. Antibiotic resistance. WHO.int. 2020. 
3. Ibrahim SRM, Mohamed GA, Al Haidari RA, El-Kholy AA, Zayed MF, Khayat MT. Biologically active fungal depsidones: 

Chemistry, biosynthesis, structural characterization, and bioactivities. Fitoterapia. 2018;129:317-65. doi: 
10.1016/j.fitote.2018.04.012 

4. Permana D, Abas F, Maulidiani, Shaari K, Stanslas J, Ali AM, et al. Atrovirisidone B, a new prenylated depsidone with 
cytotoxic property from the roots of Garcinia atroviridis. Z Naturforsch, C: Biosci. 2005;60(7-8):523-6. doi: 10.1515/znc-2005-
7-802 

 

 
Optimisation of gold coated magnetic nanorods for use in magneto-optical point of 

care applications 
 

Robert Curry, CJ Allender 1 and J Bowen  

Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 
3NB, Wales, UK. 1CMD Ltd, 8 Cae Gwyrdd, Green Meadow Springs, Cardiff, CF15 7AB, Wales, UK 

 
Sepsis is a “life threatening organ dysfunction caused by dysregulated host response to infection”. Early 
recognition and prompt therapy can significantly improve clinical outcome.1 C-Reactive Protein (CRP) is a 
reliable clinical marker for infection and its fluctuations are typically used to provide guidance on antibiotic 
therapy.2 Cotton Mouton Diagnostics (CMD) have developed a magneto-optical sensing device that monitors 
the rotational behaviour of nanorod reporters. Rod shaped magnetic cores are coated in gold which 
facilitates attachment of recognition motifs such as antibodies via chemisorption. 3  A polymer is used to coat 
the core however it may also sterically prevent the interaction between the gold surface and the antibodies. 
This study aims to investigate methods that would either remove a proportion of the polymer layer or alter it 
in such a way that would enhance binding efficiency. 
 
As-manufactured batches of gold-coated nanorods were subject to washes with a variety of solvents over an 
extended time period and the extent of dissolution was analysed using UV spectrometry. Mixed polymer 
systems were created using poly-acrylic acid (PAA) alongside the existing polymer to provide different 
chemical functionality at the rod surface. Anti-CRP antibodies were conjugated to the modified nanorods and 
the efficiency was assessed by performing dot blot tests, magneto-optical analysis and salt titration tests. 
 

Figure 1- proposed retrosynthesis of Atrovirisidone B to give possible synthetic constituents 
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Most polymer was removed from the nanorod surface when isopropanol was used as the washing solvent. 
Although the nanorods displayed good stability post washing, the variability in terms of magneto-optical 
response between samples suggest that this is not a viable method for improving conjugation efficiency. 
Mixed polymer systems were successfully synthesised and there was evidence of effective conjugation of 
antibodies although assay performance was disappointing. 
 
Further investigations that expand on this study may further enhance conjugation efficiency and produce a 
sensitive nanorod reporter fit for point- of- care applications. 
 

1. Singer M, Deutschman C, Seymour C, Shankar-Hari M, Annane D, Bauer M et al. The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801. doi: 10.1001/jama.2016.0287 

2. Pierrakos, C. and Vincent, J. 2010. Sepsis biomarkers: a review. Critical Care 14(1), p. R15. doi: 10.1186/cc8872. 
3. Jazayeri MH, Amani H, Pourfatollah AA, Pazoki-Toroudi H, Sedighimoghaddam B. 2016. Various methods of gold 

nanoparticles (GNPs) conjugation to antibodies. Sensing and Bio-Sensing Research 9, pp. 17-22. doi: 
10.1016/j.sbsr.2016.04.002 

 

 

An Investigation into the Impact of EPMA in South West Wales Renal Unit 

Hannah Davies, M Gumbleton, J Jenkins, O Brooks 1 and C Brown 1 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 
3NB, Wales, UK. 1Morriston Hospital Department of Nephrology, Heol Maes Eglwys, Swansea, SA6 6NL, Wales, UK 

Electronic Prescribing Medicines Administration (EPMA) is an ePrescribing system designed to facilitate prescribing 
and medication administration in hospitals and their implementation has been initiated over the last ten years.1 It has 
been advocated for its ability to decrease medication errors, thereby improving patient safety.2 Frequent problems 
with traditionally used paper medication charts include the charts being misplaced, illegible or incomplete.1 EPMA 
has replaced the paper charts at South West Wales (SWW) Renal Unit. This project aimed to investigate the impact 
of EPMA upon the prescribing and administration of medications compared to paper-based drug charts previously 
employed; the study was conducted in one haemodialysis unit in SWW.   

The research method consisted of an audit of medication charts, both paper and electronic, preceding and 
subsequent to EPMA implementation. Data was obtained from 78 haemodialysis patients from Carmarthen Dialysis 
Unit. The ‘before’ and ‘after’ data were compared to identify changes. Parameters considered were: allergy status, 
unrecorded medication administrations and discrepancies between the medication charts and the electronic 
medication record (EMR).  

EPMA led to a statistically significant improvement in the recording of allergy status (p= 0.00455). The number of 
unrecorded medication administrations on EPMA was slightly higher (0.21%) than the number on the paper 
medication charts (0.17%), however all such instances on EPMA could be explained; there were no unintentionally 
missed doses. Ten discrepancies were identified between the paper charts and the EMR. EPMA has eliminated the 
possibility of discrepancies due to its consolidation with the EMR.   

This project has added to the findings of previous research on the beneficial impacts of EPMA.1,2 EPMA possesses 
several advantages over paper medication charts, ultimately leading to improvements to patient safety. Wider 
benefits include: improved accuracy of auditing; greater access to limited specialist staff; and liberation of staff time.  

1. Shemilt K, Morecroft CW, Ford JL, Mackridge AJ and Green C. Inpatient prescribing systems used in NHS Acute Trusts 
across England: a managerial perspective. Eur J Hosp Pharm. 2017; 24(4):213-217. doi: 10.1136/ejhpharm-2016-000905 

2. Jheeta S. and Franklin BD. The impact of a hospital electronic prescribing and medication administration system on 
medication administration safety: an observational study. BMC Health Serv Res. 2017;17(1):547. doi: 10.1186/s12913-017-
2462-2 

 

 

To explore and evaluate MPharm students’ perceptions of their competency to 
prescribe after Pre-registration 

Faatima Tahir Deen, C Ng and M Weiss  
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

Pharmacist independent prescribers (PIP) have brought many benefits to patients and other healthcare 
professionals.1 Given NHS plans to increase number of clinical pharmacists2 and Welsh Pharmaceutical 
committee plans to implement PIP within every community by 2030,3  it is clear that the pharmacist role is 
evolving. The study therefore aims to explore MPharm (Master of Pharmacy) students’ perceptions on their 
willingness to prescribe after immediately post- pre-registration.  
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Prior to distributing questionnaires, ethical approval was attained to ensure rights of participants were 
respected. First-year and fourth-year Cardiff University students participated via self-selecting sampling. An 
email invitation and Facebook advert message were sent to both years. Data was collected using Online 

Surveys and then downloaded. SPSS was used to analysis data via descriptive and non-parametric tests.  

Ninety-six students participated; 42 first years (response rate = 33.9%) and 54 fourth years (response rate = 
50.5%).  Study showed that under-graduate students were more likely to prescribe in scenarios that they 
viewed as more straightforward. Under-graduate students’ views on their likelihood to prescribe was influenced 
by patient-centred care and working with healthcare professionals. Under-graduate students agreed that 
current MPharm course does not prepare students to prescribe immediately after pre-reg and changes need 
to be made to better prepare students in becoming independent prescribers.  

Pharmacy profession is changing and moving slowly towards prescribing, however, there is a long way to go. 
There are many factors that influence willingness to prescribe but the main aim is to ensure prescribers 
prescribe within their competence. The current course is insufficient to support MPharm students to be 
competent to prescribe immediately post-pre-registration, it must instil core fundamental skills into under-
graduate students that enable competent prescribing. Given small sample size, further research must take 
place to understand under-graduate students’ views into their competency to prescribe.  

1. Royal Pharmaceutical Society. Pharmacist independent prescribers. 2018. [accessed 20 Oct 2019]. Available from: 
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/GB%20Prescriber%20Policy%20-
FINAL.pdf?ver=2018-08-07-152908-900  

2. National Health Service. The NHS Long Term Plan. 2019. [accessed 28 Oct 2019]. Available from: 
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf 

3. Welsh Pharmaceutical Committee. Pharmacy: Delivering a Healthier Wales. 2019. [accessed 28 Oct 2019]. Available from: 
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/Pharmacy%20Vision%20English.p
df?ver=2019-05-21-152234-477 

 

 

A Rapid Review Comparing the Efficacy of Single Enantiomer Drugs with their 
Racemic Counterparts 

Asia Dirie and AW White 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

The chiral switch, a term associated with the redevelopment of a racemic drug to its single enantiomer has 
been a popular approach in drug design. To attest to this, there are currently six chiral switches in the British 
National Formulary. Many argue that switching from the racemate allows for the halving of the dose of the 
drug, an increase in efficacy and the reduction of unwanted adverse effects. However, there has not been a 
review of the efficacy of single enantiomer drugs compared to their racemate to prove this claim. The objective 
of this rapid review is to assess the efficacy of enantiomerically pure drugs in comparison to their racemic 
counterparts. 

This rapid review will follow the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols 
(PRISMA-P) methodology. Randomised studies comparing single enantiomer to racemic drugs in efficacy 
were searched for in EMBASE, MEDLINE and Web of Science by one reviewer using predefined criteria. 5 
from 103 study papers met the criteria and were considered for qualitative review. 

The data reviewed shows that from five studies only one study (Beltran et al.) was able to prove statistically 
significant superior efficacy of the single enantiomer over racemic at pharmacologically equivalent doses. 
Dionne et al.1 could prove no statistically significant difference between the single enantiomer and racemic 
post 60 minutes, and neither could McGurk et al2., Ezcurdia et al.3 and Stock et al4.  

The information from these five studies comparing the analgesic efficacy of non-steroidal anti-inflammatory 
drugs (NSAID’s) suggested that the single enantiomer’s efficacy is not superior to the racemic. However, the 
methodologies of these papers did not hold up under critical review. The author has concluded that there is 
currently not enough significant data available to confidently make the claim that single enantiomer drugs have 
superior efficacy in comparison to their racemic counterparts. 

1. Dionne RA, Mccullagh L. Enhanced analgesia and suppression of plasma β-endorphin by the S(+)-isomer of ibuprofen. Clin 
Pharmacol Ther. 1998;63(6):694-701. doi:10.1016/s0009-9236(98)90094-7 

2. McGurk M, Robinson P, Rajayogeswaran V, De Luca M, Casini A, Artigas R et al. Clinical Comparison of Dexketoprofen 
Trometamol, Ketoprofen, and Placebo in Dental Pain. J Clin Pharmacol. 1998;38(S1):46S-54S. doi:10.1002/jcph. 

3. Ezcurdia M, Cortejoso FJ, Lanzon R, Ugalde FJ, Herruzo A, Artigas R, et al. Comparison of the efficacy and tolerability of 
dexketoprofen and ketoprofen in the treatment of primary dysmenorrhea. J Clin Pharmacol. 1998;38(12):65S-73S. 

https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/GB%20Prescriber%20Policy%20-FINAL.pdf?ver=2018-08-07-152908-900
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/GB%20Prescriber%20Policy%20-FINAL.pdf?ver=2018-08-07-152908-900
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/Pharmacy%20Vision%20English.pdf?ver=2019-05-21-152234-477
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/Pharmacy%20Vision%20English.pdf?ver=2019-05-21-152234-477
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4. Stock KP, Geisslinger G, Loew D, Beck WS, Bach GL, Brune K. S-ibuprofen versus ibuprofen-racemate. A randomized 
double-blind study in patients with rheumatoid arthritis. Rheumatol Int. 1991;11(4-5):199-202. 

 

 

An Investigation into Analysing Welsh prescribing of items indicated as 'Less 
suitable for prescribing' between April 2013 to August 2019 to feed into the Low 

Priority Prescribing project 

1Corinne Dorman, 2 K Haines, 2 PN Deslandes and 1 MO Ivory 

1Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
3NB, Wales, UK and. 2All Wales Therapeutics and Toxicology Centre (AWTTC), University Hospital Llandough, Penlan Road, 

Llandough, Penarth, The Vale of Glamorgan CF64 2XX, Wales, UK 

In 2018-2019 NHS Wales prescribing expenditure was £0.91 billion, which is 5.9% of total Welsh Government 
spending.1 Medicines are considered low priority due to poor clinical effectiveness, safety concerns or an 
absence of robust clinical evidence and where there are more cost-effective drugs available.2  The aim of this 
study was to evaluate trends in the national prescribing of low priority medicines from the BNF in Primary Care 
and to compare against guideline recommendations and identify opportunities for further learning. 

Comparative Analysis System for Prescribing Audit (CASPA) was used to extract and analyse quantitative 
monthly prescribing data on medicines classed as low priority between April 2013 and August 2019. The trends 
were then compared to current guidelines and literature pertinent to each medicine. 

Overall, across Wales 5 of 14 selected low priority medicines had an increasing prescribing trend with peak 
prescribing in the number of items between April 2017 to March 2019. The remaining 9 displayed a decreasing 
trend and the highest number of items prescribed between April 2013 to March 2015 correlate with current 
guidelines. Two low priority medicines kaolin and morphine mixture and moxisylyte hydrochloride had 
decreasing prescribing trends compared to their first choice alternatives loperamide and nifedipine. 

Increasing prescribing trends for 5 of these medicines run counter to present guidelines. Although off-license 
and new indications suggested by NICE evidence summaries and guidelines for two of the five medicines, 
clonidine hydrochloride and progesterone pessary, to some degree explain this.3,4  Explanations for these 
increasing trends require further investigation in order to uncover the reasons for this lack of adherence to 
guidelines. 

1. All Wales Advisory Group. Items Identified as Low Priority for Funding in NHS Wales .– Manuscript in preparation. October 
2019  

2. NHS England » Items which should not be routinely prescribed in primary care.2020  [Accessed: 12 January 2020]. Available 
at: https://www.england.nhs.uk/medicines/items-which-should-not-be-routinely-prescribed/  

3. NICE Clonidine for treating attention deficit hyperactivity disorder (ADHD) in children and young people. 2013. [Accessed: 16 
January 2020].  Available at: https://www.nice.org.uk/advice/esuom8/resources/clonidine-for-treating-attention-deficit-
hyperactivity-disorder-adhd-in-children-and-young-people-pdf-17667835333   

4. NICE. 2015. [Accessed: 16 January 2020]. Available from:  
https://www.nice.org.uk/guidance/ng25/chapter/Recommendations#ftn.footnote_ 

 

 

Making health-related behaviour changes: a study of MPharm students’ application 
of health psychology models over three years 

Ceridwen Alaw Edwards and R Yemm 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

It is imperative for pharmacy practitioners to understand the psychology which underpins human behaviour in 
order to be effective in their professional role as health educators. For this reason, using ‘behavioural change 
as a tool to support health promotion’ is included in the GPhC syllabus for pharmacy undergraduate students.1 
This study aimed to explore students’ understanding and experiences of health psychology teaching via 
completion of a behaviour change activity.  

Alongside receiving a health psychology lecture on behaviour change models, second year MPharm students 
at Cardiff University completed an anonymous two-week before-and-after behaviour change diary which 
comprised of documenting their chosen behaviour change and reflect on their experiences. Completed diaries 
were analysed using a mixed methodology: theoretical framework analysis was used to map barriers and 
facilitators to the COM-B model and the theoretical domain framework (TDF), while thematic analysis of free 
text comments was used to identify emergent themes.  

https://www.nice.org.uk/guidance/ng25/chapter/Recommendations#ftn.footnote_
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A total of 137 diaries were submitted by students (2017/18; 73 diaries, 2018/19; 47 diaries, 2019/20; 17 
diaries), of whom, 82 (60%) had mapped their behaviour change to a health psychology theory. 143 of 
reflective statements were mapped to more than one TDF domain, and all 14 domains were utilised. Barriers 
to behaviour change included shortage of time, environmental constraints and available resources, whilst 
facilitators included thorough prior planning. Four themes emerged from the students’ overall reflections: (1) 
embedding into daily life; (2) influence of powerful others; (3) student motivation; and (4) patient empathy.  

The engagement in this behaviour change activity over the three years varied, with fewer students taking part 
each year, possibly indicative of students’ perception of its significance as a topic. A review of teaching on 
health psychology theories is therefore required to improve student engagement with this complex subject. 
Embedding a behaviour into daily life was key to making a successful change, and reinforcement was also 
perceived important. The activity provided students with an insight to the patient experience and empathy for 
possible barriers faced by patients when implementing a behaviour change, therefore improving how future 
pharmacists can provide patient support to make healthy behaviour choices.  

1. General Pharmaceutical Council. Future pharmacists; Standards for the initial education and training of pharmacists. 2011 
[accessed 11 Nov 2019]. Available from: 
https://www.pharmacyregulation.org/sites/default/files/document/future_pharmacists_standards_for_the_initial_education_and
_training_of_pharmacists.pdf 

 

 

The stability of suxamethonium chloride in polypropylene prefilled syringes using 
HPLC analysis 

Heba Elkady, H King, E Jones and AG Cosslett 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff. CF10 

3NB, Wales UK 

Effective rapid sequence intubation means less discomfort in neonates.1  It is important to premedicate 
neonates with the correct dosage to ensure successful treatment. Prefilled syringes are an alternative option 
to allow the safe delivery of key drugs, like suxamethonium chloride for premedicating neonates.2   Research 
has been conducted in the past to assess the stability of suxamethonium outside its original packaging 
(ampoule)3, however, no action has been taken from pharmaceutical companies to produce suxamethonium 
prefilled syringes. For that reason, this project was conducted as it is considered important. 

A total of 264 x 1ml test suxamethonium prefilled syringes were made for this project, each containing 10mg/ml 
of suxamethonium chloride in 5% glucose. For each test syringe 0.2ml was drawn up using a 1ml BD syringe 
from a 100mg/2ml ampoule and then diluted with 5% glucose to 1ml.  No preservatives or additional reagents 
were added to the syringes. Four testing points were used for comparison and to assess stability, these were 
0, 7, 14, 21 days at two different temperatures (room temperature (RT) and fridge(F))). The stability was 
assessed chemically by using a validated stability indicating HPLC analysis technique and physically by 
undertaking visual testing techniques, turbidity, particle count and pH measurements. 

The results of this project weren’t as promising as it would have been hoped. At days 7 RT and 21 F the loss 
percentage loss of suxamethonium was less than 10%, however, for the 21 RT more than 15% of 
suxamethonium was degraded, although issues with the HPLC detector meant there were questions about the 
reliability of the later testing ponts. There was no significant change in pH, but a slight change in turbidity. For 
practical purposes suxamethonium would ideally need to be stable in prefilled syringes, for a longer shelf life. 

More research is needed to assess the maximum shelf life for suxamethonium prefilled syringes. A future 
where parenteral drugs all are manufactured and prepared in a pharmacy cleanroom setting where good 
manufacturing practice guidelines are more closely followed. However, this requires more research and 
development to ensure feasibility. 

1. Billingham S. Rapid Sequence Intubation. Journal of Neonatal Nursing. 2012;18(1):25-9. doi: 10.1016/j.jnn.2010.11.001. 
[Accessed 25 October 2018]. Available from: https://www.sciencedirect.com/science/article/abs/pii/S135518411000270X 

2. Cowley S. The nurse’s role in a suxamethonium based neonatal rapid sequence intubation. Infant. 2013;9(6). [Accessed 25 
October 2018]. Available from: http://www.infantjournal.co.uk/pdf/inf_054_ame.pdf  

3. Pramar YV, Moniz D, Hobbs D. Chemical stability and adsorption of succinylcholine chloride injections in disposable plastic 
syringes. Journal of Clinical Pharmacy and Therapeutics. 1994;19(3):195-8. doi: 10.1111/j.1365-2710.1994.tb00672. 
[Accessed on 29 November 2019]. Available from: https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1365-2710.1994.tb00672.x  
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An Investigation into the Incorporation of the Antifungal Itraconazole into 
Dissolvable Biocompatible Polymers (PLA/PLGA) 

Ffion Evans and MO Ivory 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

Approximately 4.3% of the population suffer with a fungal nail infection (onychomycosis).1 Onychomycosis is 
treated with oral antifungals but there are many implications associated with the long term use of oral 
antifungals. A novel sustained intradermal drug delivery technology is by the use of biodegradable polymer 
microneedles, two being PLGA and PLA. Thus, the aim of this project was to identify whether itraconazole can 
be incorporated into a PLGA-PLA polymer with a view to producing 3D-printed biodegradable polymer 
microneedles.  

Drug incorporation was through the process of solvent casting and hot melt extrusion with scanning electron 
microscopy being used to confirm incorporation. Mechanical testing was carried out on the filaments and discs 
with and without itraconazole incorporated to determine whether the addition of itraconazole had an impact on 
the mechanical strength of the formulation. An in vitro release study was carried out over 14 days in two 
different release media (different concentrations of methanol were used), with samples being taken at different 
time points and analysed using UV-Visible spectroscopy.  

SEM images demonstrated that the itraconazole had been incorporated into the polymers. The percentage 
drug release varied between the filaments and discs along with the medias used. Drug release was shown 
from the itraconazole filament and disc in the 50% media and the itraconazole disc in the 25% media. There 
was no significant difference in the mechanical strength of the filament with and without itraconazole 
incorporated. The discs lacked the mechanical strength to register a reading.  

These results prove that the incorporation of itraconazole into a PLA-PLGA polymer is possible through 
producing solvent cast discs and hot melt extruded filaments. Although there was some release seen from the 
formulations further work would be needed to optimise the balance of drug release and mechanical strength 
to produce a candidate material for microneedles.  

1. Sigurgeirsson B, Baran R. The prevalence of onychomycosis in the global population: a literature study. J Eur Acad Dermatol 
Venereol. 2014;28(11):1480-91. doi: 10.1111/jdv.12323 

 

 

 

Structural optimisation of a new PD-L1 small-molecule inhibitor 

Moussa Bazzoun and S Ferla 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales UK 

Programmed cell death protein 1 (PD-1) and its ligand, programmed death ligand 1 (PD-L1), belong to a group 
of inhibitory immune checkpoint cell surface proteins. PD-1 is found on activated T cells, while PD-L1 is widely 
expressed on the surface of normal tissue and cancer cells.1  PD-1 activation inhibits the function of T-cells 
protecting the human body from autoimmune diseases.2  Abnormally high expression of PD-L1 in certain 
cancers leads to increased PD-1/PD-L1 interaction, inhibiting the function of T cells and the ability of the 
immune system to eradicate cancer cells.3   Anti-PD-L1 and anti-PD-1 monoclonal antibodies are used to 
successfully treat cancers; however, their unfavourable pharmacokinetic profile is associated with toxicities 
and immunogenicity leading to immune-related adverse events.4  As a result of a work previously carried out 
in our research group, five new small molecules were identified as potential PD-1/PD-L1 interaction inhibitors 
using different molecular modelling techniques and their activity confirmed in a biochemical assay.  

This project aims to preform standard medicinal chemistry structural modifications on one of these molecules, 
AB-2476, preparing a small series of derivatives to be tested in a range enzymatic/cell-based bioassays, in 
order to understand which components of AB-2476 are essential for its activity. 

Eight different structural derivatives of AB-2476 were designed and an appropriate synthetic pathway was 
developed for their preparation. A new synthetic pathway for AB-2476 was developed.  

All eight structural derivatives were synthesised, purified and characterised successfully. AB-2476 was also 
successfully synthesised and purified developing a new synthesis pathway. Molecular docking studies were 
performed in order to evaluate the potential binding mode of the new molecules on PD-L1.   
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The newly synthesised compounds will be evaluated in different biological assays and the results will be used 
to structurally optimise AB-2476 in order to design new and more potent PD-1/PD-L1 interaction inhibitors. 

1. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and Its Ligands in Tolerance and Immunity. Annu. Rev. Immunol. 
2008;26(1):677-704.doi:10.1146/annurev.immunol.26.021607.090331                                                                                                                                                 

2. Paluch C, Santos AM, Anzilotti C, Cornall RJ, Davis SJ. Immune Checkpoints as Therapeutic Targets in Autoimmunity. Front 
Immunol. 2018;9:2306-.doi:10.3389/fimmu.2018.02306 

3. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement of PD-L1 on tumor cells in the escape from host 
immune system and tumor immunotherapy by PD-L1 blockade. Proc Natl Acad Sci U S A. 2002;99(19):12293-7. doi: 
10.1073/pnas.192461099 

4. Tan S, Zhang CWH, Gao GF. Seeing is believing: anti-PD-1/PD-L1 monoclonal antibodies in action for checkpoint blockade 
tumor immunotherapy. SIGNAL TRANSDUCT TAR. 2016;1(1):16029. doi: 10.1038/sigtrans.2016.29               

 

 

Do common anti-Parkinson’s drugs influence neuroinflammation in the presence 
and absence of a stem cell transplant? 

Robert Fitzgerald, R Pass and EL Lane 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales UK 

Parkinson’s disease diagnoses are expected to rise by a fifth by 20251 with current treatments providing 
symptomatic relief only. Stem cell transplantation is an up and coming treatment for Parkinson’s disease2 (PD) 
and in Europe clinical trials are in progress. Presently, there is no data on how ongoing medication may affect 
the way a transplant develops and functions. The aim of this study is to determine how anti-Parkinson’s drugs 
can affect the inflammatory response3 surrounding a human embryonic stem cell-derived dopaminergic 
(hESC) transplant. Specifically we aimed to quantify the astrocytic response through immunohistochemistry 
(IHC). 

130 rats were unilaterally depleted of striatal dopamine via a 6-OHDA infusion into the right medial forebrain 
bundle. Rats were then split into groups; each receiving a different treatment out of L-dopa, ropinirole, 
rasagiline, citalopram and saline (control) which was continued until the animals were perfused. Each group 
received either a hESC or a sham graft and immunosuppression for 19 weeks pre-euthanasia. They were 
subjected to amphetamine rotation tests to evaluate lesion extent and graft success. IHC staining was then 
conducted using the anti-GFAP antibody followed by optical density (OD) measurements of the striatum and 
the motor cortex (MC) using ImageJ. A 2-way ANOVA and Dunnett’s multiple comparison test were conducted.   

Amphetamine rotation results show the hESC grafted animals displayed a significant improvement in rotations 
with drug treatment having no effect. In the striatum the astrocytic response in the grafted animals was not 
significant, however, in the MC both the hESC and sham grafted animals displayed a greater astrocytic density 
in the grafted hemisphere compared to the intact hemisphere.  

To increase our confidence in our conclusions this study should be repeated with additions such as OX-42 
staining, cell counts and nigral analysis. This study has shown that, after a longer than standard period of drug 
treatment, the astrocytic response was negligible suggesting that the drugs used do not affect 
neuroinflammation.  

1. Parkinson’s UK. The incidence and prevalence of Parkinson’s in the UK Results from the Clinical Practice Research Datalink 
Summary report. London: Parkinson’s UK; 2018 [Accessed: 12 November 2019]. Available from: 
https://www.parkinsons.org.uk/sites/default/files/2018-
01/CS2960%20Incidence%20and%20prevalence%20report%20branding%20summary%20report.pdf 

2. Barker RA, Barrett J, Mason SL, Björklund A. Fetal dopaminergic transplantation trials and the future of neural grafting in 
Parkinson’s disease. The Lancet Neurology. 2013;12(1):84–91. doi: 10.1016/S1474-4422(12)70295-8 

3. Del-Bel E, Bortolanza M, Dos-Santos-Pereira M, Bariotto K, Raisman-Vozari R. L-DOPA-induced dyskinesia in Parkinson’s 
disease: Are neuroinflammation and astrocytes key elements? Synapse. 2016 ;70(12):479–500. doi:10.1002/syn.21941 

 

 

Evidence to support a mechanism of action for how simvastatin induces apoptosis 
in human breast cancer cell lines 

Martina Gennuso and SE Hiscox 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales UK 

Over the past few decades, epidemiological evidence has arisen for an anticancer effect of statins in different 
solid tumours, leading to the future possibility of repurposing statins as anticancer therapies and the 
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accompanying clinical and economic benefits that could arise from this. Breast cancer, and in particular Triple 
Negative Breast Cancer (TNBC), is a condition associated with high mortality; mainly as a consequence of the 
severely limited treatment options for patients with this form of the disease. This rapid review aims to identify 
the anticancer mechanism of action for statins in breast cancer cells and use this to support and direct future 
treatment research to improve patient prognosis. 

A literature search was conducted across several research databases in order to find, evaluate and denote 
trends in papers which outlined statins possible anticancer mechanisms of action in breast cancer cell lines. 
Searches were assessed using PRISMA and CASP to provide quality assurance for the data arising from each 
search. 

Results indicated that simvastatin induced apoptosis via the intrinsic pathway by decreasing phosphorylation 
levels in both PI3K/Akt/mTOR and Raf/MAPK/ERK signalling pathways; there was a consensus across the 
literature that TNBC cell lines were more sensitive to statin treatment. Additionally, data pointed to the role of 
improved statin drug delivery using immunoliposomes as a potential mechanism to enhance TNBC treatment.   

Whilst this study and other work within the field point to a potential role for statins as anticancer drugs in breast 
cancers, it is clear that further in vivo research is needed alongside enhanced drug delivery approaches to 
better evaluate statin efficacy in tumours. 

 

What is the optimal approach to treat anaemia using iron for patients with chronic 
kidney disease (Grade 3-5) who are not receiving in-centre haemodialysis? A rapid 

systematic review 

Hawraa Ghadanfari, M Gumbleton, J Jenkins and C Brown1 

Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
3NB, Wales, UK and 1Morriston Hospital Department of Nephrology, Heol Maes Eglwys, Swansea, SA6 6NL, Wales, UK 

Iron deficiency anaemia is common in chronic kidney disease (CKD), particularly at stages 3-5. The current 
UK national guidelines lack specific detail on dosing iron but provide a generalized strategy for iron therapy in 
people not receiving haemodialysis.1 There are slight differences in recommendations by NICE and the UK 
Renal Association (RA) as to the role of oral iron in ESA-treated CKD patients.2,3 NICE recommends offering 
a high-dose low-frequency (HDLF) approach (IV iron doses ≥500mg given in ≤2 consecutive infusions) to ESA-
treated non-dialysis patients or when oral iron is not tolerated.3 However, the guidance on precise dosing 
protocols to attain and maintain adequate iron stores is not defined. This rapid review aims to establish whether 
the current literature offers further insight to assist clinicians in their iron treatment decisions in transplant, non-
dialysis, home haemodialysis, and peritoneal dialysis patients.  

Evidence-based search engines were used to systematically screen the literature for the evidence on optimal 
iron therapy, including safety and efficacy, in the non-in-centre population.  

The search identified eighteen eligible papers, published between 1996-2019, investigating the safety and 
efficacy of a range of iron therapies. Only one study was identified in transplant patients and none in the home 
haemodialysis sub-group.   

Further iron studies are needed to determine optimal iron therapy in the transplant, home-haemodialysis, and 
peritoneal dialysis cohorts. The literature demonstrates that the HDLF approach is safe and effective, and oral 
iron is suitable to consider in maintaining Hb levels after attainment is achieved by IV iron. Although the 
absolute optimal dose has not been established in this review, the minimum dose of 500mg used to define a 
HDLF protocol is suboptimal to the suggested dose in the literature, typically a benchmark dose of 1g. In ESA-
treated ND people, the literature supports the national recommendations to offer IV iron to attain Hb levels. 

1. Macdougall IC. Iron supplementation in the non-dialysis chronic kidney disease (ND-CKD) patient: oral or intravenous? 
Current Medical Research and Opinion. 2010;26(2):473-82. doi: 10.1185/03007990903512461  

2. Mikhail A, Brown C. Williams J, Mathrani V, Shrivastava R, Evans J, et al. Clinical Practice Guideline: Anaemia of Chronic 
Kidney Disease. Renal Association; 2017 [accessed 20 Oct 2019]. Available from: https://renal.org/wp-
content/uploads/2017/06/anaemia-of-chronic-kidney-disease5d84a231181561659443ff000014d4d8.pdf 

3. National Institute for Health and Care Excellence. Chronic kidney disease: managing anaemia. NG8. London: National 
Institute for Health and Care Excellence; 2015 [accessed 22 Oct 2019]. Available from: https://www.nice.org.uk/guidance/NG8 
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Could certain Amaryllidaceae alkaloids be more effective in the treatment of brain 
cancer than temozolomide? 

Layla Gillespie and AW White  
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

The 5-year survival rate of a brain tumour is 15%1 resulting in over 5,000 people dying from them each year.2 
Temozolomide is currently first-line chemotherapy treatment for brain tumours3 however due to the extremely 

low survival rate, there is a clear need for novel treatments. Alkaloids produced by the Amaryllidaceae family of 
flowering plants have been discovered to possess substantial anticancer properties towards brain tumours.4 
This aim of this project is to determine whether certain Amaryllidaceae alkaloids could be more effective in 
treating brain cancer than temozolomide. 

A search algorithm was replicated on several online databases; PubMed, SciFinder, EMBASE and Web of 
Science. Inclusion criteria of Gi50 (growth-inhibitory) data was decided upon to choose the final number of papers. 

These values were then compared to values for temozolomide to determine whether Amaryllidaceae alkaloids 
possessed stronger anticancer activity. The PRISMA Flowchart displays that the number of papers on the 
Amaryllidaceae alkaloids found through searching on all four databases were narrowed down from 154 to the 
final 11 papers allowing a rapid systematic review to be conducted. 

A quantitative analysis determined that the GI50 values for the alkaloids ranged from 0.029-99 M compared 

to weaker values of 22.5-719 M for temozolomide. Overall, the alkaloid that demonstrated the strongest 

anticancer activity was narciclasine with an GI50 value of 0.029 M and the alkaloid that demonstrated the 

weakest anticancer activity was bulbispermine with a GI50 value of 99 M. 

The data within this review supported the claim that certain Amaryllidaceae alkaloids possessed superior 
anticancer activity towards brain cancer cell lines than temozolomide. Cardiff School of Pharmacy is currently 
investigating which compounds with anticancer activity are present in the juice of daffodils. Therefore, the 
chemical structures of promising Amaryllidaceae alkaloids within this review could aid the identification of 
additional alkaloids within the daffodil juice. 

1. NHS UK. 2017. Brain tumours. [Accessed 2 Dec 2019]. Available from: https://www.nhs.uk/conditions/brain-tumours/  
2. The Brain Tumour Charity. 2020. [Accessed 2 Dec. 2019]. Statistics about brain tumours | The Brain Tumour Charity. 

Available from: https://www.thebraintumourcharity.org/get-involved/donate/why-choose-us/the-statistics-about-brain-tumours/  
3. Van Genugten JA, Leffers P, Baumert BG, Tjon-A-Fat H, Twijnstra A. Effectiveness of temozolomide for primary glioblastoma 

multiforme in routine clinical practice. J. Neuro-Oncol. 2009;96(2):249-257. doi: 10.1007/s11060-009-9956-7 
4. Van Goietsenoven G, Andolfi A, Lallemand B, Cimmino A, Lamoral-Theys D, Gras T, et al. Amaryllidaceae Alkaloids 

Belonging to Different Structural Subgroups Display Activity against Apoptosis-Resistant Cancer Cells. J Nat Prod. 
2010;73(7):1223-7 

 

 

 

The Design of SPAK and OSR1 Kinase PROTACs as Therapeutic Agents 

Samuel Gregg-Winmill and Y Mehellou 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, 

CF10 3NB, Wales, UK 

SPAK and OSR1 are protein kinases involved in the WNK-signalling cascade; an important pathway in the 
control of blood pressure. Due to the incidence of resistance, allergies and intolerance associated with current 
antihypertensive treatments, there is demand for novel drugs.1 PROTACs are heterobifunctional molecules 
consisting of three components, with the ability to hijack the ubiquitin proteasome pathway (UPP). The UPP is 
a system that induces degradation of specific disease causing proteins.2 These findings have led to a novel 
approach to identify, design and synthesise PROTAC molecules to be used as therapeutic antihypertensive 
agents by degradation of SPAK and OSR1 protein kinases.  

An online literature research identified various molecular fragments that have been selected and chemically 
combined to form the general structure of a PROTAC molecule; the E3 ligand, linker and warhead. Using 
SwissADME, the physicochemical properties of six novel PROTACs formed were analysed and two PROTACs 
identified for potential therapeutic use. The proposed synthesis of each PROTAC was then illustrated. 
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VHL has been shown to be a superior inducer of targeted protein degradation in cancer cell lines and was 
identified as a more suitable E3 ligase target in contrast to CRBN to hijack the UPP.3 The selection of two 
linkers, consisting of 19 and 10 atoms in length and compounds 13, 14 and 20 were selected as suitable 
warheads to complete the design of six novel PROTACs.1, 4 Comparison of physicochemical properties 
resulted in the selection and illustrated proposed synthesis of two prime candidates, namely SGW002 and 
SGW005. 

In vivo studies and mass spectrometry techniques are required to confirm the effectiveness and selectivity of 
SGW002 and SGW005 as therapeutic agents for hypertension.  

1. 1. AlAmri M, Kadri H, Dhiani B, Mahmood S, Elzwawi A, Mehellou Y. WNK Signaling Inhibitors as Potential New 
Antihypertensive Drugs. ChemMedChem. 2017;12(20):1677-1686. doi: 10.1002/cmdc.201700425 

2. 2. Collins I, Wang H, Caldwell J, Chopra R. Chemical approaches to targeted protein degradation through modulation of the 
ubiquitin–proteasome pathway. Biochemical Journal. 2017;474(7):1127-1147. doi: 10.1042/bcj20160762 

3. 3. Girardini M, Maniaci C, Hughes S, Testa A, Ciulli A. Cereblon versus VHL: Hijacking E3 ligases against each other using 
PROTACs. Bioorganic & Medicinal Chemistry. 2019;27(12):2466-2479. doi: https://doi.org/10.1016/j.bmc.2019.02.048 

4. 4. Cyrus K, Wehenkel M, Choi E, Han H, Lee H, Swanson H et al. Impact of linker length on the activity of PROTACs. Mol 
BioSyst. 2011;7(2):359-364. doi: 10.1039/c0mb00074d 

 

 

Evaluating adverse drug reaction (ADR) reporting from April 2017 to March 2019 at 
the Welsh Medicines Information Centre (WMIC) 
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ADRs impact both individuals and healthcare systems and are a leading cause of hospital admissions. 1 
Since 2011, pharmacy staff in medicines information (MI) have been able to report ADRs directly through 
MiDatabank,2 the software used to manage enquiries. No peer-reviewed research has been conducted 
into reporting rates via this route. This project therefore aimed to evaluate ADR reporting rates through 
MiDatabank and to understand the views of MI staff about MiDatabank as a method of ADR reporting, 
particularly relating to barriers and facilitators. 

To determine reporting rate and investigate possible factors influencing this, phase one consisted of 
secondary analysis of ADR related MI enquiries at WMIC from 01/04/2017 to 31/03/2019, to establish  
whether they were a) reportable and b) reported. Results were analysed using Microsoft Excel and SPSS. 
Phase two used focus groups to explore the views of MI staff, following School Ethics approval. Focus 
groups were audio-recorded, transcribed and thematically analysed. 

In total, 61% of patient-specific ADR-related enquiries were reportable. The overall reporting rate of 
reportable ADRs was 34%. Of the factors investigated, status of enquirer and route of response had the 
greatest impact on reporting rates. Five discussion themes were identified from the focus groups: 
technical ADR reporting issues, knowledge of how to report, knowledge and attitudes towards ADR 
reporting, barriers in MI versus other areas of practice and understanding guidance.  

Reporting rates were higher than expected, but significant numbers of ADRs remain unreported. Further 
work is required to determine whether these results are generalisable to the rest of Wales. MI staff 
identified a number of barriers to reporting and many of these were similar to those experienced by 
hospital pharmacists in general,3,4 despite the unique working environment of MI. Recommendations from 
this project involve changes to training and ADR reporting software. These changes could increase ADR 
reporting, which will ultimately enhance patient safety. 

1. Pirmohamed M, James S, Meakin, S, Green C, Scott AK, Walley TJ, et al. Adverse drug reactions as cause of admission to 
hospital: prospective analysis of 18,820 patients. BMJ. 2004;329(7456):15-9. doi:10.1136/bmj.329.7456.15 

2. CoAcS Ltd. Electronic yellow cards/ADR reporting in MiDatabank. 2017 [accessed 19 Dec 2019]. Available from: 
http://www.midatabank.com/ADRs/ElectronicYellowCardsADRReporting.aspx  

3. Arabyat RM, Martinez AS, Nusair MB. Adverse drug event reporting by pharmacists: a systematic literature review. J Pharm 
Health Serv Res. 2020; [Epub ahead of print]. doi:10.1111/jphs.12332 

4. Hadi MA, Neoh CF, Zin RM, Elrggal ME, Cheema E. Pharmacovigilance: pharmacists' perspective on spontaneous adverse 
drug reaction reporting. Integr Pharm Res Pract. 2017;6:91-8. doi:10.2147/IPRP.S105881 
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Design and Synthesis of Novel non-nucleoside inhibitors of Human Norovirus 

Pui Kei Ho, S Ferla and A Brancale 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  

CF10 3NB, Wales UK.  

Human norovirus is the most common cause of acute gastroenteritis which has associated with significant 
health and economic consequence globally.1  So far, no vaccination and therapeutic treatment are licensed to 
treat this infection while this raises the interest of investigating potential antiviral candidates. RNA-dependent 
RNA polymerase is a fundamental target in antiviral research. One of the three allosteric binding site, site B, 
has reported as an ideal target for de novo drug development.2   A previous study reported two novel scaffolds, 
which bind to site B, obtain a promising inhibitory activity. Therefore, this project aims to modify the scaffolds 
to synthesise novel small molecules that have improved the drug-like properties3.  

The novel compounds were synthesized in the laboratory according to a four steps synthesis effort that has 
reported previously.3  Products were purified by column chromatography or recrystallisation. Several 
chromatography and spectra, such as TLC, UPLC-MS and NMR were used to analyse the synthesized 
compounds. After that, docking studies were carried out in order to investigate the binding efforts between the 
new compounds and the binding pocket of RdRp by using Glide. 10 poses per each novel compound were 
prepared, which was then undergo visual inspection in MOE.    

8 novel compounds were synthesized in the laboratory based on the optimized synthetic effort from previous 
study. A poor to good range of yield were obtained, which the poor yield is potentially due to poor solubility in 
the solvent. Docking of the new compounds revealed theoretical interactions with the RdRp site-B.   

The binding efforts revealed new compounds that obtained ability to inhibit human norovirus RdRp. The 
inhibitory activity of the newly synthesized compound will be examined in the biological assay. Potential 
candidates will be evaluated the structural activity relationship and further optimized to improve the drug-like 
properties. 

1. Bartsch SM, Lopman BA, Ozawa S, Hall AJ, Lee BY. Global economic burden of norovirus gastroenteritis. PLoS 
One. 2016;11(4):e0151219. doi: 10.1371/journal.pone.0151219. 

2. Netzler NE, Enosi Tuipulotu D, Eltahla AA, Lun JH, Ferla S, Brancale A, et al. Broad-spectrum non-nucleoside inhibitors for 
caliciviruses. Antiviral Res. 2017;146:65-75. doi: 10.1016/j.antiviral.2017.07.014.  

3. Giancotti G, Rigo I, Pasqualetto G, Young MT, Neyts J, Rocha-Pereira J, et al. A new antiviral scaffold for human norovirus 
identified with computer-aided approaches. Sci Rep. 2019;9(1):18413. doi: 10.1038/s41598-019-54903-7. 
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Rhiannon Hughes and W Davies. 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  
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Communicating effectively is essential to patient-centred care and improving patient satisfaction.1,2 

Due to most Welsh speakers having the ability of also speaking English fluently, it is often a language barrier 
that isn’t noticed by many service providers in healthcare settings.3 Welsh language standards and duties are 
expected of NHS services and independent primary care providers.4 These include utilising bilingual 
advertisement and documents, establishing and respecting language preferences of patients and also raising 
awareness of the availability of Welsh language service provision. The aim of this study was to explore the 
views and experiences of Welsh speaking patient’s on the use and availability of services provided through 
the medium of Welsh by pharmacies. 

Due to the exploratory nature of the study qualitative focus groups were chosen as the data collection tool. 
Non-probability purposive sampling was used to recruit participants ensuring they met the study inclusion 
criteria; 1)Welsh speaking 2)Use of pharmacy services. Focus groups were audio recorded and transcribed 
verbatim. Data was thematically analysed to identify themes and sub-themes. 

Four main themes were identified: Influential environmental factors, identifies how family background and 
location influences language choice, Welsh awareness and availability; Wellbeing, identifies sensitive and 
emotional factors in relation to communication; Language proficiency, identifies the language standards 
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accepted and expected of medical professionals by patients; and Provisional expectations, identifies the 
current delivery of Welsh provision, imbalance of responsibility and considerations for future improvements.  

This study concluded that Welsh services by healthcare providers are not made clearly available. There is a 
lack of awareness of the importance of bilingual provision and the beneficial impacts of patients having their 
preferred language choice. Further studies are required to explore views on the Welsh service availability 
nationwide, evaluate the success of the active offer across Wales and future improvements to the visible 
awareness of Welsh provision availability. 

1. Miller L R, Peck.B M. Patient-Centered Care: An Examination of Provider-Patient Communication Over Time. Health Serv 
Manag Epidemiol.2019;6. doi: 10.1177/2333392819882871 

2. Choen Ang W, Swain N, Gale C. Evaluating communication in healthcare: Systematic review and analysis of suitable 
communication scales. J Commun Healthc. 2013; 6(4): 216-222. doi: 10.1179/1753807613Y.0000000041 

3. Irvine F.E, Roberts G.W, Jones P, Spencer L.H, Baker C.R, Williams C. Communicative sensitivity in the bilingual healthcare 
setting: A qualitative study of language awareness. JAN. 2006; 53(4): 422-434. doi: 10.1111/j.1365-2648.2006.03733.x  

4. Welsh Statutory Instruments. The National Health Service (Welsh Language in Primary Care Services) (Miscellaneous 
Amendments) (Wales) Regulations 2019. 2019 [accessed 23 Oct 2019].  Available from: 
http://www.legislation.gov.uk/wsi/2019/917/made  

 

  

 
Exploring the Independent Prescribing Role of the Community Pharmacist 

Katie Isaac and RE Deslandes 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
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The role of independent prescribing began in 2006 which allowed other healthcare professionals including 
pharmacists, as well as doctors and dentists, to prescribe medication to patients within an area of 
competence.1 Independent prescribing was mostly observed in secondary care but has developed into primary 
care since the introduction of GP clusters in 2015. This role has recently expanded into community pharmacy 
with the Welsh Government proposing to introduce an independent prescriber into every community pharmacy 
by 2030.2 However, there is little research surrounding their role in this setting so the aim of this project was 
to investigate the views of independent prescribing community pharmacists on their role and associated 
training. 

To carry out this research a qualitative methodology was used in the form of semi-structured interviews. A 
purposive sampling method identified appropriate individuals.3 Once ethical approval was gained from Cardiff 
School of Pharmacy and Pharmaceutical Sciences’ school Ethics committee, gatekeepers were utilised to 
facilitate participant recruitment. Once interviews were completed they were transcribed and inductive and 
deductive thematic analysis was performed.4 

Twelve interviews were conducted. The attitude towards training was positive, however, a greater emphasis 
on physical assessments was suggested. The pharmacists used their qualification to provide successful 
services within community pharmacy including a minor ailments service and addiction clinic. Nevertheless, the 
main barriers identified to its implementation were lack of funding, lack of support and limited access to GP 
records. All participants were supportive of the 2030 Vision, however, many doubted the likeliness of its 
success due to identified barriers. 

This research identified challenges to the implementation and continuation of the role in community pharmacy. 
Recommendations have been provided including emphasis on hands-on skills within the MPharm degree and 
a standard framework for funding to be reviewed by relevant bodies. 

1. Cope, L.C. et al. 2016. Nonmedical prescribing: where are we now? Therapeutic Advances in Drug Safety. doi: 
10.1177/2042098616646726 

2. Welsh Pharmaceutical Committee. 2019. Pharmacy: Delivering a Healthier Wales. Available at: 
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/Pharmacy%20Vision%20English.p
df?ver=2019-05-21-152234-477 

3. Austin, Z. Sutton, J. 2019. Research Methods in Pharmacy Practice. China: Elsevier Limited. 
4. Braun, V and Clarke, V. 2006. Using thematic analysis in psychology. Qualitative Research in Psychology. doi: 

10.1191/1478088706qp063oa. 
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Testing the chemical and physical stability of folinic acid a chemotherapy adjunct in 
a continuous ambulatory delivery device (CADD) 

Jack Sharman and CP Thomas 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 

3NB, Wales, UK 

Chemotherapy is a long and complex treatment for many cancers. With advances in medicine patients are 
often living longer, meaning that the burden financially and socially on the NHS becomes extreme 1. However, 
some of the burden can be reduced from the usage of continuous ambulatory delivery devices (CADD’s), 
meaning chemotherapy and its adjuncts such as folinic acid can be given to patients in the comfort of their 
own home. There is currently little information on folinic acids stability within CADD’s. Therefore, this project 
aims to assess folinic acids stability within a CADD during storage and in use temperatures by patients. 

10 CADD cassettes were prepared containing 10mg/ml of folinic acid solution. 5 cassettes were stored at 4℃ 

(storage temperature) and 5 were stored at 40℃ a realistic maximum in use temperature by patients. Cassettes 
were sampled at day 0,3,7 and 10 and diluted to 0.5mg/ml with saline. These samples were then chemically 
analysed for stability via high performance liquid chromatography (HPLC). Samples were also analysed for 
physical stability by visual inspection, turbidity, particle count and pH measurements.   

Both groups of cassettes stored at 4 and 40℃ remained above 90% of the original concentration for the entire 
10-day testing period. No major increase in known degradation peaks were detected, also no new peaks were 
detected when comparing cassettes against a control folinic acid stored in a glass vial, indicating no 
incompatibilities with the container. Physical testing also indicated stability. 

The results of the project show that folinic acid is stabile within the CADD cassette for a minimum of 10 days, 
consistent with extended stability data from Levofolic’s® manufacturer Medac Pharma 2. Thus, allowing the 
cassettes to be aseptically made and stored prior to dispensing to patients and given to patients to receive in 
the comfort of their own home.  

1. Cancer Research UK. Cancer incidence statistics. 2018 [accessed 28 Oct 2019]. Available from: 
https://www.cancerresearchuk.org/health-professional/cancer- statistics/incidence#heading-Zero  

2. Medac Pharma. Levofolinic acid guidelines for the safe handling and drug stability information. 2011 [accessed 22 Oct 2019]. 
Available from: Medac Pharma 
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339 million people are affected by asthma worldwide and it is responsible for 100 deaths per day.1 In the last 
5 years, there has been a 20% rise in deaths caused by asthma in the United Kingdom.2 Potential causes are 
poor inhaler technique and adherence. The aim of this study is to investigate whether poor asthma control is 
caused by inadequate inhaler technique and poor adherence. 

Convenience sampling was used to recruit 55 patients from 6 community pharmacies in South Wales. 
Participants read a Participant Information Sheet and were helped to complete the following: Patient Consent 
Form, Data Collection Sheet, Asthma Control Test (ACT), Test of Adherence to Inhalers (TAI) questionnaire. 
A Vitalograph Aerosol Inhalation Monitor (AIM) device measured inhaler technique. Mann-Whitney U or 
Kruskal-Wallis test was used to determine statistical differences among groups.  

Major findings include 67% of patients had uncontrolled asthma. 48% of overall inhaler technique obtained a 
fail (Dry powder inhaler assessments scored the lowest fail percentage at 24%), indicating poor inhaler use. 
Metered dose inhaler (MDI) technique was significantly worse compared to the other inhalers and more MDI 
users shook their inhalers (38%) compared to MDI with spacer users (18%). When looking at all inhaler 
devices, 64% held their breath however, MDI users were more likely to hold their breath when compared to 
the other inhalers. 78% of patients demonstrated poor adherence. Lastly, a significant difference was found 
between asthma control and education.  
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Between poor control, inhaler technique and adherence, no significant differences were detected. However, 
similar studies testing similar parameters have found a correlation. 3,4 Repeated studies with larger sample 
sizes would be needed to find a significant difference between the three parameters.  

1. Global Asthma Network. The global asthma report 2018. [accessed 12 Dec 2019]. Available from: 
http://globalasthmareport.org/ 

2. Pharmaceutical Services Negotiating Committee. Essential facts, stats and quotes relating to asthma. 2020 [accessed 20 
Oct]. Available from:https://psnc.org.uk/services-commissioning/essential-facts-stats-and-quotes-relating-to-asthma/                                                                          

3. Dhruve H. Management of asthma: adherence, inhaler technique and self-management. Respir Med. 2018;29(10):465-468.                            
4. Capanogul M, Misirlioglu ED, Toyran M, Civelek E, Kocabas CN. Evaluation of inhaler technique, adherence to therapy and 

their effect on disease control among children with asthma using metered dose or dry power inhalers. J Asthma. 
2015;52(8):838-845. doi:10.3109/02770903.2015.1028075 

 

 

Correlative analysis of proteins regulating lipoprotein binding and endocytosis in 
cell lines tested for lipid nanoparticle mediated mRNA delivery 
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Lipid nanoparticles (LNPs) have gained significant attention for their potential as vectors for intracellular 
messenger RNA (mRNA) delivery. mRNA utilised as a therapeutic possesses potential for curing several rare 
and debilitating conditions by directly targeting their genetic drivers. The delivery of bare mRNA has posed 
numerous difficulties because of its anionic and macromolecular nature.1 Due to several other contributing 
troubles, LNPs are required to encapsulate mRNA to facilitate successful transport across the plasma 
membrane into cells. The mechanism of LNP uptake has been associated with low density lipoprotein 
receptors (LDLR) where LDLR mediated endocytosis facilitates intracellular LNP entry.2 Recent research 
established that cancer cell lines HCT116, H368 and SCC9 exhibited varying expression of a protein encoded 
by LNP encapsulated mRNA.3 HCT116 was deemed the best expressor, H358 a medium expressor followed 
by SCC9 the worst expressor.3 This project aimed to identify the differential expression of LDLR in these cell 
lines to determine which were significant in LNP delivery. Consequently, there is hope for optimisation of future 
LNP formulation to enable optimal interaction with key receptors. 

Total RNA was extracted from HCT116, H358 and SCC9 cells and used for complementary deoxyribonucleic 
acid synthesis (cDNA) through reverse transcription. Quantitative polymerase chain reaction (qPCR) was 
performed to determine the mRNA expression levels of several LDLR primarily: LDLR itself, VLDLR, ApoER2, 
SCARB 1, 2 and 3.  

Despite HCT116 previously exhibiting the best protein expression through LNPs, it presented the lowest mRNA 
expression of many LDLR whereas SCC9 illustrated the greatest. This elucidated that solely LNP transport 
into cells may not be problematic however poor endosomal escape of mRNA may limit expression 

It can be concluded that therapeutic mRNA expression is not only reliant on LDLR but is multi factorial. It can 
be speculated that endosomal escape of mRNA is equally important requiring further investigation. 

1. Kowalski P, Rudra A, Miao L, Anderson D. Delivering the Messenger: Advances in Technologies for Therapeutic mRNA 
Delivery. Molecular Therapy. 2019;27(4):710-728. doi: 10.1016/j.ymthe.2019.02.012 

2. Suzuki Y, Ishihara H. Structure, activity and uptake mechanism of siRNA-lipid nanoparticles with an asymmetric ionizable 
lipid. International Journal of Pharmaceutics. 2016;510(1):350-358. doi: 10.1016/j.ijpharm.2016.06.124 

3. Sayers E, Peel S, Schantz A, England R, Beano M, Bates S et al. Endocytic Profiling of Cancer Cell Models Reveals Critical 
Factors Influencing LNP-Mediated mRNA Delivery and Protein Expression. Molecular Therapy. 2019;27(11):1950-1962. doi: 
10.1016/j.ymthe.2019.07.018 

 

 

Molecular modelling studies on the structure and function of Nicotinamide 
mononucleotide adenylyl transferase 2. 
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Nicotinamide mononucleotide adenylyl transferase (NMNAT) is the vital enzyme of the Nicotinamide adenine 
dinucleotide (NAD) biosynthetic pathway catalysing the formation of NAD through the nucleophilic attack of 
ATP’s.1 NMNAT exists in three human forms NMNAT1, NMNAT2, and NMNAT3, with each differing in gene 
sequence, catalytic properties and patterns of gene expression. NMNAT2 is the only isoenzyme whose crystal 
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structure has yet to be resolved.1 NMNAT agonists have been studied for use in glaucoma gene therapy2, with 
the ligand Epigallocatechin gallate(EGCG)3, a polyphenolic constituent of green tea known to activate the 
enzymatic action of NMNAT2. This study aimed to locate EGCG binding pockets on a homology-based 
structural model of NMNAT2.   

A structure-based approach was used to construct an NMNAT2 homology model. This model was refined by 
using molecular dynamics simulations in a solvent box to obtain a 3D structure.1 This structure was assessed 
and binding sites within the structure were Site mapped using Glide. Docking processes were then used to 
model the interaction between EGCG and the protein NMNAT3 at the atomic level.4 Comparative analysis was 
then undergone to establish effective binding pockets associated with NMNAT2.   

The overall sequence identity of our homology model is 34%, with 52% positive residues and only 15% of the 
overall sequence missing. The results of the study also identified 7 suitable EGCG pockets within the structure 
of NMNAT3, that would potentially induce conformational changes upon binding. This proved the study results 
beneficial.  

Though our results were promising we could not locate the EGCG pockets found in NMNAT3 within the 
NMNAT2 structure created by our homology model. Further research is required into the structure of NMNAT2 
as well as a supplementary comparative analysis to detect the EGCG binding pockets within the structure of 
NMNAT2. 

1. Brunetti L, Di Stefano M, Ruggieri S, Cimadamore F, Magni G. Homology modelling and deletion mutants of human 
nicotinamide mononucleotide adenylyltransferase isozyme 2: new insights on structure and function relationship. Protein Sci. 
2010;19(12):2440-50. doi: 10.1002/pro.526 

2. Williams PA, Harder JM, John SWM. Glaucoma as a Metabolic Optic Neuropathy: Making the Case for Nicotinamide 
Treatment in Glaucoma. J Glaucoma. 2017;26(12):1161-8. doi: 10.1097/IJG.0000000000000767 

3. Berger F, Lau C, Dahlmann M, Ziegler M. Subcellular compartmentation and differential catalytic properties of the three 
human nicotinamide mononucleotide adenylyltransferase isoforms. J Biol Chem. 2005;280(43):36334-41. doi: 
10.1074/jbc.M508660200 

4. Meng XY, Zhang HX, Mezei M, Cui M. Molecular docking: a powerful approach for structure-based drug discovery. Curr 
Comput Aided Drug Des. 2011;7(2):146-57. doi: 10.2174/157340911795677602 
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Despite the clinical promise of microneedles (MNs) as a novel transdermal drug delivery system for a range of 
therapeutic candidates, the Critical Quality Attributes (CQAs) of the delivery system and associated 
standardised CQA testing methods have not been identified.1 In order for developers to assess the safety and 
performance of MNs for the regulatory authorities, testing methods are needed to characterise MN CQAs. 
However, there are no specific standardised test methods currently available for the MN dosage form and 
therefore work is required to identify potentially suitable test methods. This study aims to perform a rapid review 
of the published literature to identify and evaluate testing methods that have been used to assess two CQAs 
of coated MNs for use in skin, namely dissolution and puncture performance. 

A comprehensive rapid review of the published literature was carried out using the online databases OVID, 
Embase and Medline in order to collect information regarding the testing methods used to analyse dissolution 
and puncture performance of coated microneedle delivery systems. The principles of PRISMA were followed 
to identify and screen publications for eligibility using a designated inclusion and exclusion criteria.2 

The rapid review identified 2379 initial publications, which were then screened for eligibility. A total of 15 
publications described dissolution testing for coated MNs and 25 publications described puncture 
performance. From these publications, testing methods and their parameters were qualitatively evaluated. 
Results demonstrated that dye staining of MN created pores is the most developed and frequently used 
method for testing puncture performance. For dissolution testing however, publications lack detail and 
consistency in the testing methods and parameters used.  
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This study exposes the need for the development of standardised, well documented and validated test 
methods for dissolution and puncture performance of coated MN delivery systems in order to accelerate 
innovation and commercialisation of MN products. 

1. Li J, Zeng M, Shan H, Tong C. Microneedle patches as drug and vaccine delivery platform. Curr Med Chem. 
2017;24(22):2413–2422. doi:10.2174/0929867324666170526124053 

2. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009) Preferred Reporting Items for Systematic Reviews                                                              
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. https://doi.org/10.1371/journal.pmed.1000097 
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It could be argued that, nowhere in therapeutic development, has the promise been greater and the failures 
more widely-publicised than in viral gene therapy for inherited genetic conditions (VGTIGC). In the early days, 
VGTIGC brought hope of a cure for devastating genetic conditions, however, serious adverse events related 
to faults in viral vectors put these hopes to rest.1 The objective of this study is to review descriptive data on 
VGTIGC clinical trials conducted worldwide from 1989-2018, to determine if VGTIGC is still being held back 
by its history and to predict the future of the field.  

A publicly available database, ‘Gene Therapy Clinical Trials Worldwide’,2 along with a second source, were 
used to extract the following data on the clinical trials: date of initiation, country of origin, disease targeted, 
gene transferred, status, phase, enrolment and sponsor. 

Between 1989-2018, 281 VGTIGC clinical trials have been conducted. This number did not increase steadily 
over time but peaked in 2018. The USA have conducted the majority of clinical trials (45.2%) but the number 
of trials initiated in China is on the rise. The three main indications targeted are Adenosine Deaminase Severe 
Combined Immunodeficiency, Cystic Fibrosis and Chronic Granulomatous Disease, however, with no success. 
Only a small percentage (8%) of clinical trials have reached phase II/III or III, of these the AAV is the main 
vector used. Currently, 5 VGTIGC products have receive marketing authorization.  

It would be unfair to say that VGTIGC is still being held back by its early setbacks. With better characterization 
of the viral vectors and diseases treated, the major safety issues surrounding the field are no longer such a 
concern.3 Although the success rate of clinical trials are low and there are still hurdles to overcome, it seems 
VGTIGC might finally become a reality in the near future.4 

1. Malorye, A. B. 2005. Gene therapy: cursed or inching towards credibility? Nature Biotechnology 23(5), p. 519. doi: 
10.1038/nbt0505-519 

2. The Journal of Gene Medicine. 2019. Gene therapy clinical trials worldwide.  Available at: 
http://www.abedia.com/wiley/index.html [Accessed:03/01/2020].  

3. Luigi, N. 2015. Gene therapy returns to centre stage. Nature 526(7573), p. 351. doi: 10.1038/nature15818 
4. Quinn, C. et al. 2019. Estimating the Clinical Pipeline of Cell and Gene Therapies and Their Potential Economic Impact on the 

US Healthcare System. Value in Health 22(6), pp. 621-626. doi: 10.1016/j.jval.2019.03.014 
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Mycobacterium Tuberculosis (Mtb) is a contagious pathogen that has had a staggering global impact and is a 
leading cause of mortality.1 Triazoles are heterocyclic compounds with a broad spectrum of biological activities 
that has received increasing attention in biomedical research in recent years due to their versatility and the 
many derivatives that can be synthesised from them to produce functional motifs.1 They have gained interest 
in recent years due to their potential as antimicrobial agents. Due to the development of drug-resistant TB and 
increasing spread of TB, the need for novel antimycobacterial agents has risen. 

This rapid systematic review displays evidence in the literature of the in vitro antimycobacterial activity of 
triazole derivatives from 2009 to 2019. Three bibliographical databases were used (Scopus, Web of Science 
and PubMed), resulting in a total of 18 studies that were included in this review based on the eligibility criteria 
set and specific search terms used. The selected data was imported into EndNote X for title/abstract screening 

https://doi.org/10.1371/journal.pmed.1000097
http://www.abedia.com/wiley/index.html
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and the articles carried through were full text screened. The data from the included articles were extracted into 
Word 2016 tables for comparison and analysis.  

All triazole derivatives investigated were produced by chemical synthesis. A total of 34 derivatives emerged 
as promising antimycobacterial agents with a MIC value of 6.5 μg/mL or lower meaning 18.79% of the 
investigated triazoles displayed potent activity against Mtb. Only six studies calculated a CC50 value and gave 
an accurate selectivity index so not enough data on cytotoxicity was published. 

The findings show triazoles and their derivatives warrant further investigation due to exhibiting potent activity 
against Mtb. There was a lack of information regarding cytotoxicity and the microbiological target of the triazole 
compounds. Further studies must be conducted to reveal their pharmacological profiles to better understand 
their risk factors and the pathophysiology of diseases caused by mycobacterium. 

1. 1. Keri, R., Patil, S., Budagumpi, S. and Nagaraja, B. (2015). Triazole: A promising antitubercular agent. Chemical Biology & 
Drug Design, 86(4), pp.410-423.  
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Depression is now widely recognised as one of the major non-motor symptoms (NMS) of the 
neurodegenerative disease Parkinson’s (PD) , however depression has been underdiagnosed by General 
Practitioners due to a lack of recognition of the NMS presenting with PD.1,2  The aim of this study was to 
produce a rapid review to determine the prevalence of antidepressant use in people with PD and to determine 
prescribing patterns in relation to the diagnosis of Parkinson’s using a systematic review methodology. 

The prevalence and use of antidepressants to treat depression as a NMS within Parkinson’s was assessed by 
using a systematic literature search of Ovid MEDLINE (from 1990-present) to collect the studies cross linked 
with depression, antidepressants and PD. The titles, abstracts and full length of texts of these articles were 
analysed for relevance, depth of information and quality of data. After eliminating duplicates and evaluation of 
quality 6 articles were identified which specifically focussed on depression and antidepressant use in 
Parkinson’s.  

The results showed that with age, depression worsened when comorbid with PD. In several studies Selective 
Serotonin Reuptake Inhibitors (SSRIs) were found to have the highest prevalence of prescribing, but when 
examining prescribing factors, one study found that irrespective of the presence of Parkinson’s the 
pharmacological treatment did not change.3,4 

Due to little conclusive evidence towards the optimal treatment for patients suffering with depression in PD, 
this gives an insight into the need for more information and research into the area surrounding depression in 
PD. The future goals should aim to produce guidelines for the management of the condition, providing the best 
possible patient-centred care and overall improving patient’s quality of life. 

1. Burch D, Sheerin F. Parkinson's disease. Lancet. 2005;365(9459):622-7.  
2. Martone R, Monaghan M, Pangalos M. Parkinson's disease as a disorder of the aging. Drug Discovery Today: Therapeutic 

Strategies. 2005;2(4):299-305.  
3. Fastbom J, Johnell K. Use of antidepressants in Parkinson's disease: A Swedish register-based study of over 1.5 million older 

people. Parkinsonism and Related Disorders. 2016;27:85-8.  
4. Chen P, Kales HC, Weintraub D, Blow FC, Jiang L, Mellow AM. Antidepressant treatment 
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With the increasing awareness of public health threats, such as antimicrobial resistance, health bodies are 
employing various strategies to manage these issues.1  Currently, in Wales, local health bodies operate and 
offer prescribing incentive schemes to their regional areas as one method to improve prescribing.2  This study 
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aims to explore whether Wales would benefit from a national prescribing incentive scheme in place of the local 
schemes currently used.   

Eight semi-structured one-to-one interviews were conducted with health care professionals from medicines 
management teams across three health boards in Wales. The interview transcripts were thematically analysed 
and key opinions and trends captured. Predetermined topics of interest covering the participant’s 
understanding of their local prescribing incentive scheme, the impact and application of the scheme and their 
views on the potential introduction of a national scheme, were explored. 

Participants described prescribing improvements made, in terms of clinical effectiveness, cost-effectiveness 
and safety, as a result of their local prescribing incentive schemes. Negative views predominated in response 
to the proposed national prescribing incentive scheme, mainly due to the anticipated loss of ownership and 
specificity to individual locality needs and patient demographics. The feasibility of running a prescribing 
incentive scheme at a national level, that would also be representative and fair to all practices, incited 
scepticism. The main perceived benefit of a national scheme was the standardisation of prescribing quality 
across Wales. 

The absence of supplementary information on the structure of the proposed national scheme limited the ability 
of participants to make informed comparisons to the existing local schemes. In future research provision of 
this information will increase the reliability of the initial findings in this study regarding the views on the proposed 
national scheme. A questionnaire would allow scaling of this study to cover a larger number of healthcare 
professional and geographical area. 

1. BBC. Antibiotic resistance plan to fight ‘urgent’ global threat. 2019 [accessed 10 Jan 2020]. Available from: 
https://www.bbc.co.uk/news/health-46973641  

2. NHS Wales. Prescribing Incentive Schemes, Scriptswitch use, Local Enhanced Services and Prescribing. [Accessed 10 Jan 
2020]. Available from: 
http://www.cardiffandvaleuhb.wales.nhs.uk/sitesplus/documents/1143/FoI.13.113.%20prescribing.scriptswitch.pdf
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Antihormones (AHs) block oestrogenic signals in oestrogen receptor positive (ER+) breast cancer (BC) giving 
initial durable responses, but often AH resistance develops1. Many resistance mechanisms have been 
proposed, including ER loss and EGFR/Src kinase upregulation, but effective treatments remain needed. The 
multi-synthetase complex-associated aminoacyl tRNA synthetases’ (MSC-associated ARSs) canonical 
function is in early translation2, but several have been implicated in cancer3.This includes EPRS (glutamyl-
prolyl-tRNA synthetase), which has been found in ER+ BC. This project aims to determine if  MSC-associated 
ARS expression associates with  AH resistance in vivo and in vitro or with ER+ clinical outcome.  

An immunocytochemical assay was developed for EPRS. H-scoring quantified the impact of initial AH 
treatment (10-7M 4-OH-tamoxifen, 10-7M Faslodex or oestrogen deprivation) on EPRS expression in AH-
responsive MCF7 cells. EPRS expression in acquired Faslodex-resistant cells (FASR) and its regulation by 
EGFR or Src pathways implicated in resistance (using 10-6M gefitinib or saracatinib treatments) was also 
explored. Affymetrix microarrays profiled MSC-associated ARSs mRNA across a broader AH-resistant model 
panel, also considering ER status. KMplotter determined if mRNA expression of the MSC-associated ARSs 
were associated with ER+ patient outcome. 

There was no significant difference in EPRS protein or mRNA expression in FASR versus MCF7  cells. AH-
treatment of MCF7 cells modestly-decreased EPRS expression. FASR expression was unaffected by EGFR 
or SRC inhibition. However, there were significant increases in the mRNA expression of further MSC-
associated ARSs in resistant models, irrespective of ER status and AH-type; these also significantly related to 
shortened relapse-free survival in AH-treated ER+ BC patients.  

These findings suggest that altered MSC-associated ARS expression occurs in AH-resistance. Given that 
inhibitors are emerging to target such enzymes4, they are worthy of continued study determining their 
contribution to AH response and resistance, to ascertain if they could be novel targets or biomarkers to tackle 
the problem of ER+ AH-resistance. 

https://www.bbc.co.uk/news/health-46973641
http://www.cardiffandvaleuhb.wales.nhs.uk/sitesplus/documents/1143/FoI.13.113.%20prescribing.scriptswitch.pdf
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Breast cancer is the leading cancer in women in the UK.¹  A staggering 1 in 7 women in their lifetime will be 
diagnosed with breast cancer.¹ Subsequently, there is the constant demand and pressure to identify novel 
therapies to reduce risks of breast cancer incidences. Statins are well established for their role in lowering 
serum cholesterol levels and commonly prescribed to reduce the development of cardiovascular diseases. ²  
Interestingly, epidemiological studies have investigated statins and its associations with breast cancer risk. 
Statins have shown to exert anti-carcinogenic effects via inhibition of the mevalonate pathway and the vital 
downstream products associated with cholesterol synthesis.³  Also, there is evidence demonstrating statins 
interfering with cell proliferation, migration and inducing apoptosis; thus, inhibiting tumour development.⁴ 

A rapid review was initiated in a 6-week period undergoing a comprehensive literature search utilizing 4 online 
databases: Scopus, Web of Science, PubMed and EMBASE; in order to evaluate whether there was an 
association between statins and reduced risk of breast cancer.  

Findings suggested mixed results. Some found increased breast cancer risks with increasing duration of statin 
use, which was also apparent in women expressing oestrogen receptor-positive tumours; whereas patients at 
risk of contralateral breast cancer alluded to decreased risks. Some observed lipophilic statins, especially 
fluvastatin, had demonstrated reduced breast cancer risks and null associations noticed with hydrophilic 
statins. However, null associations were also illustrated across numerous studies focusing on duration and 
type of statin. Overall, there appears to be no clear associations between statin use and breast cancer risk; 
however, analysis of specific populations yielded favourable results to certain patient groups. Therefore, further 
investigations are warranted focusing on type and duration of statin, to develop consistency with prior findings 
and give rise to the potential development of a promising novel therapy to lower the risk of breast cancer.  

1. Cancer Research. 2017a. Breast cancer statistics. Available at: https://www.cancerresearchuk.org/health-professional/cancer-
statistics/statistics-by-cancer-type/breast-cancer#heading-Two [Accessed: 20 Nov 2019]. 

2. Chou, R. et al. 2016. Statins for prevention of cardiovascular disease in adults: evidence report and systematic review for the 
US Preventive Services Task Force. JAMA: the journal of the American Medical Association 316(19), pp. 2008-2024. doi: 
10.1001/jama.2015.15629  

3. Jiang, P. et al. 2014. In vitro and in vivo anticancer effects of mevalonate pathway modulation on human cancer cells. British 
Journal of Cancer 111(8), pp. 1562-1571. doi: 10.1038/bjc.2014.431 

4. Bellosta, S. et al. 2000. Non-lipid-related effects of statins. Annals of medicine 32(3), pp. 164-176. doi: 
10.3109/07853890008998823 
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Methicillin-resistant Staphylococcus aureus (MRSA) has remained a threat  since its discovery in 1961.1  Of 
the 805 cases of MRSA in England in 2018-2019, 779 had mortality outcome information with 24.5% resulting 
in death.2 Current methods take 18-24 hours to determine antibiotic susceptibility, in which time inappropriate 
treatments may be used. Delaying effective treatment results in patients’ conditions worsening or becoming 
deadly. This study aimed to develop a rapid diagnostic test capable of becoming a point-of-contact testing 
device that detects the antibiotic susceptibility of Staphylococcus aureus. 3 The test detects the MecA gene, 
which causes resistance in MRSA by altering a penicillin binding protein, called PBP2a, to lower affinity for 
βeta-lactam antibiotics, including oxacillin.  
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10 confirmed Staphylococcus epidermidis strains were isolated from 16 skin swab samples. 8 MRSA isolates 
from in-house collections were confirmed as methicillin-resistant. Phenotypic characterisation testing 
differentiated between the Staphylococcus species.4 DNA extracted from each isolate, using a commercial kit, 
was screened with DNA probes designed by Cardiff University in an enzyme-linked immunosorbent assay 
(ELISA). The S.epidermidis isolates were markers of the ELISA’s ability to differentiate between S.aureus and 
MRSA, and non-S.aureus Staphylococci.   

No template controls, which contained no DNA, were incorrectly identified as S.aureus and MRSA by both 
S.aureus and MecA+ DNA probes in 45.5% of repeats conducted. S.epidermidis isolates also consistently 
produced stronger signals than the MRSA isolates in the MecA+ assay. This can be attributed to non-specific 
binding creating false-positive results.  

The probes’ ability to non-specifically bind and create false signals indicates that the probes require 
redesigning before this project can be developed further. Although the results of this study did not fulfil the 
objectives, the current promising research with rapid POCT devices and previous studies undertaken in Cardiff 
showing good results indicate that this is a definite alternative to traditional culturing and antibiotic susceptibility 
testing. 

1. Moellering RC, Jr. MRSA: the first half century. J Antimicrob Chemother. 2011;67(1):4-11. doi: 10.1093/jac/dkr437 
2. Public Health England. Thirty-day all-cause mortality following MRSA, MSSA and Gram-negative bacteraemia and C. difficile 

infections 2018/2019. 2019 [accessed 28 Dec 2019]. Available from: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/850521/hcai_fatality_report
_201819.pdf 

3. van Belcum A, Rochas O. Laboratory-based point-of-care testing for MSSA/MRSA detection in the age of whole genome 
sequencing. Front Microbiol. 2018;9(1437). doi: 10.3389%2Ffmicb.2018.01437 

4. Brown DFJ, Edwards DI, Hawkey PM, Morrison D, Ridgway GL, Towner KJ, et al. Guidelines for the laboratory diagnosis and 
susceptibility testing of methicillin-resistant Staphylococcus aureus (MRSA). J Antimicrob Chemother. 2005;56(1):1000-1018. 
doi: 10.1093/jac/dki372 
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Asthma control has a significant effect on quality of life1, yet studies suggest uncontrolled asthma is still highly 
prevalent.2 With asthma prevalence expected to continue to rise3, asthma deaths related to uncontrolled 
asthma may follow the same trend. This study aims to identify the factors that contribute to asthma control.  

52 participants were recruited from 6 pharmacies across Wales via convenience sampling. Participants 
completed questionnaires including the Asthma Control Test, Test of Adherence to Inhalers and a General 
Information Questionnaire. Inhaler technique was identified using a Vitalograph Aerosol Inhalation Monitor 
(AIM) as well as visual inspections of factors not covered by the AIM.  

Results in this study reflect poorly on the clinical management of asthma, most notably: 67% of the sample 
had uncontrolled asthma with 90% having inadequate adherence. Participants typically displayed severely 
deficient inhaler technique, with dry powder inhaler technique superior  to metered dose inhaler (MDI) 
technique. The majority of participants were prescribed MDI only (73.1%) with very few using a spacer device 
(13.5%). GP’s did not ask their patients to demonstrate their inhaler technique in the vast majority (71.4%) of 
cases. In contrast, nurses and pharmacists asked their patients in over 80% of cases, those who were asked 
to demonstrate their inhaler technique displayed significantly superior inhaler technique compared to those 
who were not.  No statistically significant relationship was identified between adherence, inhaler technique, 
previous inhaler education, socioeconomics or smoking status with asthma control. 

This study highlights that asthma treatment requires considerable improvement. This study enabled 
investigators to directly improve inhaler technique by training participants correctly, thus demonstrating the 
opportunity that lies within community pharmacies and may offer patients a more accessible means to improve 
asthma control. Further research is required to fully understanding why inadequate asthma control, adherence 
and inhaler technique is still so prevalent.  

1. Braido F, Baiardini I, Balestracci S, Ghiglione V, Stagi E, Ridolo E, et al. Does asthma control correlate with quality of life 
related to upper and lower airways? A real life study. Allergy. 2009; 64(6):937-43. doi: 10.1111/j.1398-9995.2008.01932.x 

2. Price D, Fletcher M, van der Molen T. Asthma control and management in 8,000 European patients: the recognise asthma 
and link to symptoms and experience (realise) survey. NPJ Prim Care Respir Med. 2014; 24:14009. doi: 
10.1038/npjpcrm.2014.9 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/850521/hcai_fatality_report_201819.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/850521/hcai_fatality_report_201819.pdf
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3. World Health Organisation. Global surveillance, prevention and control of chronic respiratory disease. 2007 [accessed 27 Dec 
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Narciclasine is isolated from the bulb of daffodils from the Narcissus species.1 Alkaloids from this family are 
thought to have lots of different pharmacological properties such as anticancer, antibacterial and antifungal 2.  
In particular, narciclasine has shown to be an effective anticancer compound. It is thought to be effective 
against cancers by inhibiting the ribosomal eEF1A elongation factor.3 Recently, it has been shown to be 
effective in treating brain cancer.  

The aims of this project was, using different molecular modelling techniques, to identify a pool of biological 
proteins as potential narciclasine targets (as anticancer compound) and off targets.  

Molecular docking and dynamic simulations were used to determine whether narciclasine could bind to the 
different proteins. ∆G binding energy calculations were also performed to evaluate the strength of the different 
narciclasine/protein complex. MOE and Maestro software was used for these proteins.  

A pool of 18 potential biological targets for narciclasine were identified. According to this week, four of these 
had a high potential to be a target or an off-targets for narciclasine. The four identified proteins were; thymidine 
phosphorylase (PDB ID: 1UOU), D-amino acid oxidase (PDB ID: 2DU8), adenosine A2a receptor (PDB ID: 
3PWH) and serine/threonine-protein kinase 2 (PDB ID: 4I5M). In particular, examining the modelling results 
obtained for known proteins thymidine phosphorylase inhibitors and narciclasine, we obtained better results 
for narciclasine indicating that thymidine phosphorylase could be a potential biological target for its anticancer 
activity. D-amino acid oxidase was found to be a potential off-target binding site for narciclasine. 

The study concluded that there are different potential biological targets from narciclasine, also including some 
possible off-targets. Further studies, including different biological evaluation, around narciclasine and these 
selected proteins should be conducted in order to determine the effects/impacts that could have the use of 
narciclasine as an anticancer treatmeny 

1. Ingrassia L, Lefranc F, Mathieu V, Darro F, Kiss R,  Amaryllidaceae Isocarbostyril Alkaloids and Their Derivatives as 
Promising Antitumor Agents. National Center for Biotechnology Information; 2008. 

2. Furst R, Narciclasine- an Amaryllidaceae Alkaloid with Potent Antitumor and Anti-inflammatory Properties. Thieme;2016. 
3. Hassan MK, Kumar D, Naik M, Dixit M, The Expression Profile and Prognostic Significance of Eukaryotic Translation 

Elongation Factors in Different Cancers. National Center for Biotechnology Information; 2018. 
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PINK1 is a protein kinase that is responsible in mitochondrial quality control. It removes dysfunctional 
mitochondria through mitophagy which reduced the oxidative stress by exerting its neuroprotective properties. 
PINK1 mutation is involved in the pathogenesis of early-onset Parkinson’s disease. Several small-molecule of 
PINK1 activators have been developed as a new therapeutic approach for Parkinson’s disease (PD).1 This 
protein kinase is important for the treatment of PD but now it is becoming more or equally important in immune 
response. As recent studies have discovered the role of PINK1 in regulating adaptive immunity.2 This means 
that small-molecule of PINK1 modulators developed for PD will have different impacts on the immune 
response. Hence, this project aims to establish the role of PINK1 in immunity and predict the possible effects 
of PINK1 modulators on immune response. 

This is a literature-based project where online databases were used to search for the relevant papers involving 
PINK1 and immunity. Primary research papers that comply to the inclusion and exclusion criteria were 
analysed and relevant data is extracted in order to support the aim of this project. 

PINK1 plays a role in both innate and adaptive immune response. Loss of PINK1 leads to abnormal cytokines 
production and activated mitochondrial-specific antigen presentation which predispose neurons to 

https://www.who.int/gard/publications/GARD%20Book%202007.pdf


MPharm 

31 

inflammation.2 PINK1 upregulates the signaling pathways that trigger innate immune response upon cytokine 
stimulation3 and viral infection4. 

PINK1 modulators can result in different immune response. Small-molecule PINK1 activator developed for PD 
can lead to immunosuppression. It may also help the body to fight off infection via enhanced innate immune 
response. Further research is required to expand the knowledge of PINK1 and immune response as its 
significance in the immune system has been revealed. 

1. Lambourne OA, Mehellou Y. Chemical Strategies for Activating PINK1, a Protein Kinase Mutated in Parkinson's Disease. 
Chembiochem. 2018;19(23):2433-7. doi: 10.1002/cbic.201800497 

2. Matheoud D, Sugiura A, Bellemare-Pelletier A, Laplante A, Rondeau C, Chemali M, et al. Parkinson's Disease-Related 
Proteins PINK1 and Parkin Repress Mitochondrial Antigen Presentation. Cell. 2016;166(2):314-27. doi: 
10.1016/j.cell.2016.05.039 

3. Lee HJ, Chung KC. PINK1 positively regulates IL-1beta-mediated signaling through Tollip and IRAK1 modulation. J 
Neuroinflammation. 2012;9:271. doi: 10.1186/1742-2094-9-271 

4. Zhou J, Yang R, Zhang Z, Liu Q, Zhang Y, Wang Q, et al. Mitochondrial Protein PINK1 Positively Regulates RLR Signaling. 
Front Immunol. 2019;10:1069. doi: 10.3389/fimmu.2019.01069 
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The need for a new class of antibacterial agents is rising. Since their first discovery in the early 20 th century, 
and the subsequent “golden era” of antibiotic discovery from 1940-1960 when antibiotics resulted in easy 
therapeutic treatment of common bacterial infections.1 This era was followed by the emergence of antimicrobial 
resistance; a current global issue that has grown in the past decades. Antibiotic discovery, conversely, has 
decreased since the 1960s. The demand for a new antibiotic class is increasing, and the oxadiazole class is a 
potential candidate. 

Oxadiazole is an azole compound that has shown antibacterial activity in previous studies. This review was 
designed to assess the antibacterial activity of oxadiazole derivatives through searching three databases 
(PubMed, Scopus and Web of Science) for literature on this within the past decade (2009-2019).  Oxadiazoles 
with promising antibacterial activity (minimum inhibitory concentration < 4 µg/mL) were included in the study. 
Journal articles were included if they performed in vitro/ in vivo studies to determine the minimum inhibitory 
concentration.  

Eighteen articles passed the criteria for the review. The data from these articles was extracted, and structure 
activity relationships were determined through evaluating the substitutions of the oxadiazole derivatives in 
these articles. The antibacterial targets of these oxadiazoles and cytotoxicity data were also evaluated. These 
derivatives showed broad and potent antibacterial activity against Gram-positive and Gram-negative bacteria, 
as well as antimycobacterial activity.  

This review found that oxadiazoles show potential as antibacterial agents. The derivatives seemed to have 
potential activity against several biological targets within bacteria/mycobacteria and showed acceptable levels 
of cytotoxicity. Further studies on the mechanism of action of oxadiazole derivatives should be conducted, as 
well as optimisation of the derivatives in this review.  

1. Ribeiro Da C, Fonseca, Calado. Antibiotic Discovery: Where Have We Come from, Where Do We Go? Antibiotics. 
2019;8(2):45. doi: 10.3390/antibiotics8020045 
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Non-medical prescribing began with the Cumberledge report in 1986, followed by the crown report in 1989 and 
1999, which ultimately led to the introduction of independent prescribing in 2006.1 Previously, independent 
prescriber (IP) pharmacists were mainly present in secondary care.2  However, recently there has been a goal 
set by the Welsh government to have an IP in every community pharmacy (CP) by 2030.3 There is limited 
research exploring the independent prescribing role of community pharmacists therefore the aim of the project 
was to explore the views and experiences of CP IPs. 



MPharm 

32 

As the research largely revolved around pharmacists’ experiences and views, qualitative research 
methodology was most appropriate due to its flexible nature.4 Participants were identified via a gatekeeper 
and purposive sampling. Semi structured interviews were conducted and audio recorded. Ethics approval was 
obtained and written; informed consent given by participants. Interviews were analysed using thematic 
analysis. 

Twelve interviews were conducted. The results showed that having IPs in community pharmacies has the 
potential to have a positive impact on patients, other healthcare professionals and pharmacist job satisfaction. 
Many barriers and facilitators to implementing the role were identified. Future reccomendations were put 
forward by IPs including the suggestion of having a structured model to utilise IPs the most productive way in 
CP, changing the way pharmacists are funded and patient education. 

The barriers and facilitators found supported previous research identified in other areas such as primary and 
secondary care.1,2 The research has established key areas that need improvement for implementing the 
service in CP more effectively. It would be useful to repeat the study when the service has been fully 
implemented to see the changes made. To conclude, it is clear to see from the challenges the participants 
have highlighted with regards to implementing the role, the 2030 goal will not be easily achieved. However, it 
will potentially have a positive impact on patients and others. 

1. Jebara, T. et al. 2018. Stakeholders’ views and experiences of pharmacist prescribing: a systematic review. British Journal of 
Clinical Pharmacology 84(9), pp. 1883–1905. doi: 10.1111/bcp.13624. 

2. Courtenay, M. et al. 2017. Overview of the uptake and implementation of non-medical prescribing in Wales: A national survey. 
BMJ Open 7(9), pp. 1–10. doi: 10.1136/ bmjopen-2016-015313 

3. Welsh Pharmaceutical Committee. 2019. Pharmacy: Delivering a Healthier Wales. Available at: 
https://www.rpharms.com/Portals/0/RPS document library/Open access/Policy/Pharmacy Vision English.pdf?ver=2019-05-21-
152234-477 [Accessed: 13 January 2020]. 

4. Austin, Z. and Sutton, J. 2019. Research Methods in Pharmacy Practice. (s.l.): Elsevier. 
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Gelatin capsules used in single dose dry powder inhalers typically rely on water as a plasticiser. At low relative 
humidity (RH) the reduced moisture content of capsules can cause them to become brittle.2,3  Formulation of 
a gelatin capsule with an alternative plasticiser may improve the mechanical properties of the capsule at low 
moisture contents and thus enable inclusion of moisture sensitive drugs for inhalation. The aim of this project 
is to evaluate the mechanical properties of two different gelatin capsule formulations, one traditional 
formulation and the other with an additional plasticiser included, at a range of RHs and to characterise their 
behaviour during a simulated inhalation event. 

Capsules were conditioned by storage in desiccators that created a range of RHs between 0.5 and 52%. 
Moisture content was determined using a thermobalance, the  elastic and plastic properties of each capsule 
was evaluated using compression tests and and the behaviour of the capsules was examined in a dry powder 
inhaler during a simulated inhalation event.  

The gelatin capsule formulated with an additional plasticiser had less breakages following the simulated 
inhalation event but this had no gross effect on powder lost from the capsule. Overall, this research showed 
improved mechanical properties with Quali GI ED which could improve patient confidence in the product and 
reduce waste during the manufacturing process.  

1. British Lung Foundation. 2016 1. The battle for breath– the impact of lung disease in the UK. Available at: 
https://www.blf.org.uk/policy/the-battle-for-breath-2016?_ga=2.91005914.1342067804.1578316063-609488386.1578316063 

2. Ferrati S; Wu T et al. 2018. Dosing considerations for inhaled biologics. International Journal of Pharmaceutics, 549 (1-2), pp 
58-66. DOI: 10.1016/j.ijpharm.2018.07.054 

3. Missaghi, S ; Fassihi, R; 2006. Evaluation and Comparison of Physicomechanical characteristics of gelatin and hypromellose 
capsules. Drug Development and Industrial Pharmacy,32(7), pp.829-838. DOI: 10.1080/03639040600608888 

 

 

 

 

https://www.blf.org.uk/policy/the-battle-for-breath-2016?_ga=2.91005914.1342067804.1578316063-609488386.1578316063


MPharm 

33 

The evolution of bacterial resistance through exposure to graduated concentrations 
of the biocides chlorhexidine and benzalkonium chloride 

Lucy McCarthy, R Wesgate and JY Maillard 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

Antimicrobial resistance (AMR) is an ever increasing threat to worldwide health. There is concern that the 
increased use of biocidal products, particularly for domiciliary uses, is contributing to the development of AMR.1 
Biocides used at low concentrations, for example upon dilution or resides on surfaces, produce a selective 
pressure for bacteria to express resistance mechanisms.2 Research has indicated that some mechanisms of 
resistance used are the same to both biocides and antibiotics.3 Therefore, this study tests the hypothesis that 
exposure of bacteria to gradually increasing, sub-lethal concentrations of the biocides chlorhexidine (CHX) 
and benzalkonium chloride (BZC) can lead to reduced susceptibility to the biocide alongside cross resistance 
to antibiotics.  

A novel, graduated plate method was used to visualise bacterial growth over a surface, in order to replicate an 

in situ environment.  Plates were incubated at 37C and 70% humidity and photographed daily to observe the 
evolution of growth. Minimum inhibitory and bactericidal concentrations (MIC/MBC) together with antibiotic 
susceptibility profiles were determined at baseline and at weekly intervals post exposure to the biocides.  

Post exposure susceptibility profiles were compared to baseline. A two fold increase in MIC was seen in 
Escherichia coli and Pseudomonas aeruginosa exposed to BZC. E. coli was able to grow in concentrations 
four times the MIC. Decreased antibiotic susceptibility was seen for all samples post exposure but none of the 
decreases resulted in susceptibility profiles changing from clinically sensitive to resistant.  

The data suggests a possible link between exposure to low levels of biocide and reduced susceptibility to both 
the biocide and antibiotics. However, the results were highly variable and as such this study can only provide 
preliminary findings and cannot make conclusive results due to lack of data. Nevertheless, the graduated plate 
method has shown to be a promising new technique for exploring resistance in situ.  

1. Maillard JY. Resistance of Bacteria to Biocides. Microbiol Spectr. 2018;6(2) doi: doi:10.1128/microbiolspec.ARBA-0006-2017 
2. Maillard JY. Antimicrobial biocides in the healthcare environment: efficacy, usage, policies, and perceived problems. Ther Clin 

Risk Manag. 2005;1(4):307-20. 
3. Scientific Committee on Emerging and Newly Identified Health Risks. Assessment of the Antibiotic Resistance Effects of 

Biocides. 2009 [accessed 15 Jan 2020]. Available from: 
https://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_021.pdf 

 

 

 
Physical stability of lipid parenteral nutrition and vitamin admixtures when diluted 

with water for injections. 

John McGregor, H King, E Jones and AG Cosslett 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

Parenteral nutrition (PN) is required where gastrointestinal nutrition is inadequate.  Intravenous lipid emulsions 
form a staple part of PN, with PN formulations also including vitamins A, D and E as part of the lipid emulsion, 
or with added vitamins B and C in solution.  Lipid emulsions or vitamin preparations, may be added to 
commercially produced chambered PN formulations and this will result in the dilution of the lipid emulsion 
within the admixture which may make the emulsion less physically stable.  Cernevit® is an example of a 
commercial vitamin product which when diluted became physically unstable.  This study examines the stability 
of Intralipid® 10%, Vitlipid® and Solivito® when diluted.  Because PN can be made for home PN use over the 
course of a week, it is important that the physical stability of these diluted products is maintained over this time 
period. 

Twenty seven samples of Intralipid® 10% were made up in 100ml glass bottles.  Nine were stored at room 
temperature (20oC), nine in a fridge (5oC) and nine in a stability chamber at 40oC.  Samples were then taken 
on the same day, after one day and after seven days.  By the same method, twenty seven additional samples 
of Intralipid® 10% were each diluted to one part in four and one part in ten and sampled at the same timepoints.  
By the same method samples were also made up, stored and tested from 10ml bottles of Vitlipid® with 
Solivito® added to them.  Samples of Vitlipid® had Solivito® were also diluted to one part in ten and their 
stability assessed at the same timepoints. Average lipid globule diameters were measured with a Malvern 
Mastersizer® 2000 laser diffraction particle sizer at three different obscuration levels to determine the effects 

https://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_021.pdf
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of dilution on result variability. Samples were also assessed by visual inspection, light microscopy and had 
their pH measured at the selected time points. 

The average globule diameter remained below 0.5μm and fewer than 0.05% droplets were larger than 5μm. 
After seven days, all samples showed a cream layer on top and a water layer at the bottom which was 
dispersed by simple inversion.  Microscopy showed no signs of crystals or many large (>5μm) globules. For 
diluted Vitlipid® and Solivito® emulsions the pH dropped to about 6 after a week but samples satisfied the 
above stability tests. Light exposure did not affect physical stability.  Fridge storage slightly increased 
creaming.  Rased temperature storage may encourage globule sizes to increase for undiluted Vitlipid® and 
Solivito® emulsions. 

These consistent results show that Intralipid® 10%, Vitlipid® Adult and Solivito® N had good physical stability 
after a week, even when diluted to one part in ten. This suggests that these products could be used for home 
PN without stability issues. There is some evidence that a lower obscuration factor is desirable for laser 
diffraction measurements to reflect the true average lipid globule diameter due to reduced multiple scattering. 

 

 

Can Drug Loaded Nanotubes be Injected Directly into 3D U87 Glioblastoma 
Spheroids – A Feasibility Study 

Thomas Morgan Miles and B Newland 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

The use of 3D spheroid cultures of glioblastoma multiforme (GBM) could be invaluable for the development of 
new drugs or therapeutic delivery systems as they are a much more representative model than the 2D 
monolayered cultures often used.1 Focal delivery systems, for injection into GBM tumours or resected cavities 
hold the potential to deliver anticancer drugs that cannot pass the blood brain barrier (BBB) as this delivery 
method bypasses that system.2  However, to date, there is no report of analysing focal delivery systems in 3D 
spheroid cultures.  This research aimed to test the feasibility of direct injection of a drug delivery system into 
GBM spheroid models.  

Firstly, an injection cannula was manufactured using polythene tubing inserted into a needle-shaped glass 

capillary at one end and a 5L Hamilton syringe at the other. Secondly, the injection feasibility was analysed 
by conducting 3 experiments where spheroids were injected with varying concentrations of free doxorubicin, 
or a model drug delivery system (polymer nanotubes)3 either empty or loaded with doxorubicin. In addition, I 
analysed whether direct injection would reduce the viability of the GBM spheroids by conducting Prestoblue® 
assays to distinguish the viability of the cells remaining in the model and undertook daily imaging to measure 
the diameter/volume of the spheroid. 

It was observed when delivered directly to GBM spheroids both free doxorubicin and doxorubicin loaded 
nanotubes affected the size of the spheroids and decreased their viability. However, the empty nanotubes 
showed toxicity which was contrary to previous research into them.3 

This research demonstrated that it was possible to create a hydraulic cannula system that allows for injection 
into GBM spheroids, though the technique needs refining during future work to quantify the potential benefit 
for use in research into the feasibility of new drugs/delivery systems to treat GBM or other forms of CNS 
cancers.  

1. Luca AC, Mersch S, Deenen R, Schmidt S, Messner I, Schäfer K-L, et al. Impact of the 3D microenvironment on phenotype, 
gene expression, and EGFR inhibition of colorectal cancer cell lines. PLoS ONE. 2013;8(3):e59689. doi: 
10.1371/journal.pone.0059689 

2. Patchell R, Regine W, Ashton P, Tibbs P, Wilson D, Shappley D, et al. A Phase I Trial of Continuously Infused Intratumoral 
Bleomycin for the Treatment of Recurrent Glioblastoma Multiforme. Journal of Neuro-Oncology. 2002;60(1):37-42. doi: 
10.1023/A:1020291229317 

3. Newland B, Taplan C, Pette D, Friedrichs J, Steinhart M, Wang W, et al. Soft and flexible poly(ethylene glycol) nanotubes for 
local drug delivery. Nanoscale. 2018;10(18):8413-21. doi: 10.1039/c8nr00603b 
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Optimising Cysteamine for a More Effective Treatment of Cystinosis 

Furqaan Mirza and F Pertusati 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 

3NB, Wales, UK 

Cystinosis is a rare condition caused by a mutation in the cystinosin transporter in lysosomes; cystine cannot 
be transported out and so it accumulates within lysosomes, crystallises and causes cell death.1 Cystinosis has 
a plethora of severe side effects including hypothyroidism, diabetes and CKD.2 As well as a high mortality it is 
difficult to treat as there is currently only one treatment available, cysteamine, which has a foul odour. 

It exerts a therapeutic effect by breaking the disulfide bond in cystine. While effective it causes an array of side 
effects and is found unpalatable by many as it contains a thiol group which gives it a foul odour; lack of 
compliance is the major issue with this therapy. The aim of this research is to implement ProTide technology 
to develop an optimised cysteamine prodrug molecule that has no odour and a more efficient delivery in-vivo.3 
This is based on previous research into phosphocysteamine which has shown success already but has low 
efficacy.4  

A cysteamine salt and two phosphoroamidates were produced in separate reactions under lab conditions in a 
multi-step synthesis and then chemically attached to each other. Two different nucleoside analogues were 
attached to phosphocloridate to form two phosphorodiamidates. An acetyl group is chemically attached to the 
thiol group of cysteamine to mask it and then cysteamine is masked by a phosphocloridate  

The desired final product was confirmed to have been synthesised but within a mixture. Masking the thiol group 
proved successful. Mass spectrometry also confirmed the presence of the final product but suggested a larger 
molecule had also been produced in greater amounts. The purity for both types of phosphorodiamidate proved 
to be similar in that the final product wasn’t standalone after HPLC. Despite success, the final products had 
undesirable purity and yields and couldn’t be isolated. 

1. Gahl, W. Thoene, J. and Schneider, J. 2002. Cystinosis. The New England Journal of Medicine 347, pp. 111-121.  Doi: 
10.1056/NEJMra020552 

2. National Healthcare Service [NHS]. 2019. MERCAPTAMINE. London: NHS. Available at: 
https://bnf.nice.org.uk/drug/mercaptamine.html#sideEffects[Accessed 22 December 2019] 

3. Cahard D., McGuigan C and Balzarini, J. Aryloxy phosphoramidate triesters as pro-tides; Mini Reviews in Medicinal 
Chemistry, 2004, 4, pp 371-381. DOI: 10.2174/1389557043403936 PMID: 15134540 

4. Smolin, L. et al. A Comparison of the Effectiveness of Cysteamine and Phosphocysteamine in Elevating Plasma Cysteamine 
Concentration and Decreasing leukocyte Free Cystine in Nephropathic Cystinosis. Pediatric Research 23, issue 6, pp. 616-
620. 

 

 

An investigation looking into the analytical techniques used to analyse puncture 
performance and dissolution performance in the manufacture of dissolving 

microneedles (DMNs) 

Rachael Morgan-Jones, M Dul and SA Coulman  
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff,  CF10 

3NB, Wales, UK 

Production of all new drug products and delivery systems follow the principles of Quality by Design (QbD), 
which describes the process of identifying Critical Quality Attributes (CQAs) and the standards in quality and 
safety they must meet.1  This study conducts a rapid review of published literature concerning the test methods 
used to evaluate the CQAs, puncture performance and dissolution performance, of dissolving microneedles 
(DMNs), identifying patterns and frequency of use to highlight areas for further research requirements. 

Ovid was used as a search engine to perform a scope search and gather a cohort of studies discussing 
microneedles (MNs). Truncation in sets of ‘passes’, with varying inclusion and exclusion criteria, produced the 
final dataset. Data extracted was compiled into an excel spreadsheet for both puncture and dissolution 
performance test methods.  From the excel spreadsheet, various parameters and test sections were examined, 
producing smaller tables and figures to describe the methods used and further evaluate them. 

Results demonstrate that puncture performance tests are more than twice as frequent than dissolution 
performance tests with 57 and 26 studies performing these tests, respectively. While aspects of puncture 
performance test parameters were generally well reported, others were not. Most dissolution studies provided 

https://bnf.nice.org.uk/drug/mercaptamine.html#sideEffects[Accessed
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details on parameters such as solvent, agitation and temperature choice, but neglected to justify parameters 
used. 

There is a lack of evidence-based decision making by all studies reviewed, concerning the parameters used, 
and/or appropriateness of apparatus used to perform each test. After reviewing product manufacturing 
guidelines produced by governing bodies, such as the FDA, for hypodermic needle puncture performance 
testing and dissolution performance testing of transdermal patches, there is an apparent necessity in pursuing 
research into the production of such guidelines for the manufacture and CQA testing of DMNs to guarantee 
continuous high quality and maintenance of product safety.2-3 

1. Gupta, N. V. 2015. A review on quality by design (QbD) approach for Pharmaceuticals. 7(1), pp. 52-60.   
2. Shohin, I. E. et al. 2016. A Brief Review of the FDA Dissolution Methods Database. Dissolution Technologies 23(3), pp. 6-10. 

doi: 10.14227/dt230316p6 
3. EMA. 2014. Guideline on quality of transdermal patches. In: Agency, E.M. ed. EMA. 
 

 

The use of animated material as an educational tool for renal patients: An 
acceptability study. 
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Hyperkalaemia is a common, serious complication in patients with renal impairment.1 Approximately 40-50% 
of hyperkalaemia cases are associated with chronic kidney disease (CKD).2 Renal patients are often inundated 
with information from health professionals about condition management. The use of multimedia education 
resources has been proposed as a way of enhancing health literacy.3 An animated patient education material 
was created to educate renal patients on hyperkalaemia. The aim of this study was to explore the views of 
renal patients on the use of the animation to inform its refinement and completion. 

Qualitative research methods were chosen to collect the data. A focus group was conducted with members of 
a renal support charity to aid the development of the data collection tool. Twelve audio recorded one-to-one 
semi structured interviews were carried out with renal dialysis patients that were sampled using stratified 
random sampling. Interviews were transcribed verbatim and thematically analysed. 

Four main themes were identified: Requirement for patient education, the utility of the animation, ways of 
learning and the animation impact on the patient. Patients thought health education was important and 
definitely needed. All patients accepted the presentation and appropriateness of the animation and agreed that 
learning from it was valuable.  

Initial views of the dialysis patients allowed improvements to be made which included slowing the rate of the 
animation down and the use of signaling to help complex words to be understood better. Previous studies have 
shown multimedia interventions to have a positive impact on learning as reflected in this study.3 Evidence to 
asses whether a clinical impact was had on the patient was limited and so further research is needed to 
determine this. 

1. Alfonzo A, Soar J, MacTier R, Fox J, Shillday I, Nolan J et al. Clinical Practice Guidelines: Treatment of Acute Hyperkalaemia 
in Adults. The Renal Association. 2014. Accessed [09 Jan 2020]. Available from: https://renal.org/wp-
content/uploads/2017/06/hyperkalaemia-guideline-1.pdf 

2. National Kidney Foundation. Clinical Update on Hyperkalaemia: A chronic risk for CKD patients and a potential barrier to 
recommended CKD treatment. Accessed [06 Jan 2020]. Available from: https://www.kidney.org/sites/default/files/02-10-
6785_HBE_Hyperkalemia_Bulletin.pdf 

3. Abed M, Himmel W, Vormfelde S, Koschack J. Video-assisted patient education to modify behavior: A systematic review. 
Patient Educ Couns. 2014;97(1):16-22. Doi: 10.1016/j.pec.2014.06.015 
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Hospital Pharmacy Staff’s Perceived Barriers and Facilitators to Discharge 
Medicines Review Referrals across two Health Boards in Wales 

Ahlam Nagi, R James, EM Mantzourani, and KL Hodson 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

For many years the transition of care of patients across different healthcare sectors has emerged as an 
important yet vulnerable point in healthcare systems worldwide where patient safety is threatened by the risk 
of miscommunication and unintended changes to medicines. To overcome the issues associated with patient 
transfer of care and to improve the management of medicines following discharge from a care setting, the 
Welsh Government introduced the Discharge Medicines Review service in 2011. An independent evaluation 
of the DMR service aimed to examine the benefits and cost effectiveness of the DMR service and to inform 
decisions relating to the continuation of the service and potential service improvements.  However, despite 
this, there is clear underutilisation of the service, with only 0.7% of the NHS commissioned DMRs being 
undertaken2.The aim of this study is to explore the perceived barriers and facilitators of the hospital pharmacy 
team to Discharge Medicines Review referrals (DMR) in two Health Boards in Wales. 

Focus groups were conducted across two Health Boards in Wales, Cwm Taf and Betsi Cadwaladr. Hospital 
staff were invited to partake in this study with the help of gatekeepers identified by the Chief Pharmacists' All 
Wales Quality and Safety Group. Each focus group was transcribed verbatim.  Data was analysed inductively 
and deductively. Ethical approval was obtained from Cardiff School of Pharmacy and Pharmaceutical Sciences 
Ethics committee and the Health Boards’ Research and Development departments. 

A total of six focus groups were conducted.  Key themes identified included lack of awareness of the service, 
the lack of consistent established systems throughout all the wards in the hospital, hospital pharmacy staff’s 
perceptions of community pharmacy, the lack of prioritisation of the referring patients, gaining consent and the 
role of primary care pharmacists 

Different suggestions to improve the uptake of the service and increase referrals are discussed. This includes 
the potential for the involvement of primary care pharmacists and the need to raise awareness of the DMR 
service among staff and patients. 

1. The National Institute for Health and Care Excellence (NICE). Medicines optimisation: the safe and effective use of medicines 
to enable the best possible outcomes. 2015 [accessed 08 January 2020]. Available from: 
https://www.nice.org.uk/guidance/ng5/chapter/Introduction 

2. Hodson K, Blenkinsopp A, Cohen D, Longley M, Alam M, Davies P et al. Evaluation of the Discharge Medicines Review 
Service.2014 [accessed 01 October 2019]. Available from: http://www.cpwales.org.uk/Contract-support-and-IT/Advanced-
Services/Discharge-Medicines-Review-(DMR)/Evaluation-of-the-DMR-Service/Evaluation-of-the-DMR-service.aspx 
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University students are reporting increasing levels of stress,1 which is likely to impact on mental wellbeing. The 
ability to overcome setbacks and to continue to perform well is known as resilience.2  There is a known link 
between resilience and wellbeing, yet there is a gap in the literature regarding this relationship in pharmacy 
students. It is vital to understand current wellbeing and resilience of pharmacy students in order for the school 
to support and develop these skills in their students. 

Following ethics approval, a cross-sectional survey was given to pharmacy students at Cardiff University (years 
1-3 on paper; year 4 online). The survey comprised the Academic Resilience Scale (ARS30) and the Warwick 
Edinburgh Mental Wellbeing Scale (WEMWBS) to measure resilience and wellbeing, alongside demographic 
questions for comparative analysis. Data was entered into SPSS v25 for analysis. 

A total of 369 students (77.2% response rate) completed the questionnaire. The mean ARS30 score was 
108.9. There was a significant difference between the resilience scores of different year groups (p=0.045). 
There were significant differences with year 1 scoring higher than year 2 (p=0.05) and year 1 scoring higher 
than year 3 (p=0.009) in the ARS30. Regarding wellbeing, the mean score from the WEMWBS was 46.3, with 
no statistically significant differences on the basis of demographics. Bivariate analysis showed academic 
resilience had a medium, positive correlation with wellbeing (r=0.562, p <0.001). Multivariable regression 

https://www.nice.org.uk/guidance/ng5/chapter/Introduction
http://www.cpwales.org.uk/Contract-support-and-IT/Advanced-Services/Discharge-Medicines-Review-(DMR)/Evaluation-of-the-DMR-Service/Evaluation-of-the-DMR-service.aspx
http://www.cpwales.org.uk/Contract-support-and-IT/Advanced-Services/Discharge-Medicines-Review-(DMR)/Evaluation-of-the-DMR-Service/Evaluation-of-the-DMR-service.aspx
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analysis showed wellbeing (regression coefficient B= 0.865; p= <0.001) was significantly and independently 
associated with academic resilience.  

The findings show that pharmacy students with high levels of academic resilience have better wellbeing, and 
that the level of resilience of first year students was significantly higher than that of second- and third-year 
students. There is room for improvement and the school can use these findings to help further develop 
resilience and support wellbeing in their students.   

1. Natwest Student Living Index. 2019. Student Living Index. Available at: https://personal.natwest.com/personal/life-
moments/students-and-graduates/student-living-index.html [Accessed: 13 January 2020]. 

2. Ayala, J.C. and Manzano, G. 2018. Academic performance of first-year university students: the influence of resilience and 

engagement. Higher Education Research & Development 37(7), pp. 1321–1335. doi: 10.1080/07294360.2018.1502258 
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important bacterial pathogens 

Tamanah Nazir and L Baillie 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales UK 

Currently, we are living in an era where bacteria are developing resistance to all known antibiotics resulting in 
complications in treating bacterial infections, medical advances, and routine operations which is increasing 
mortality.1  To prevent this problem from advancing, new antibiotics need to be developed. Evidence has 
shown a clear presence of unidentified antibacterial compounds in honey.2  This research determined the 
antibacterial activity of different honey samples against clinically important, antibiotic-resistant bacteria thus 
adding knowledge to this paramount field.  

Honey samples attained from Algeria (3), Wales (4) and commercial Manuka (1) were screened against 
clinically important bacteria MRSA, E. coli and K. pneumoniae. An optimised agar diffusion assay was used to 
determine antibacterial activity. To isolate antibacterial compounds in the honey samples solvent extraction 
and thin layer chromatography methods (TLC) were employed.  

All the samples demonstrated antibacterial activity. Hydrogen peroxide is thought to be responsible for the 
antibacterial activity of most honey samples.2  To determine this the honey samples were treated with catalase, 
an enzyme that breaks down hydrogen peroxide.2  Once neutralised the antibacterial activity of the honey 
samples were retested. All the treated honey samples retained some level of antibacterial activity indicating 
the presence of non-hydrogen peroxide factors. Of the seven samples tested the three most active samples 
came from Wales (2 samples) and Algeria (1 sample). Solvent extraction was carried out on these samples 
but was unsuccessful except for the hexane extract of one of the three samples. TLC was carried out on the 
crude extract of this sample and spots were observed under UV light. Due to limited time and a lack of 
resources further investigations could not be carried out.  

The antibacterial activity of the honey samples looks promising which warrants further investigations to identify 
and characterise the compound(s) responsible for this activity.  

1. HM Government. 2016. Government response to the review on antimicrobial resistance. Available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/553471/Gov_response_AM
R_Review.pdf [Accessed: 15th November 2019).  

2. Kwakman, P and Zaat, S. 2012. Antibacterial components of honey. IUBMB Journals, 64, pp: 48-55. doi: 
https://doi.org/10.1002/iub.578.  
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Since 2006, a pharmacist independent prescriber (PIP) may prescribe autonomously for any condition within 
their competence.1  This initiative was implemented by the Department of Health to improve patients’ access 
to medicines.2  A pharmacist must complete a General Pharmaceutical Council (GPhC) accredited course to 
become eligible to apply for an annotation as PIP.1  Stakeholders were supportive of these changes, although 
only 11% (6188/57225) of GPhC’s registrants are PIP.3  The Royal Pharmaceutical Society (RPS) had laid out 
plans for pharmacy students to become prepared for independent prescribing.4  The aim of this study is to 
analyse undergraduates’ willingness to prescribe at different levels of clinical complexity, to identify barriers 
they face, and changes that need to be made to prepare them to prescribe immediately after registration.    

A questionnaire primarily consisted of closed multiple-choice questions was designed by two researchers and 
was approved by ethics to protect respondents and researchers alike. First and fourth year pharmacy students 
from Cardiff University participated via purposive sampling. Researchers conducted primary analysis of the 
quantitative data using Statistical Package for the Social Sciences (SPSS) and some additional comments 
made by respondents were grouped and summarised.  

96 students responded and most were willing to prescribe at less complex scenarios. A statistical significant 
difference between first and fourth years was identified with fourth years finding most cases less challenging, 
but was not found when it came to their likeliness to prescribe. Barriers were identified, which included lack of 
exposure to clinical pharmacy, lack of funding and general perceptions by the public. 

This study found that implementing fundamental changes to the course structure and to the pre-registration 
year appears to be the most viable option. Further studies are required to understand the views of other 
pharmacy students across the UK and to explore the barriers identified.  

1. GPhC. Pharmacist independent prescriber. 2019 [accessed 18th Dec 2019]. Available from:            
https://www.pharmacyregulation.org/education/pharmacist-independent-prescriber 

2. Department of Health. Improving Patients’ Access to Medicines: A Guide to Implementing Nurse and Pharmacist Independent 
Prescribing within the NHS in England. 2006 [accessed 18th Dec 2019]. Available from: 
https://webarchive.nationalarchives.gov.uk/20130105033522/http:/www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/
@dh/@en/documents/digitalasset/dh_4133747.pdf 

3. Robinson J. The trials and triumphs of pharmacist independent prescribers. 2018 [accessed 18th Dec 2019]. Available from: 
https://www.pharmaceutical-journal.com/news-and-analysis/features/the-trials-and-triumphs-of-pharmacist-independent-
prescribers/20204489.article 

4. Royal Pharmaceutical Society. Pharmacist Independent Prescribers. 2018 [accessed 18th Dec 2019]. Available from: 
https://www.rpharms.com/Portals/0/RPS%20document%20library/Open%20access/Policy/GB%20Prescriber%20Policy%20-
FINAL.pdf?ver=2018-08-07-152908-900 
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Depression in care homes has historically been under-diagnosed and undertreated, and the prevalence of 
antidepressants in these settings has fluctuated significantly during this time.1 There is some evidence from 
past publications that suggests the use of antidepressants can result in negative outcomes such as falls and 
cognitive impairment in older adults and residents of care homes, but this remains under explored.2 Research 
looking into the challenges of antidepressant prescribing in such environments is not common and is therefore 
the focus of this rapid review. 

An electronic literature search was conducted using the databases PubMed®, Medline® and EMBASE®. The 
studies that were ultimately included in this review focussed on the negative outcomes falls and cognitive 
impairment. A risk of bias assessment was completed according to the Critical Appraisal Skills Programme 
(CASP), in order to judge the levels of bias in each of the papers. All studies that were to be included in the 
review were organised into a table, into which data was extracted for analysis. 

 

Of the 661 records identified through searching, ten studies were included in the final review. These included 
six cohort studies, three qualitative research studies, and one randomised controlled trial (RCT). All of these 
studies had a significant variability in bias but were all deemed to be at low risk. Overall, eight of the possible 
ten studies showed a potential link between antidepressants use and the outcomes cognitive impairment and 
falls. However, not all studies demonstrated statistically significance. 
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This rapid review has demonstrated the complex nature of cognitive impairment and falls in care home 
residents and has not conclusively demonstrated an association with the use of antidepressants in older adults 
residing in care homes. 

1. Shah S, Schoenbachler B, Streim J, Meeks S. Antidepressant Prescribing Patterns in the Nursing Home: Second-Generation 
Issues Revisited. Journal of the American Medical Directors Association. 2012;13(4):406e13-406e18. doi: 
10.1016/j.jamda.2011.09.004 

2. Kok R, Heeren T, Nolen W. Continuing Treatment of Depression in the Elderly: A Systematic Review and Meta-Analysis of 
Double-Blinded Randomized Controlled Trials With Antidepressants. The American Journal of Geriatric Psychiatry. 
2011;19(3):249-255. doi: 10.1097/jgp.0b013e3181ec8085 
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3NB, Wales, UK 

Communication skills are required by pharmacists to exchange information successfully with patients and is 
an essential element of quality patient care.1 Language choice is a significant factor in person-centred care 
and communication as patients need to understand the information that is given to them. Wales is a bilingual 
nation where two official languages are acknowledged – English and Welsh.2 Although many Welsh-speakers 
are able to speak English, research indicates that patients are more comfortable discussing their health in their 
first language.3 Legislative changes have been made to primary care providers in Wales to improve the quality 
of care for Welsh-speakers.4 The aim of the study was to explore the opinions and experiences of Welsh 
speakers regarding the use and availability of pharmacy services through the medium of Welsh.  

Qualitative focus groups were chosen as the methodological approach. Sixteen Welsh-speakers were 
recruited through purposive sampling. Two researchers conducted three focus groups, which were made up 
of five to six participants each. Focus groups were conducted in Welsh, audio recorded and transcribed 
verbatim. Thematic analysis was used to identify themes and sub-themes. 

Four major themes were identified: language choice in healthcare, which focused on language preference of 
patients when discussing health; barriers to the use of Welsh, which explored reasons as to why the Welsh 
language may not be spoken in a pharmacy; availability of pharmacy services through the medium of Welsh 
and future of the Welsh language in pharmacies. 

The findings show that when available, Welsh language pharmacy services are being used and are in demand. 
It is apparent that patients are more comfortable communicating to healthcare professionals in their first 
language. Despite Welsh Government schemes to enhance Welsh-speaking services, more needs to be done 
to improve awareness of pharmacy services through the medium of Welsh and the availability of Welsh-
speaking staff. 

1. General Pharmaceutical Council. Standards for pharmacy professionals. 2017 [Accessed 14 Oct. 2019]. Available from:    
https://www.pharmacyregulation.org/sites/default/files/standards_for_pharmacy_professionals_may_2017.pdf 

2. Office for National Statistics. Language in England and Wales: 2011. 2013 [accessed 14 Oct 2019]. Available from: 
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/language/articles/languageinenglandandwales/2013-
03-04 

3. Roberts G, Irvine F, Jones P, Spences L, Baker C, Williams C. Report of a Study of Welsh Language Awareness in 
Healthcare Provision in Wales. 2004 [accessed 14 Oct. 2019]. Available from: 
http://www.wales.nhs.uk/sites3/documents/415/ACF3394.pdf 

4. Welsh Government. The National Health Service (Welsh Language in Primary Care Services) (Miscellaneous Amendments) 
(Wales) Regulations 2019. 2019 [accessed 14 Oct 2019]. Available from: http://www.assembly.wales/laid%20documents/cr-
ld12567/cr-ld12567-e.pdf 

 

 

Assessing the stability of methotrexate within a continuous ambulatory delivery 
device (CADD®) cassette. 
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Methotrexate is a chemotherapy drug mainly used within regimens treating lymphomas. Cancer treatment 
significantly affects the NHS’s budget and patients’ quality of life. Hospital admissions, and the adverse effects 
of treatments have negative effects on physical ability, emotional state, and social functioning.1  These 

http://www.assembly.wales/laid%20documents/cr-ld12567/cr-ld12567-e.pdf
http://www.assembly.wales/laid%20documents/cr-ld12567/cr-ld12567-e.pdf


MPharm 

41 

services also have cost implications, estimated to be £5 billion annually.2 Due to devices such as continuous 
ambulatory delivery devices (CADD®), treatments can now be administered outside of the hospital setting, 
within an ambulatory care service. Previous studies have shown only a small number of medications to be 
stable in the device; this does not include methotrexate.3,4 This study aims to test the stability of methotrexate 
in order to allow its future use in ambulatory care programmes. 

Twenty CADD® cassettes were prepared, containing 100ml of 50mg/ml methotrexate solution in 0.9% sodium 
chloride. Ten cassettes were placed in a 2-8°C refrigerator, and ten in a 40°C stability chamber, for 10 days. 
Three 0.5ml samples were taken from each cassette on days 0, 3, 7, and 10. These samples were diluted to 
0.25mg/ml and analysed using a validated stability indicating high performance liquid chromatography method 
using UV detection. Additionally samples were subjected to physical stability tests including; visual tests, 
turbidity, particle counting, and pH. Finally two cassettes at each temperature were weighed to assess if any 
moisture loss occurred at either temperature. 

At both temperatures, methotrexate in CADD® cassettes retained 90-110% of the initial concentration for 10 
days. No degradation peaks were observed over the testing period. Physical stability tests showed that no 
changes occurred over the 10 days at either temperature and no moisture loss occurred. 

At 2-8°C and 40°C, methotrexate solution in CADD® Medication Cassette Reservoirs was found to be stable 
for 10 days. This device is suitable for administration of methotrexate within an ambulatory care service, 
allowing patients to receive their treatment in a more comfortable environment. 

1. Hinz A, Weis J, Faller H, Brähler E, Härter M, Keller M et al. Quality of life in cancer patients - a comparison of inpatient, 
outpatient, and rehabilitation settings. Support Care Cancer. 2018;26(10):3533-3541. doi: 10.1007/s00520-018-4211-4 

2. Department of Health & Social Care. 2010 to 2015 government policy: cancer research and treatment. 2015. [accessed 25 
Oct 2019]. Available from: https://www.gov.uk/government/publications/2010-to-2015-government-policy-cancer-research-
and-treatment/2010-to-2015-government-policy-cancer-research-and-treatment 

3. Madfai FA, Zaidi STR, Ming LC, Wanandy T, Patel RP. Stability of milrinone in continuous ambulatory delivery devices. Am J 
Health Syst Pharm. 2018;75(9):241-245. doi: 10.2146/ajhp170372 

4. Madfai FA, Valah B, Zaidi STR, Wanandy T, Ming LC, Peterson GM, Patel RP. Stability of dobutamine in continuous 
ambulatory delivery devices. J Clin Pharm Ther. 2018;43(4):530- 535. doi: 10.1111/jcpt.12674 
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~70% of breast cancers (BC) are oestrogen receptor positive (ER+) and treated using endocrine agents.1 
However, acquired resistance remains a clinical issue which can be associated with ER loss and increased 
growth factor kinase signalling (e.g. EGFR, Src) and results in relapse with poor prognosis.2 Recent research 
in Cardiff University identified increases in co-activator VGLL1 and its Hippo pathway nuclear transcription 
factor TEAD1 in luminal A-derived acquired resistant BC cells which had lost ER.3 However, the further 
important TEAD co-activator YAP1 is unexplored in this setting. This project aimed to investigate whether 
YAP1 is deregulated and possibly functional and growth-contributory in luminal A-derived acquired endocrine 
resistant cell lines. It also investigated any potential to target such signalling using verteporfin (“Visudyne”), a 
photosensitiser that inhibits YAP1 under dark conditions.4        

Gene microarrays and immunocytochemistry (ICC) assessed YAP1 expression and localisation, along with 
ER, and TEAD1, in endocrine resistant versus responsive BC models. To examine YAP1’s functionality, ICC 
was optimised for YAP1/TEAD’s transcriptional target CYR61. Treating resistant cells with gefitinib or 

saracatinib (1M) explored YAP1’s regulation by EGFR and Src. Verteporfin impact (1-10 µM) on Ki67 
(proliferation), YAP1 and CYR61 staining was also examined.    

YAP1 mRNA, nuclear YAP1 protein, its partner TEAD1, and CYR61 expression were significantly increased 
in Faslodex resistant cells and (where examined) other endocrine resistant models with ER loss. Neither 
gefitinib nor saracatinib substantially inhibited YAP1. Despite cell death hindering evaluation, there were 
significant dose-dependent proliferation and possibly YAP1 and CYR61 decreases with verteporfin.   

YAP1 is deregulated (perhaps independently of EGFR and Src) and with its essential nuclear partner TEAD1 
is likely to be functional in acquired resistant BC cells with ER loss. While the verteporfin findings suggest 
YAP1/TEAD signalling is growth-contributory and that this drug might potentially treat resistance, further 
research is necessary to consolidate whether it specifically-targets YAP1.4    

https://www.gov.uk/government/publications/2010-to-2015-government-policy-cancer-research-and-treatment/2010-to-2015-government-policy-cancer-research-and-treatment
https://www.gov.uk/government/publications/2010-to-2015-government-policy-cancer-research-and-treatment/2010-to-2015-government-policy-cancer-research-and-treatment
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A preliminary investigation into the efficacy of Eugenol as a topical antifungal 
preparation. 
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Incontinent patients typically wear disposable diapers which can frequently lead to incontinence-associated 
dermatitis (IAD). This leaves patients vulnerable to secondary infections, particularly from Candida albicans 
which was isolated from more than 80% of IAD cases.1,2   Due to the growing issue of resistance, new 
treatments need to be found. Eugenol is a major component of clove oil (Syzygium aromaticum) and has 
proven antifungal properties.3   The aim of this study is to identify a suitable liquid to act as a solvent for Eugenol 
and to measure the impact of this solvent on the minimum inhibitory concentration (MIC) of Eugenol with a 
view to begin developing a topical antifungal preparation. 

Agar diffusion assays and a broth dilution assay were conducted to determine the MIC of Eugenol in different 
solvents and a recovery study was performed to identify if Eugenol is fungicidal. Pearson’s R2 and one-way 
ANOVA tests were used for statistical analysis. 

While some solvents had innate antifungal activity, there was no statistical significance between the choice of 
solvent at 50% v/v Eugenol. At 5% v/v Eugenol, the choice of solvent is statistically significant and ethanol 
gave the best result. In the broth diffusion assay, the sweet almond oil solutions did not show growth inhibition 
with higher concentrations of Eugenol as there were Eugenol partitioning issues between the oil and water 
phases. With the ethanol based solutions we could not confidently attribute the fungal inhibition seen at higher 
concentrations to just Eugenol due to a flaw in the method. 

Although this project was not successful in quantifying the MIC of Eugenol in combination with different 
solvents, the potential of ethanol and sweet almond oil has been identified and does warrant further 
exploration. The main barrier to this project has been issues with the methodologies which can be overcome 
with some modifications. 

1. Denyer SP, Hugo WB, Russell AD, Denyer SP, Hodges N, Gorman SP. Hugo and Russell's Pharmaceutical Microbiology. 8th 
ed. Chichester: Wiley-Blackwell; 2011. 

2. Bonifaz A, Rojas R, Tirado-Sánchez A, Chávez-López D, Mena C, Calderón L, et al. Superficial Mycoses Associated with 
Diaper Dermatitis. Mycopathologia. 2016;181(9-10):671-9. doi: 10.1007/s11046-016-0020-9 

3. Pinto E, Vale-Silva L, Cavaleiro C, Salgueiro L. Antifungal activity of the clove essential oil from Syzygium aromaticum on 
Candida, Aspergillus and dermatophyte species. J Med Microbiol. 2009;58(11):1454-62. doi: 10.1099/jmm.0.010538-0 
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on neuroinflammation and dyskinesias in the 6-OHDA rodent model of Parkinson’s 
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Neuroinflammation is implicated in the pathology of Parkinson’s Disease (PD).1  L-DOPA (the first-line 
treatment for PD) has been surrounded by debate as to whether it perpetuates this neuroinflammation.2 
Therefore, this study aims to investigate the inflammatory response following dopaminergic denervation in a 
rodent model, determining whether chronic L-DOPA administration affects this response. This study also 
sought to identify whether there is enhanced inflammation in areas linked to generation of L-DOPA-induced 
dyskinesias (LID), the treatment-limiting side effect of L-DOPA.  
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Rats were split into 3 groups receiving either a unilateral injection of the 6-hydroxydopamine (6-OHDA) toxin 
(creating an animal model of PD), a SHAM surgery (for which saline was injected in place of 6-OHDA) or no 
surgery. SHAM or 6-OHDA lesioned rats were then given either L-DOPA or saline treatment for 6 weeks. 
Abnormal involuntary movement scores were assessed weekly to determine severity of LIDs. Post-mortem 
immunohistochemical analysis was conducted using antibodies against glial fibrillary acidic protein (GFAP) in 
reactive astrocytes and CD11b (OX42) in activated microglia. This was followed by optical density (O.D), 
stereology and image subtraction analysis to quantify inflammation.   

The 6-OHDA lesion caused a significant increase in GFAP expression, specifically in the medial and lateral 
regions of the lesioned striatum, suggesting that dopaminergic denervation enhances neuroinflammation, 
however not solely in locations linked to LIDs. While O.D showed no difference in L-DOPA treated animals 
compared to saline, stereology data showed increase in GFAP+ cells in the striatum of the lesioned 
hemisphere, suggesting that L-DOPA enhances the inflammatory response. The OX42 marker revealed no 
significant differences between treatment interventions.  

This study concludes that dopamine denervation and chronic L-DOPA administration contribute individually to 
the inflammatory response, analogous to previous studies.3,4  Therefore, introduction of drug treatments into 
animal models will be essential to ensure efficacious translation of new therapies into the clinical environment.  

1. Tansey MG, Goldberg MS. Neuroinflammation in Parkinson’s disease: its role in neuronal death and implications for 
therapeutic intervention. Neurobiol Dis. 2010 Mar;37(3):510-8. doi: 10.1016/j.nbd.2009.11.004 

2. Carta AR, Mulas G, Bortolanza M, Duarte T, Pillai E, Fisone G, et al. L-DOPA-induced dyskinesia and neuroinflammation: do 
microglia and astrocytes play a role? Eur J Neurosci. 2017 Jan;45(1):73-91. doi: 10.1111/ejn.13482 

3. Barnum CJ, Eskow KL, Dupre K, Blandino P Jr, Deak T, Bishop C. Exogenous corticosterone reduces L-DOPA-induced 

dyskinesia in the hemi-parkinsonian rat: Role of interleukin-1. Neuroscience. 2008 Sep;156(1):30-41. doi: 
10.1016/j.neuroscience.2008.07.016 

4. Bortolanza M, Cavalcanti-Kiwiatkoski R, Padovan-Neto FE, Da-Silva CA, Mitkovski M, Raisman-Vozari R, et al. Glial 
activation is associated with L-DOPA induced dyskinesia and blocked by a nitric oxide synthase inhibitor in a rat model of 
Parkinson’s disease. Neurobiol Dis. 2015 Jan;73:377-87. doi: 10.1016/j.nbd.2014.10.017 
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Asthma is one of the most common chronic respiratory condition in the UK and approximately 1 person dies 
every 8 hours.1 Clinical efficacy of asthma medications is well established 2,3 but asthma control within 
asthmatic population is disappointing with 80,000 emergency hospital admissions within a year alone. (1) This 
study aims to investigate potential factors (inhaler technique and adherence) which leads to poor asthma 
control. 

53 patients were recruited via convenience sampling from different pharmacies in South Wales. Participants 
were asked to sign a consent form in order to take part in this study. Asthma Control Test (ACT) and Test of 
the Adherence to Inhalers (TAI) questionnaires were completed by the participants. A Vitalograph Aerosol 
Inhalation Monitor (AIM) was used to assess their inhaler technique. AIM categorised each participants 
technique into Good, Sub-optimal or Fail. In order to identify any statistical significance in our results, The 
Kruskal Wallis and Mann-Whitney U tests were used. 

Of the 53 participants 68% had uncontrolled asthma. 53% of the participants had experienced exacerbations 
in the past, suggesting a history of poor asthma control. Overall, inhaler technique was poor with 46% of the 
cohort assessed as an AIMs ‘fail’. Adherence among the participants was problematic with 60% of the cohort 
assessed as having poor adherence. Surprisingly, our results did not show any significance of inhaler 
technique and adherence to asthma control. 

It is clear that a larger sample in needed to identify the reason behind poor asthma control. Bigger sample size 
will increase the statistical power to identify any differences within our data sets. Investigating in depth the 
reasons behind poor inhaler technique/adherence in the future study might explain the overwhelming morbidity 
and mortality rates in the asthmatic population. 

1. NHS Yorkshire and the Humber. Asthma Better for Less. 2011 [accessed 10 Dec 2019]. Available from: 
https://www.networks.nhs.uk/nhs-networks/respiratory-leads/documents/Better%20for%20Less%20-%20%20Asthma%20-
Yorks%20-%20Humber.pdf 

https://www.networks.nhs.uk/nhs-networks/respiratory-leads/documents/Better%20for%20Less%20-%20%20Asthma%20-Yorks%20-%20Humber.pdf
https://www.networks.nhs.uk/nhs-networks/respiratory-leads/documents/Better%20for%20Less%20-%20%20Asthma%20-Yorks%20-%20Humber.pdf
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2. Maiti R, Prasad CN, Jaida J, Mukkisa S, Koyagura N, Palani A. Racemic salbutamol and levosalbutamol in mild persistent 
asthma: a comparative study of efficacy and safety. Indian J Pharmacol. 2011;43(6):638-43. doi: 10.4103/0253-7613.89817 

3. Kumar, Hitender, Goel, Ashok, Chand, Nirmal, et al. To compare the clinical efficacy and safety of salbutamol and 
levosalbutamol metered- dose inhalers in patients of bronchial asthma. Ches. 2010;138(4):160A. doi: 
https://doi.org/10.1378/chest.9952 
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Dry powder inhalers (DPIs) are used to deliver active pharmaceutical ingredients (APIs) into the lung. 
Single dose hard-shell capsule based DPIs consist of an API and a carrier excipient contained within a 
dry powder formulation. In clinical use, a capsule is loaded into a DPI and is then punctured upon 
actuation by retractable pins, or cut open by a blade inside the device, before patient inhalation of the 
powdered capsule contents. Hygroscopic APIs or excipients can absorb moisture from the capsule wall, 
which may compromise the physical and chemical stability of the powder formulation.1 Whilst reducing 
the moisture content of hard-shell capsules could benefit these formulations, this may affect their 
mechanical and puncturing properties. 2-4 The aim of this study was to characterise the performance of a 
novel low moisture commercial hypromellose capsule formulation (Quali-V®-I Extra Dry), and compare 
this with its clinically established counterpart (Quali-V®-I). 

Empty Quali-V®-I and Quali-V®-I ED capsule formulations were stored in glass desiccators for two weeks 
at different relative humidities (RHs) to produce capsule formulations with a range of moisture contents, 
including Quali-V®-I capsules at the lower limit of their specification (4.5-6.5% w/w) and Quali-V®-I ED 
capsules within their lower moisture content specification (2.0-3.5% w/w). A compression test was used 
to determine the mechanical properties of the different capsule formulations and the rotational dynamics 
and puncture performance of both capsule formulations were investigated in a simulated inhalation event. 

The compression profiles of Quali-V®-I and Quali-V®-I ED, conditioned within their moisture specification, 
were reproducible and comparable in terms of their shape. There were also no significant capsule 
fracturing events during the test. The lower moisture content Quali-V®-I ED formulation had a slightly 
higher mean compression force at the elastic limit (32.05±3.00N versus 28.91±2.39N for Quali -V®-I) 
where permanent capsule deformation occurs. The number of rotations per second during a simulated 
inhalation event were comparable for both Quali-V®-I (24±2) and Quali-V®-I ED (24±2). Slight differences 
were observed in the presence and positioning of the flap following puncture between both formulations.  

The performance of capsule formulations were comparable, with small differences in the mechanical properties 
unlikely to affect the clinical utility of the capsule. Future studies should investigate the performance of Quali-
V®-I ED capsules at the lower end of their moisture specification and further evaluate the effect of reducing 
moisture content on pulmonary drug delivery. 

1. Bell JH, Stevenson NA, Taylor JE. A moisture transfer effect in hard gelatin capsules of sodium cromoglycate. J Pharm 
Pharmacol. 1973;25:Suppl:96P-103.  

2. Birchall JC, Morrissey A, Jones BE. A comparison of the puncturing properties of Gelatin and hypromellose capsules for use 
in dry powder inhalers. Drug Development and Industrial Pharmacy. 2008;34(8):870-6. doi: 
http://dx.doi.org/10.1080/03639040801928903 

3. Torrisi BM, Birchall JC, Jones BE, Díez F, Coulman SA. The development of a sensitive methodology to characterise hard 
shell capsule puncture by dry powder inhaler pins. International Journal of Pharmaceutics. 2013;456(2) doi: 
10.1016/j.ijpharm.2013.08.011 

4. Chong RHE, Jones BE, Díez F, Birchall JC, Coulman SA. Evaluating the sensitivity, reproducibility and flexibility of a method 
to test hard shell capsules intended for use in dry powder inhalers. International Journal of Pharmaceutics. 2016;500(1-
2):316-25. doi: 10.1016/j.ijpharm.2016.01.034 

 

 
 

 

 

 

https://doi.org/10.1378/chest.9952
http://dx.doi.org/10.1080/03639040801928903


MPharm 

45 

Evaluating the pre-clinical efficacy of local doxorubicin delivery compared to 
systemic administration in the treatment of breast cancer. 

Louise Sayers and B Newland 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  

CF10 3NB, Wales UK 

The mainstay treatment of the majority of breast cancers involves systemic chemotherapy, however, it has 
several inherent issues. The uncontrolled drug distribution means the drugs cytotoxic action affects all cells, 
resulting in toxic, dose-limiting,  side effects, such as cardiotoxicity with doxorubicin1 Systemic treatment also 
fails to give the local control needed to prevent tumour recurrence leading to a cancer relapse and greater 
mortality risk.2  Localised chemotherapy, involving drug delivery directly to the tumour,3 is a promising avenue 
to overcome these challenges. This project aims to determine if several doxorubicin-based local delivery 
methods prove more efficacious in the treatment of breast cancer compared to systemic administration. 

Using data from previous studies, six different doxorubicin-based localised treatments were compared to 
intravenous administration and two control groups. Tumour growth was measured through tumour-cell 
associated bioluminescence and at the endpoint of the study, the tumour weight and metastasis profile were 
determined. Cardiotoxicity was determined by the final heart weight. Using these measures, the statistical 
significance was analysed in comparison to the control using the relevant statistical test. 

Tumour growth was reduced in all localised treatments compared to systemic administration and the control. 
The difference only reached statistical significance by week 6, where four localised treatments were found to 
be significant. Tumour burden was also diminished, with the high dose microcarriers average tumour weight 
only 44mg. The silk hydrogel and stabilised silk film interventions were the most successful, having statistical 
significance for tumour growth and tumour weight. Silk hydrogel treatment also resulted in complete tumour 
regression in two out of five mice. Only the high dose nanotubes proved to have a significant reduction in heart 
weight. However, overall local delivery failed to be more beneficial preventing metastasis than systemic.  

The silk hydrogel and stabilised silk film methods were shown as promising avenues to overcome the issues 
of systemic chemotherapy. However, both need refinement to provide greater local disease control and 
improve metastasis rates.  

1. Renu K, V GA, P BT, Arunachalam S. Molecular mechanism of doxorubicin-induced cardiomyopathy - An update. Eur J 
Pharmacol. 2018;818:241-53. doi: 10.1016/j.ejphar.2017.10.043 

2. Hendricks BK, Cohen-Gadol AA, Miller JC. Novel delivery methods bypassing the blood-brain and blood-tumor barriers. 
Neurosurg Focus. 2015;38(3):E10. doi: 10.3171/2015.1.FOCUS14767 

3. National Cancer Institute. NCI Dictionary of Cancer Terms: Regional Chemotherapy. 2019 [accessed 20 Dec 2019]. Available 
from: https://www.cancer.gov/publications/dictionaries/cancer-terms/def/regional-chemotherapy  
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Within the National Health Service patients are being unintentionally harmed through incidents thought 
to be preventable, with 91,550 patient safety incidents occurring between April 2018 and March 2019.1 
The World Health Organisation (WHO) aims to improve this, with a goal of reducing medication related 
harm by 50% in five years.2 The safety culture of an organisation concerns individual and group attitudes 
towards an organisation’s health and safety management.3 Benchmarking data to assess the safety culture 
of managed sector pharmacy is crucial, so that areas for improvement can be highlighted and patient safety 
can be improved. The aim of this project was to assess the safety climate in managed sector pharmacy with a 
view to monitoring the impact of the WHO campaign. 

A qualitative research strategy was used, and primary data was collected through an online questionnaire 
containing 45 questions. The Likert scale was used to assess six main attitudes that make up an organisation’s 
safety climate. The results were anonymous and imported into GraphPad Prism4 for statistical analysis using 
one-way ANOVA. University research ethics approval was obtained. 

A total of 177 people responded to the questionnaire from 2132 invitations sent, giving a response rate of 
8.15%. The most positive safety attitude was teamwork, with working conditions being highlighted as a barrier 
to improvements, achieving the most negative response. Dispensing assistants and workers within prison 
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pharmacies showed the most positive attitudes to safety when compared to other pharmacy staff and the 
hospital and primary care sector respectively. 

The results demonstrate that safety climate in managed sector pharmacy is positive, however further 
research into this area due to the low response rate is needed to confirm this. The data obtained from 
this study can be used to assess safety climate moving forward and monitor the success of the WHO 
campaign when introduced in Wales. 

1. NRLS. Official statistics publications: guidance notes. National Reporting and Learning System (NRLS): [accessed 
18/11/2019]. Available from: https://improvement.nhs.uk/documents/2549/NRLS_Guidance_notes_March_2018.pdf 

2. WHO. Medication Without Harm.  2017 [accessed 19/11/2019]. Available from: https://www.who.int/patientsafety/medication-
safety/en/ 

3. HSE. Organisational Culture. The Health and Safety Executive; [accessed 19/11/2019]. Available from: 
http://www.hse.gov.uk/humanfactors/topics/common4.pdf 

4. Motulsky H. GraphPad prism 8.3.0. 2018. [accessed 02/12/2019]. Available from: https://www.graphpad.com/scientific-
software/prism/ 
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Pharmacy is a growing, constantly developing industry with good employment potential1, however in recent 
years the number of applicants to Pharmacy degrees has been falling across all schools of pharmacy whilst 
the number of students accepted through the Clearing application process bee rising. This has led to concerns 
over whether the students being accepted are of a lower quality or commitment than those who came before.2 
This study was conducted to investigate the opinions of applicants to the MPharm degree around Pharmacy 
itself, but also Cardiff University so that the results could inform ongoing recruitment efforts for the School of 
Pharmacy and Pharmaceutical Sciences (SPPS). 

A link to an anonymous questionnaire was sent out to all current MPharm students attending Cardiff SPPS via 
the University’s email system. The questionnaire contained mainly multiple-choice questions, however some 
free text options were provided to account for the uniqueness of the application process to the applicant. The 
data gathered was qualitative and best represented graphically. A pilot study could not be run due to time 
constraints. Ethics approval was obtained from the SPPS ethics committee. In total 185 respondents filled in 
the questionnaire, 125 at the initial distribution and a further 60 following a reminder email. 

Students found SPPS’s prestigious reputation the biggest factor in deciding to attend, however for Pharmacy 
itself opinions were more divided. Career prospects were a deciding factor for Pharmacy along with a strong 
desire to help others. The limitations of students’ knowledge of Pharmacy, with almost 50% of respondents 
having no relevant work experience could be a factor in falling applicant rates. Few applicants had any 
experience with the University outside of recruitment efforts but of the recruitment efforts they faced, the 
interview was significant in their decision. 

Applicant loss could be combated by, raising awareness not only of the University itself but also the versatility 
of the degree and the introduction of the Pharmacist as more than just a label on a bottle that is so lacking in 
public perceptions.3 

 
1. Centre for Workforce Intelligence. 2013.A strategic review of the future pharmacist workforce September 2013. Available at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/507660/CfWI_Review_of_t
he_Future_Pharmacist_Workforce.pdf] [Accessed: 18 Oct 2019] 

2. Andalo, D 2018. Pharmacy students accepted through clearing increases by 140%. The Pharmaceutical Journal. Doi: 
10.1211/PJ.2018.20205780. Available at: https://www.pharmaceutical-journal.com/news-and-analysis/news/pharmacy-
students-accepted-through-clearing-increases-by-140/20205780.article [Accessed 18 Oct 2019] 

3. Hodson, K. James, DH. and Kember, J. 2017. The public's perception of the role of community pharmacists in Wales. 
International Journal of Pharmacy Practice 26(2), pp. 120-128. Doi:10.1111/ijpp.12375 

 

 

Morphology and protein expression of hTERT-immortalised keratinocytes in 
different confluencies for producing bioink in 3D skin printer. 

https://improvement.nhs.uk/documents/2549/NRLS_Guidance_notes_March_2018.pdf
https://www.who.int/patientsafety/medication-safety/en/
https://www.who.int/patientsafety/medication-safety/en/
http://www.hse.gov.uk/humanfactors/topics/common4.pdf
https://www.graphpad.com/scientific-software/prism/
https://www.graphpad.com/scientific-software/prism/
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Currently, human skin equivalent models (HSE) can be 3D printed using primary human keratinocytes. 1 
However, employing primary human keratinocytes has its limitations, including the availability of skin donors 
and donor to donor variation. The use of a suitable in vitro cell line such as human TERT-immortalised (hTERT) 
keratinocytes could solve these limitations.2 hTERT keratinocytes were chosen because they have 
demonstrated the ability to mature into full-thickness HSE in vitro models with similar properties to native skin. 
2,3  

The ultimate aim is to 3D print a fully matured HSE from hTERT keratinocyte. This requires bioink of hTERT 
keratinocytes at different stages of their cell cycle, as keratinocytes exhibit characteristic morphology and 
protein expression in different layers of the skin. In this study, we aim to characterise hTERT keratinocytes 
when grown to different confluencies to compare them to native keratinocytes in each layer of the skin. hTERT 
keratinocytes are grown to 30%, 60%, 100% and 120% confluency and characterised based on their 
morphology and their expression of Involucrin (IVL) and Cytokeratin 5 (K5). Microscopic observations of 
cultures and immunoblotting to test for expression of IVL and K5 was conducted.  

We have shown that morphology of hTERT keratinocytes at 30% confluency resembled cells in the stratum 
basale and at 60% confluency they resembled the stratum spinosum. At 100% and 120% confluency, cultures 
have similar morphology to the granular layer but still retained their nuclei. Our results demonstrated higher 
expression of K5 and IVL as confluency increased.  

Presence of nuclei and high abundance of K5 in higher confluencies is concluded to be due hTERT 
keratinocytes’ differentiation and replicative potential which is beyond the capability of normal primary 
keratinocytes.4 Higher levels of IVL in higher confluencies is because hTERT keratinocytes begin to 
differentiate in dense populations.  

1. Derr K, Zou J, Luo K, Song MJ, Sittampalam GS, Zhou C, et al. Fully Three-Dimensional Bioprinted Skin Equivalent 
Constructs with Validated Morphology and Barrier Function. Tissue Eng Part C Methods. 2019;25(6):334-343. doi: 
10.1089/ten.TEC.2018.0318. 

2. Reijnders CM, van Lier A, Roffel S, Kramer D, Scheper RJ, Gibbs S. Development of a Full-Thickness Human Skin 
Equivalent In Vitro Model Derived from TERT-Immortalized Keratinocytes and Fibroblasts. Tissue Eng Part A. 2015;21(17-
18):2448-59. doi: 10.1089/ten.TEA.2015.0139.  

3. Briley A, Shapiro B. hTERT-immortalized and primary keratinocytes differentiate into epidermal structures in 3D organotypic 
culture. 2016 [accessed 05 Jan 2020]. Available from: 
https://www.atcc.org/~/media/Attachments/Application%20Notes/Application%20Note%2017%20Ker-
CT%20Immortalized%20Keratinocyte%20Cells.ashx  

4. Bodnar AG, Ouellette M, Frolkis M, Holt SE, Chiu CP, Morin GB, et al. Extension of life-span by introduction of telomerase 
into normal human cells. Science. 1998;16;279(5349):349-52. doi:10.1126/science.279.5349.349  

 

  

Investigate the role of ZIP7 on kinase signalling pathways 

Allan Simon and KM Taylor 
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Zinc is a trace element required for cells to be able to have normal growth and development.1 There are two 
families of zinc transporter the SCL30A family and the ZIP7 family. ZIP7 resides on the endoplasmic reticulum 
where it transports zinc into the cytoplasm. ZIP7 becomes active once it has been phosphorylated at serine 
residue sites S275 and S276

 by kinases.2 ZIP7 mutants P190A and E363K are being tested to show whether 
they can respond to kinase activation as the healthy ZIP7 does. 

Wild-type, null mutant, P190A and E363K ZIP7 transporters were made, these were transfected into MCF-7 
breast cancer cells. The cells were then stimulated with exogenous zinc at 0 and 10 minutes and then lysed, 
when treated at 0 minutes the cells are untreated. SDS-PAGE and western blot analysis were used to assess 
the effect of ZIP7 protein on activation of a number of different kinases.  

The results showed that the P190A and E363K mutants only partially activated the kinases. The P190A mutant 
ZIP7 only appeared to partially transport zinc in contrast to the E363K mutant ZIP7 which could activate more 
kinases. 

It was hypothesised that the P190A mutant ZIP7 would be able to partially transport zinc better than the E363K 
mutant ZIP7 due to the changes in residues in the different mutants. This decrease in activation of downstream 

https://www.atcc.org/~/media/Attachments/Application%20Notes/Application%20Note%2017%20Ker-CT%20Immortalized%20Keratinocyte%20Cells.ashx
https://www.atcc.org/~/media/Attachments/Application%20Notes/Application%20Note%2017%20Ker-CT%20Immortalized%20Keratinocyte%20Cells.ashx
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kinases may help to explain clinical results observed, however, the results from the western blot densitometry 
data was not consistent requiring further repeats. 

1. MacDonald R. The Role of Zinc in Growth and Cell Proliferation. The Journal of Nutrition. 2000;130(5):1500S-1508S. doi: 
10.1093/jn/130.5.1500s 

2. Taylor K, Hiscox S, Nicholson R, Hogstrand C, Kille P. Protein Kinase CK2 Triggers Cytosolic Zinc Signaling Pathways by 
Phosphorylation of Zinc Channel ZIP7. Science Signaling. 2012;5(210):ra11-ra11. doi: 10.1126/scisignal.2002585 

3. Nimmanon T, Ziliotto S, Morris S, Flanagan L, Taylor K. Phosphorylation of zinc channel ZIP7 drives MAPK, PI3K and mTOR 
growth and proliferation signalling. Metallomics. 2017;9(5):471-481. doi: 10.1039/c6mt00286b 

 

 
Hospital Pharmacy’s Perceived Barriers and Facilitators to Discharge Medicines 

Review Provision in Betsi Cadwaladr University Health Board and Cardiff and Vale 
University Health Board 
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3NB, Wales, UK 

The process of transitioning patients across healthcare settings is a complicated one, which can be a threat to 
patient safety.1 Discharge from secondary care in hospital to primary care is considered a world-wide problem. 
In 2011 the Welsh Government introduced the Discharge Medication Review (DMR) service to improve 
transfer of care in Wales. Part one provides reconciliation between that prescribed by their general practitioner 
and that which the patient has been discharged with. Part two supports the patient to adhere to their medicines. 
Following evaluations, the services’ effectiveness was highlighted 2 but also its low uptake rate. The aim of this 
study was to collect the perceptions of hospital pharmacy staff on the barriers and facilitators to referring to 
the service.  

We conducted focus groups in five hospitals across two Health Boards. Gatekeepers were nominated through 
which all study documentation was disseminated through them to the participants via email.  A quota sample 
of two senior pharmacists (band 8+), two junior pharmacists (band 6-7) and two technicians was used. Ethical 
approval had to be obtained from Cardiff School of Pharmacy and Pharmaceutical Sciences. The focus groups 
were recorded and then transcribed; data was analysed using inductive and deductive approaches utilising 
thematic analysis.3 

A number of themes were identified preventing hospital pharmacy staff referring patients to the DMR service. 
These included knowledge of the DMR service and its benefits, uniformity and usability of the IT systems and 
perception of community pharmacy and primary care pharmacists. The ongoing, robust communication 
between hospital and community pharmacy for complex patients was considered a facilitator for referrals.  

The overwhelming lack of knowledge of the service meant staff were not motivated to refer patients. Greater 
promotion and education is needed among both healthcare professionals and patients. Further work should 
be undertaken to gain community pharmacy and patient perspectives. 

1. World Health Organisation. Transitions of Care: Technical Series on Safer Primary Care. 2016 [accessed 5 Nov 2019]. 
Available from: https://apps.who.int/iris/bitstream/handle/10665/252272/9789241511599-
eng.pdf;jsessionid=A90D981797DBF943CECD2BDA0827A974?sequence=1%20WHO%20DOCUMENT%20TRANISITON%
20OF%20CARE 

2. Hodson K, Blenkinsopp A, Cohen D, Longley M, Alam MF, Davies P et al. Evaluation of the Discharge Medication Review. 
2014 [accessed 23 Dec 2019]. Available from: http://www.cpwales.org.uk/Contract-support-and-IT/Advanced-
Services/Discharge-Medicines-Review-(DMR)/Evaluation-of-the-DMR-Service/Evaluation-of-the-DMR-service.aspx 

3. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006; 3(2): 77-101. doi: 
https://doi.org/10.1191/1478088706qp063oa 

 

 

Exploratory Study of Nurse Second Checking During the Preparation and 
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Daniel Smith, K Lynette James 1, Dr LM Hughes 
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Board, University Hospital of Wales, Cardiff CF14 4XW, Wales, UK 

Double checking by a second nurse is an intervention used in many UK hospitals to prevent administration 
errors.1 Following the withdrawal of the Nursing and Midwifery Council’s guidelines in 2019 amidst a 

https://apps.who.int/iris/bitstream/handle/10665/252272/9789241511599-eng.pdf;jsessionid=A90D981797DBF943CECD2BDA0827A974?sequence=1%20WHO%20DOCUMENT%20TRANISITON%20OF%20CARE
https://apps.who.int/iris/bitstream/handle/10665/252272/9789241511599-eng.pdf;jsessionid=A90D981797DBF943CECD2BDA0827A974?sequence=1%20WHO%20DOCUMENT%20TRANISITON%20OF%20CARE
https://apps.who.int/iris/bitstream/handle/10665/252272/9789241511599-eng.pdf;jsessionid=A90D981797DBF943CECD2BDA0827A974?sequence=1%20WHO%20DOCUMENT%20TRANISITON%20OF%20CARE
http://www.cpwales.org.uk/Contract-support-and-IT/Advanced-Services/Discharge-Medicines-Review-(DMR)/Evaluation-of-the-DMR-Service/Evaluation-of-the-DMR-service.aspx
http://www.cpwales.org.uk/Contract-support-and-IT/Advanced-Services/Discharge-Medicines-Review-(DMR)/Evaluation-of-the-DMR-Service/Evaluation-of-the-DMR-service.aspx
https://doi.org/10.1191/1478088706qp063oa
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restructuring,2 nurses have been without a protocol to adhere to when administering medicines. Following the 
World Health Organisation’s plans to reduce minor administration errors by 50% within five years,3 the Welsh 
Government have made motions to produce an all-Wales protocol to provide nurses with a ‘gold standard’ to 
adhere to.4  The purpose of this study is to evaluate the current system of second checking by nurses during 
preparation and administration of medicines, and to identify opportunities for improvement. 

During this service evaluation, a descriptive qualitative design was used. Following School ethics approval and 
receipt of informed consent, data was collected via focus groups with medicines management nurses, non-
participant ethnographic observation and semi-structured interviews with ward nurses. The sample was 
generated by non-probability sampling, and research was continued until thematic saturation was reached. 
Data was evaluated through thematic analysis.  

Most nurses observed or interviewed expressed a lack of understanding regarding how to perform a thorough 
independent second check, and which drugs required a second check. This is largely due to the lack of a 
centralised protocol. This leads to nurses who are unaware how to perform an independent second check 
developing their own system, a ‘check by collusion’, presenting risks to patient safety.  

This research illustrates nurses’ desire for a standard policy. Several nurses expressed such a policy should 
be both idealistic and realistic, providing nurses with a ‘gold standard’ to follow, as well as being achievable. 
Any policy considered unattainable by the nurses is useless, therefore any prospective protocol should be co-
constructed with nurses to develop a system whereby nurses can provide patient treatment with minimal safety 
risks.  

1. Building a Safer NHS for Patients: Improving Medication Safety. Building a Safer NHS for Patients: Improving Medication 
Safety. 2004 doi: 10.1111/jan.12303 

2. Nursing and Midwifery Council. Standards for Medicines Management. 2019. Available from: 
https://www.nmc.org.uk/standards/standards-for-post-registration/standards-for-medicines-management/ 

3. World Health Organization. Medication Errors: Technical Series on Safer Primary Care. 2016. Available from: 
https://apps.who.int/iris/bitstream/handle/10665/252274/9789241511643-eng.pdf 

4. jsessionid=6FCB44512D8E030536247B991BD6EA1F?sequence=1 
5. White J. Nursing and Midwifery in Wales: Key Priorities 2016-2021. 2016. 
 

 

Photosensitiser formulation for controlling food pathogens 
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Antibacterial photodynamic therapy (APDT) employs the use of photosensitisers (PSs)  in the presence of 
visible or ultraviolet light in order to produce reactive oxygen species (ROS) such as cytotoxic singlet oxygen, 
which inactivates bacteria.1 At first, it was introduced to target cancer cells 1, but currently it has the potential 
to be used for the disinfection of food. The aims of this study were to optimise two biocide formulations based 
on the PSs erythrosin B (EB) and curcumin, by modifying the pH, concentration, light exposure and by adding 
excipients, as well as to test the most effective formulation on a variety of common food bacteria to evaluate 
inhibitory activity. 

Stock solutions of 1 mM EB and 1 mM of curcumin in ethanol were prepared. Test inoculums of Staphylococcus 
aureus, Pseudomonas aeruginosa, Listeria monocytogenes and Salmonella enterica serovar Typhimurium 
were prepared. A suspension test based on the BS EN 1276:2009 2 was performed, followed by the Miles and 
Misra 3 method, every time a specific parameter was tested or when a formulation was evaluated against 
different bacterial species. 

The most effective PS identified was EB. An attempt to find the optimum conditions for the EB formulation 
such as the concentration and pH was undertaken, however further experiments are required to accurately 
evaluate them. The optimum exposure time identified was 5 minutes in green light. The addition of 
ethylenediaminetetraacetic acid (EDTA) enhanced activity against P. aeruginosa. EB displayed greater activity 
against Gram-positive species rather than Gram-negative species. 

EB is a promising PS for the disinfection of food. However, further optimisation is required prior to its future 
use against food pathogens, such as S. enterica serovar Typhimurium as its spectrum of activity is still limited. 

1. Ghorbani J, Rahban D, Aghamiri S, Teymouri A, Bahador A. Photosensitizers in antibacterial photodynamic therapy: An 
overview. Laser Ther. 2018;27(4):293-302. doi: 10.5978/islsm.27_18-RA-01 

2. British Standards Institution. BS EN 1276:2009 - Chemical disinfectants and antiseptics. Quantitative suspension test for the 
evaluation of bactericidal activity of chemical disinfectants and antiseptics used in food, industrial, domestic and institutional 
areas. Test method and requirements (phase 2, step 1); 2010. 

https://www.nmc.org.uk/standards/standards-for-post-registration/standards-for-medicines-management/
https://apps.who.int/iris/bitstream/handle/10665/252274/9789241511643-eng.pdf
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3. Miles AA, Misra SS, Irwin JO. The estimation of the bactericidal power of the blood. J Hyg. 1938;38(6):732-49. doi:   
10.1017/S002217240001158X 

 

 

Antifungal Activity of Thiazole Derivatives; A Rapid Systematic Literature Review 
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Owing to the fact fungal infections are an ever growing health problem throughout the world1 the need for novel 
antifungal therapy is now of increased importance. With the emergence of resistance2 to current treatment and 
the limited therapy options the development of novel treatment is of paramount importance. This systematic 
review aims to determine if research from 2009-2019 has shown thiazole derivatives as a viable future class 
for antifungal therapy and consequently if they warrant further research. 

Four bibliographical databases were consulted; Pubmed, Web of Science, Scopus and Embase in order to 
find literature evidence of in vitro and/or in vivo antifungal activity of thiazole derivatives. Studies were screened 
for their eligibility based on inclusion and exclusion criteria. After reading and inclusion of relevant studies, they 
were subjected to quality assessment. Data from all the included studies was extracted and variables 
assessed.  

A total of 15 studies were included in this review based on their eligibility criteria. This review summarises; the 
in vitro and in vivo antifungal properties of thiazole derivatives, the reported mechanism of action, the structural 
activity relationships. As well as if the derivatives display promising drug candidate properties in terms of 
pharmacokinetic and toxicity studies.  

A total of 27.1% of the investigated thiazole compounds were shown to have promising antifungal activity 
based on their in vitro activity. A possible mechanism of action involving inhibiting the ergosterol biosynthesis 
pathway was investigated by a number of the papers.  The thiazole ring appears to give activity by hydrophobic 
and electrostatic interactions with the target. Furthermore, the derivatives appeared to obey drug lead likeness 
rules.  However, further studies need to be conducted to investigate the compounds in vivo activity and 
pharmacokinetic properties.  

1. Benedict K, Richardson M, Vallabhaneni S, Jackson BR, Chiller T. Emerging Issues, Challenges, and Changing Epidemiology 
of Fungal Disease Outbreaks. Lancet Infect Dis. 2017;17 (12):e403-e411. doi: https://doi.org/10.1016/S1473-3099(17)30443-
7 

2. Dominique S. Emerging Threats in Antifungal-Resistant Fungal Pathogens. Front Med (Lausanne). 2016;3 (11). doi: 
10.3389/fmed.2016.00011 

 

 

Design and synthesis of novel antiviral compounds to treat Machupo Virus 

James Stone, S Ferla and A Brancale  
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The structure of GP1 bound to the hTfR1 was exploited to perform High Throughput Virtual Screening (HTVS) 
using a library of approximately 3 million commercially available compounds. 28 small molecules were selected 
for their ability to bind the hTfR1 stopping MACV GP from binding. Compound AB-2260 was identified as 
blocking viral replication at low concentrations. The aim of this project is to synthesise structurally diverse 
derivatives of AB-2260 due to synthetic accessibility to understand which component of the molecule are 
essential for its activity. Combinatorial library tool in MOE1 was used to design compounds that could be readily 
synthesised using chemical regents already in house. The newly designed molecules, will then be docked in 
the hTrF1 binding pocket and ranked per a docking score. 

General mechanisms for each reaction was prepared on ChemDraw saved as a reaction file (.rxn) and used 
in QSAR combinatorial library tool in MOE1 to generate new derivatives from reacting amine with an 
aldehyde/ketone creating a central imine bond (Schiff base) by nucleophilic addition. After merging all 
databases and using Glide SP and refined by Glide XP2 docked into the binding pocket of hTfR it yielded 1741 
ligands. This was then evaluated per XP docking score and visual inspection of the ability to occupy the binding 
site and thus 37 ligands were selected to be synthesised with a binding score range of -4.7246 to -3.063 best 
to worst. The best performing compounds were then synthesised, purified and structurally characterised, 
preparing a new series of new AB-2260 derivatives with yields ranging from 16%-48%.  

https://doi-org.abc.cardiff.ac.uk/10.1016/S1473-3099(17)30443-7
https://doi-org.abc.cardiff.ac.uk/10.1016/S1473-3099(17)30443-7
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Structure Activity Relationship was observed as adding a hydroxyl group to the aldehyde portion of the 
hydrazide and pyrrole ring hydrazide derivatives have an increased binding score and visually conform better 
in the binding pocket of hTfR1 when compared to AB-2260. 

1. 1. MOE: ULC, C. C. G. Molecular Operating Environment (MOE), 2019.10, 1010 
2. 2. Maestro: 35-Schrödinger Release 2019-3: Maestro, Schrödinger, LLC, New York, NY, 2019). 
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Sodium valproate is a teratogenic drug, meaning it can result in birth defects and malformations when used by 
pregnant women. Since being discovered initially as an anticonvulsant in 1967, it later emerged as a mood 
stabiliser in the 1980s, although the risks were still unknown. This study is aimed to assess trends in the 
prescribing of sodium valproate in primary care at a national level in order to determine whether the current 
guidelines regarding sodium valproate are being adhered to. 

Comparative analysis system for prescribing audit (CASPA) was used to collect information on the prescribing 
practices of sodium valproate between April 2013 and August 2019. Trends in the data were assessed using 
Microsoft Excel and SPSS to determine whether prescribing practice is influenced by recent guidelines.  

Based on defined daily dose (DDD) values, prescribing of sodium valproate decreased throughout the data 
period. The DDD of Epilim, which was the most frequently prescribed brand of sodium valproate, fell over the 
data period. However, generic sodium valproate showed an upward trend between 2013 and 2019 when 
compared to the alternative medications for the same seizure type. Furthermore, although sodium valproate 
started the data period as more highly prescribed than its alternatives, levetiracetam experienced a rapid 
increase and surpassed valproate as the most prescribed by the end of August 2019. Statistical analysis 
revealed there was no significant effect of the most recent MHRA guidelines on the prescribing of sodium 
valproate.  

The decline in sodium valproate prescribing throughout the data period is very gradual. It is feasible that this 
reduction is due to the introduction of medical guidelines. However, the dangers of sodium valproate have 
been well documented prior to April 2013, hence it is likely that the number of patients receiving sodium 
valproate had decreased extensively prior to this data period.  

 

The role of the oxidised lipids produced by 12R-lipoxygenase in epidermal cell 
differentiation 

Noor Uddin and CP Thomas 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  

CF10 3NB, Wales UK 

12R-lipoxygenase is an enzyme discovered in the epidermis that catalyses polyunsaturated lipids such as O-
linoleoyl-ω-hydroxyacyl-sphingosine into hydroperoxides.1 The enzyme target, linoleic acid, which is attached 
to long chain ceramides, is oxidised and is a recognition molecule for esterases to cleave.2 The remaining 
structure enters additional biochemical pathways to become an element in the cornified envelope, a layer 
necessary for barrier function.3 Genetic defects induce ichthyosis, a skin disorder identified by dry scaly skin 
due to abnormal water loss and management with emollients is recommended due to no treatment. The 
absence of 12R-lipoxygenase in mice models also displayed similar symptoms, with water loss being the 
causative factor for impaired barrier function and highlighting the role of water retention in the epidermis.4 
The study was conducted to determine a secondary role for 12R-lipoxygenase in epidermal differentiation and 
allow the production of fully functioning skin at a quicker rate. An attempt to drive primary cell differentiation 
was performed with 12R-lipoxygenase derived lipids.  

Four conditions were implemented where cells were subjected to (i) culture medium, (ii) 9S,10S,13S 
trihydroxy,11-E-octadecanoic acid, (iii) linoleic acid, and (iv) ethanol as the control. Cell differentiation was 
monitored visually via microscopic inspections (10x magnification), and western blotting allowed the analysis 
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of involucrin protein levels expressed in each condition, enabling assessment of progress. With published 
literature, it was hypothesised that the oxidised lipids would have negative effects due various to pathways.  
The lipids displayed a detrimental effect on cell differentiation as limited growth was observed by cells 
subjected to linoleic acid and 9S,10S,13S trihydroxy,11-E-octadecenoic acid in comparison to cells in cell 
culture medium only. No repeats were performed, and one suitable control was not used, thereby making the 
results of the linoleic acid controversial. A definitive conclusion is therefore difficult to reach, and further 
experimentation is required. 

1. Epp N, Fürstenberger G, Müller K, de Juanes S, Leitges M, Hausser I, et al. 12R-lipoxygenase deficiency disrupts epidermal 
barrier function. The Journal of Cell Biology. 2007;177(1):173-82. doi: 10.1083/jcb.200612116 

2. Muñoz-Garcia A, Thomas CP, Keeney DS, Zheng Y, Brash AR. The importance of the lipoxygenase-hepoxilin pathway in the 
mammalian epidermal barrier. BBA - Molecular and Cell Biology of Lipids. 2014;1841(3):401-8. doi: 
10.1016/j.bbalip.2013.08.020  

3. Krieg P, Fürstenberger G. The role of lipoxygenases in epidermis. BBA - Molecular and Cell Biology of Lipids. 
2014;1841(3):390-400. doi: 10.1016/j.bbalip.2013.08.005 

4. Epp N, Fürstenberger G, Müller K, de Juanes S, Leitges M, Hausser I, et al. 12R-lipoxygenase deficiency disrupts epidermal 
barrier function. The Journal of Cell Biology. 2007;177(1):173-82. doi: 10.1083/jcb.200612116 
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The Yellow Card Scheme is based within the Medicines and Health Products Regulatory Agency (MHRA) and 
underpins pharmacovigilance within the UK. Yellow cards (YC’s) should be submitted for certain adverse drug 
reactions (ADRs) so that the MHRA can get a better understanding of the safety of medicines/ medical 
devices.1 The aim of this research is to gain a better understanding of how Medicines Information Databank 
(MIDatabank) is being utilised/ not utilised in the reporting of ADRs through the submission of yellow cards. 
There aren’t any available figures for how many reports are/ could be made through MIDatabank specifically. 
This would be useful information for Medicines Information (MI) centres and the MHRA as it is arguably one 
of the most accessible routes of yellow card reporting available to Medicines Information/ Hospital pharmacists. 

A secondary data set of all ADR enquiries was collected from the financial years April17-March18 and April18-
March19 via a filtered search of MIDatabank (the software used to answer are archive medicines information 
enquires.) This secondary data was then analysed in comparative tables and line graphs. Following School 
Ethics approval, focus groups with MI staff were used to understand perceptions of their role in relation to ADR 
reporting and their perceived barriers and facilitators to reporting. Groups were audio recorded, transcribed 
and thematically analysed. 

In April 2017-March 2018, 110/226 enquiries were correctly categorised as ADRs; in April 2018-March 2019 
there were 85/225 correctly categorised. In 2017-2018 57.3% of the ADR enquires taken were being reportable 
and in 2018-2019 68.2% of the ADR enquires taken were being reportable. In 2017-2018 39.6% of reportable 
ADRs had a yellow card sent through MIDatabank, in 2018-2019 this figure was lower again at 22.4%. The 
focus groups show the lack of reporting found most likely stemmed from the multiple perceived barriers such 
as; lack of understanding in how and when to report/ lack of time to send reports/ perceived discrepancies of 
the ADR reporting page. There were more perceived barriers than facilitators to reporting and many potential 
changes suggested to both the MIDatabank software and the training for reporting ADRs that are currently in 
place.  

From the results there is significant underreporting of yellow cards through the MIDatabank. It has become 
clear that there is no single reason for this, it seems it is a culmination of different perceived barriers that stop 
the MI staff reporting yellow cards but there is a vast potential for improving these reporting rates with relevant 
changes to current systems. 

1. Yellow Card Scheme. About Yellow Cards: Medicines and Health Products Regulatory Agency; [Available from: 
https://yellowcard.mhra.gov.uk/the-yellow-card-scheme/.] 
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Investigating novel phosphorylation sites in zinc transporter ZIP7. 

Josephine Nein Hui Wong and KM Taylor 
School of Pharmacy and Pharmaceutical Sciences, Cardiff University, Redwood Building, King Edward VII Avenue, 

Cardiff, CF10 3NB, Wales, UK 

Zinc is essential for living cells, and cellular zinc levels are controlled by two families of zinc transporters. The 
focus is on the SLC39A family of zinc importers, especially ZIP7, which is uniquely placed on the endoplasmic 
reticulum and releases zinc from stores.1 It is known that ZIP7 requires phosphorylation on S275 and S276 in 
order to open the zinc channel gate and release zinc from stores2, driving several crucial signalling pathways 
in cells such as AKT and MAPK.3 However, ZIP7 is also predicted to be phosphorylated on residue S293 and 
T294, yet the role of these residues is currently unclear. Throughout this research, these residues will be tested 
to discover the role they play in the downstream signalling pathways and whether they are potentially a new 
target in cancer.2,4 

Through genetic manipulation, MCF-7 cells were transfected with wild-type, S275A/S276A, S293A and T294A 
ZIP7 constructs. Furthermore, samples were treated with and without zinc for 10 minutes to examine the effect 
of mutants on the activation of known zinc signalling pathways. These samples were used to probed phospho-
kinase arrays and the result allowed selection of four potential kinases for further testing by western blot.  

The results of the study have identified that a number of kinases that showed increased phosphorylation when 
ZIP7 was stimulated. Unfortunately, some previous activation data was not able to be confirmed in this study 
indicating more research is required. Furthermore, activation of CREB by different ZIP7 mutants provided 
conflicting data which did not agree with previous data.3 

Currently this method of western blot and phosphokinase arrays is an efficient way to detect active protein 
kinases are activated by ZIP7-mediated zinc release. In this study, some kinases were indicated to play a role 
in ZIP7 activation but more work needs to be done in order to know more about the S293 and T294 
phosphorylation sites. 

1. Taylor KM, Nicholson RI. The LZT proteins; the LIV-1 subfamily of zinc transporters. Biochim Biophys Acta. 2003;1611(1-
2):16-30. 

2. Taylor KM, Hiscox S, Nicholson RI, Hogstrand C, Kille P. Protein kinase CK2 triggers cytosolic zinc signaling pathways by 
phosphorylation of zinc channel ZIP7. Sci Signal. 2012;5(210):ra11. 

3. Nimmanon T, Ziliotto S, Morris S, Flanagan L, Taylor KM. Phosphorylation of zinc channel ZIP7 drives MAPK, PI3K and 
mTOR growth and proliferation signalling. Metallomics. 2017;9(5):471-81. 

4. Taylor KM, Vichova P, Jordan N, Hiscox S, Hendley R, Nicholson RI. ZIP7-mediated intracellular zinc transport contributes to 
aberrant growth factor signaling in antihormone-resistant breast cancer Cells. Endocrinology. 2008;149(10):4912-20. 

 

 

Investigating the role of ZIP7 on kinase signalling pathways 

Shing Wu and KM Taylor 
School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  CF10 3NB, 

Wales UK 

Zinc is a crucial trace element required for the normal functioning of cells.1 Zinc homeostasis is attained 
through two families of zinc transporters, ZIP and ZnT, due to zinc’s inability to passively diffuse through 
cell membranes.2 Disruption of normal zinc levels are implicated in diseases such as immunodeficiency.3 
A member of the ZIP family, ZIP7, has been discovered to be mutated in two children with poor immunity.4 
The aim of this study was to determine whether these mutants (P190A and E363K) were defective at 
transporting zinc, the extent of their potentially impaired functionality and the implications this could have 
on downstream kinase signalling pathways mediated by ZIP7 zinc release. 
MCF-7 cells were cultured and transfected with recombinant wild-type ZIP7, S275A/S276A (null mutant 
control), P190A and E363K ZIP7 mutants before being treated with exogenous zinc. Human phospho-
kinase arrays were performed and their results analysed through densitometry. A heat-map and graph of 
these results were generated, and four phospho-kinases were selected for further investigation through 
Western Blot analysis.  

Phosphorylation results of a number of kinases were inconclusive due to variable Western Blot triplicate 
data unable to repeat the array results except for pS82HSP27 which was partially activated in zinc-treated 
P190A transfected cells and not in the E363K-mutant transfected cells, confirming the hypothesis that 
P190A can still transport zinc whilst E363K cannot. 
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P190A is theorised to either inhibit upstream NFκB molecules involved in B-cell production or veer 
towards activation of downstream pS82HSP27 accountable for apoptosis, whereas E363K repels zinc 
resulting in no stimulation of downstream kinases that grow B-cells, explaining the children’s 
immunodeficiency. However, further research is required to confirm the roles of P190A and E363K via 
additional replicates of the original experiment, NFκB arrays being performed, B-cells being used as the 
cells for investigation, different kinases being tested, and shorter zinc treatment times used. 

1. Taylor KM, Hiscox S, Nicholson RI, Hogstrand C, Kille P. Protein kinase CK2 triggers cytosolic zinc signaling pathways by 
phosphorylation of zinc channel ZIP7. Sci Signal. 2012;5(210):ra11-ra11 

2. Jeong J, Eide DJ. The SLC39 family of zinc transporters. Molecular Aspects of Medicine. 2013;34(2):612-619. 
3. Ziliotto S, Gee JMW, Ellis IO, et al. Activated zinc transporter ZIP7 as an indicator of anti-hormone resistance in breast 

cancer. Metallomics. 2019;11(9):1579-1592 
4. Anzilotti C, Swan DJ, Boisson B, et al. An essential role for the Zn(2+) transporter ZIP7 in B cell development. Nat Immunol. 

2019;20(3):350-361 
 

 

Design of PROTACs targeting the HIV Reverse Transcriptase as novel treatments of 
HIV 

Li Wen Yap and Y Mehellou 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales UK 

The ubiquitin-proteasome system degrades proteins by proteasomes through a series of steps. Ubiquitin and 
E3 ligase enzymes being the key components in this process. PROTAC approach is able to induce 
ubiquitination and lead to the degradation of protein by hijacking the pathway. PROTAC molecules are 
bifunctional molecules that have structures of both the E3 ubiquitin ligase enzyme recruiting molecules and 
the ligand that binds the target protein.1 The objective of this study is to design PROTAC analogues that target 
HIV reverse transcriptase by using anti-HIV non-nucleoside reverse transcriptase inhibitors (NNRTIs) to 
degrade the disease protein and disrupt the HIV cycle. HIV is a potentially life-threatening condition that has 
no total cure to the disease so far.2 Designed PROTACs will hopefully change the current status of the related 
drug development field. 

Literature searches are conducted and relevant data was collected and analysed to help in the design and 
synthesis of the PROTACs. Various tools such as ChemDraw, Protein Data Bank and SwissADME are used 
to come up with the structures of the PROTACs. 

PROTAC analogues are designed and the structures are clearly shown. Chemical properties of PROTACs are 
evaluated. PROTACs with good properties are chosen to be synthesized and steps of synthesis are shown 
clearly in the work. Results are justified and supported with findings. 

Careful consideration is given to develop the PROTAC structures. Each component of the PROTACs are 
determined based on the findings and supported by researches. Von Hippel-Lindau (VHL) was chosen as the 
targeted E3 ligase enzyme over the Cereblon.3 Two different linkers were used to connect the warheads. 
Binding sites of both the VHL ligand and the NNRTIs are determined by evaluating the respective co-crystal 
structures.  

1. Collins I, Wang H, Caldwell JJ, Chopra R. Chemical approaches to targeted protein degradation through modulation of the 
ubiquitin-proteasome pathway. Biochem J. 2017;474(7):1127-47. 

2. Mehellou Y, De Clercq E. Twenty-six years of anti-HIV drug discovery: where do we stand and where do we go? J Med 
Chem. 2010;53(2):521-38 

3. Girardini M, Maniaci C, Hughes SJ, Testa A, Ciulli A. Cereblon versus VHL: Hijacking E3 ligases against each other using 
PROTACs. Bioorg Med Chem. 2019;27(12):2466-79. 

 

 
Evaluation of a Community Pharmacy-based Asthma Care Plan 

Aqra Zafar, R Lewis, Z Jama, S Rai and WR Ford 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 

 

In the UK, around 5.4 million people are currently receiving treatment for asthma.1  Despite asthma 
medication’s clinical effectiveness, there are 185 hospital admissions because of asthma exacerbations every 
day in the UK.2   In 2018, more than 1400 adults and children died from asthma attacks.3 Poor inhaler technique 
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and low-adherence contributes to poorly-controlled asthma. The current study aimed at uncontrolled asthma 
and its connection to incorrect inhaler technique and poor adherence. 

Fifty-five patients were recruited in six different community pharmacies within South Wales via convenience 
sampling. Validated ACT survey was used to measure asthma control, validated TAI survey measured 
adherence and vitalograph AIMTM device assessed patient’s inhaler technique using placebo pMDI, DPI and 
MDI with spacers. The Kruskal-Wallis H and Mann-Whitney U tests were used to analyse statistical 
significance between the variables, where significance was set at p<0.05.  

67% of the respondents reported uncontrolled asthma. 51% of the respondents indicated failed technique 
irrespective of inhaler type used. 62% of patients reported non-adherence. Poor asthma control was not related 
to poor inhaler technique or poor adherence. A significant difference between MDIs and failed technique was 
found (p<0.05).  Significant difference between higher education and asthma control was found. Significant 
difference between patients not holding breath and MDIs was found.  

Overall, asthma control, inhaler technique and adherence was relatively poor. All of these can be improved 
with better interventions such as; more frequent clinical follow-ups, educating patients on the importance of 
their disease and treatment.  

1. Asthma UK | Homepage. London: Asthma UK. 2020. [accessed 16 Jan 2020] Available from: https://www.asthma.org.uk 
2. Pharmaceutical Services Negotiating. Committee essential facts, stats and quotes relating to asthma. PSNC Main site. 2020. 

[accessed 16 Jan 2020] Available from: https://psnc.org.uk/services-commissioning/essential-facts-stats-and-quotes-relating-
to-asthma/ 

3. Dharmage SC, Perret J, Custovic A. Epidemiology of asthma in children and adults. frontiers in pediatrics. 2019;7 doi: 
10.3389/fped.2019.00246 
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The traditional and non-traditional pathways of Protein C activation  
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A numerical approach to investigate adhesion between dental biomaterials and 
relevant bacteria 

Kwok Hay (Harvey) Cheng and P Prokopovich 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 
 

Exploring pharmacists’ views on the Sore Throat Test and Treat service via the 
Choose Pharmacy platform in Wales 

Aylar Fatima Dallali and EM Mantzourani 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 
 

Bioprinting 3D skin models for biology and pathology investigation – 
biocompatibility of a novel bio-inks 

Ll.M. Evans, A Moukachar and CP Thomas 

Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
3NB, Wales UK 
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WHAT HAS PHAGE DISPLAY CONTRIBUTED TO THE MEDICAL WORLD? 

Elizabeth Fullwood and AT Jones 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 
 

The Development and Manufacture of Loperamide Oral Suspensions 

Ali Hamad and JC Birchall 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 
 

Characterisation of novel microneedle electrodes for electrocardiogram 
measurements  

Rachel Clare Lewis, E Baczkowski and JC Birchall 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 3NB, 

Wales, UK 
 

Role of Adhesion in Biofilm process of Wound healing 

Lulu Lok and P Prokopovich 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff 

CF10 3NB, Wales UK 
  

Development of a long-acting contraceptive patch 

Rachel McKee, A Al Dalaty and JC Birchall 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales UK 
 

Formulation and evaluation of topical formulations for the treatment of neuropathic 
pain conditions 

Charlotte M Phillips 1, S Hiom2 and JC Birchall1 
1 Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff, CF10 

3NB, Wales, UK. 2 St Marys Pharmaceutical Unit, Cardiff and Vale University Health Board, 20 Field Way, Cardiff, CF14 
4HY, Wales, UK. 

 

Is Herceptin Resistance an Endocytosis Problem?  

Molly Smith and AT Jones 
 Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 
 

Factor H Enhances Fibrin Clot Generation Independent of von Willebrand Factor 

J Taylor and M Heurich-Sevcenco 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK 
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Role of adhesion in the wound healing process. 
 

Harry Warner and P Prokopovich 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff  

CF10 3NB, Wales UK 

 

 
 

Using a numerical approach to investigate adhesion between orthopaedic 
biomaterials and bacteria: How do material properties influence adhesion? 

Phoebe Waters and P Prokopovich 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff 

CF10 3NB, Wales UK 
  

The effect of complement factor H on fibrin clot lysis 

Sekratos Woldemichael, G McCluskey, M Huerich 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales, UK
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The rapid detection of drug resistant mycobacteria 

Evans Kwame Ahortor,  A Porch 1, and L Baillie 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 1Cardiff School of Engineering, Cardiff University, Queen’s Buildings, 14-17 The Parade, Cardiff CF24 
3AA, Wales U.K. 

Mycobacterium abscessus is a multidrug resistant pathogen commonly isolated from patients with cystic 
fibrosis. Currently, there is no rapid diagnostic tool to detect the presence of M. abscessus. Rapid diagnosis 
followed by appropriate, prompt treatment remains the best curative approach to mitigate disease burden and 
halt transmission. A major bottle neck in developing a rapid diagnostic assay is DNA extraction. Mycobacterial 
cells are very difficult to lyse, the existing methods are time consuming resulting in long turnaround time to 
detect the pathogen. This study employed the use of microwave energy to rapidly release nucleic acids from 
microorganisms and test the ability to detect the released nucleic acids in a magnetic-bead-based sandwich 
hybridisation assay using specific DNA probes. Based on published genome sequences, probes targeting the 
rpoB and erm-41 genes of M. abscessus and M. smegmatis were designed. In a magnetic-bead-based 
sandwich hybridisation assay using these specific probes, M. abscessus and M. smegmatis were distinguished 
from non-specific isolates within 70 mins with a lower detection limit of 1 pg/μL. The disruptive effects of 
microwaves on biological structures has been attributed to the local generation of heat. The contribution, if 
any, of non-thermal factors is yet to be determined. To study the interaction of microwaves with cell 
membranes, the structure which represents the major barrier to DNA release, fluorescent microscopy was 
employed to examine the passage of different sized fluorescent dextran particles into bacterial and yeast cells 
following microwave exposure. The results show a transient membrane disruption, size dependent 
permeabilization of dextran particles into cells. In conclusion, a prototype hybridisation assay capable of 
detecting M. abscessus and M. smegmatis has been developed. The application of microwaves to cells 
induced membrane disruption allowing internalisation of varying sizes of fluorescent dextran particles and the 
release of intact DNA for detection in hybridisation assay.  

 

 
 

Medicines management in care homes 

Fadya Al-Hamadani and M Smith 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

There is an increasing demand on health and social care to provide high quality care to older adults in the UK 
as the population of this vulnerable group grows. These services should meet the needs of individuals who 
can have a range of acute and chronic conditions. The capacity for NHS services to meet these demands is 
limited and therefore care homes provide accommodation and health services to meet this unmet need. In the 
lay press, there have been concerns regarding medication management in care homes and there is evidence 
in the literature that this process is sub-optimal. The aim of this thesis therefore was to explore medicines 
management in care homes focusing on the areas of prescribing, administration and medicines waste. A 
retrospective analysis of anonymised medication administration records (MAR charts) and an audit of 
medicines waste was employed to achieve this aim. The analysis revealed that a significant number of 
residents (84%) were exposed to polypharmacy, potentially inappropriate medications (87%), anticholinergic 
burden (5% with an AEC score Ñ 5), and a significant number of administration errors (6 administration errors 
per resident per week). The study also demonstrated a significant volume of wasted medicines in care homes. 
As a consequence of these issues residents in care homes are potentially exposed to practices that may lead 
to harm and will likely increase the demand on health and social care resources. Careful consideration of 
prescribing practices is needed to reduce medicines burden and efforts should be made to embed a 
multidisciplinary approach to the care residents. In conclusion, further study of the clinical consequences of 
prescribing and medication errors in care homes should be explored as a matter of urgency and efforts should 
be made to maximise the therapeutic benefits of medications and reduce the cost of wasted medicines. 
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Controlled delivery of antimicrobial and anti-inflammatory agents from un-cemented 
prosthesis  

Hadil Faris Al-Otaibi and P Prokopovich 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

The prevalence of joint replacement procedures has increased by more than 119% in the last decade and as 
a result the demand for a prosthesis is very likely to increase. Uncemented prosthesis is the first-choice 
treatment option for patients under 68, due to its long-term and more stable fixation. The two major limitations 
that lead to the failure of joint replacement surgery are a prosthetic joint infection and aseptic loosening. To 
counter these limitations this study aimed to develop a novel composite system with dual functionality for 
prophylaxis from postsurgical inflammation and infection. The system is versatile safe to use in in-vitro. 

 

Combining fusidic acid with metal ions as a potential reformulation for the treatment 
of bacterial keratitis  

Hannah Marie Boostrom, L Baillie, and C Heard 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

Fusidic acid is a protein synthesis inhibitor commonly used to treat Gram-positive infections caused by 
pathogens such as Staphylococcus aureus. Gram-negative bacteria are intrinsically resistant due to their low 
permeability outer membrane and efflux pumps. UK optometrists are licenced to prescribe fusidic acid for the 
treatment of bacterial eye infections. However, 45 % cases of bacterial keratitis – a severe, sight-threatening 
corneal infection – are caused by Gram-negative organisms. As some metal ions have been found to enhance 
the activity and extend the spectrum of established antimicrobial drugs, this work sought to investigate the 
efficacy of combining metal ions with fusidic acid as a potential reformulation strategy to repurpose fusidic acid 
as a broad spectrum, first line treatment for bacterial keratitis. The presence of Al3+, Cu2+ or Fe2+ ions was 
found to increase the activity of the fusidic acid sodium salt, sodium fusidate, against a selection of multi-drug 
resistant Gram-negative Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa isolates, 
without reducing anti-S. aureus efficacy. P. aeruginosa was particularly susceptible to sodium fusidate with 
Al3+. There was no apparent link between the carriage of multi-drug resistance determinants and susceptibility 
to the combinations. With no evidence of spontaneous complexation, the mechanism of action against E. coli 
was determined to be reduced fusidate solubility enabling increased membrane access combined with the 
independent antimicrobial activity of metal ions. Proliferation of human corneal epithelial cells was less 
inhibited by Al3+, Cu2+ or Fe2+ than the Gram-negative reference strains, suggesting clinical selectivity. 
Unfortunately, the combinations were inactive against Gram-negatives in a novel rationalised simulated tear 
fluid, likely due to protein binding of both agents. However, future formulation optimisation may overcome this 
issue. Finally, the discovery of Al3+ and sodium fusidate activity against P. aeruginosa has prompted further 
research into the combined mechanism of action in this important opportunistic pathogen. 

 

Elucidating the regulation of SPAK and OSR1 kinases by ubiquitylation  

Binar Asrining Dhiani and Y Mehellou 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

The WNK-SPAK/OSR1 signalling pathway is a master regulator of ion homeostasis. The WNK kinases, whose 
mutations cause an inherited form of hypertension, activate SPAK and OSR1 kinases via phosphorylation. 
Upon phosphorylation by WNK kinases, SPAK and OSR1 kinases, consequently, phosphorylate an array of 
sodium, potassium and chloride ion co-transporters leading to either their activation or inhibition. WNK kinases 
phosphorylate SPAK and OSR1 kinases on their N-terminal threonine-rich region (termed the T-loop) as well 
as their serine-rich region (termed the S-motif). Although T-loop phosphorylation of SPAK and OSR1 kinases 
is known to activate these kinases, the function of their S-motif phosphorylation remains unclear. This project 
was aimed to unravel the function of SPAK and OSR1 S-motif phosphorylation by WNK kinases. Using peptide 
pull-down assays that employed SPAK and OSR1 peptide sequences derived from their S-motifs, followed by 
mass spectrophotometry analysis, the E3 ubiquitin ligases Cullin 4A and 4B (CUL 4A and B) were identified 
as novel binders of SPAK and OSR1 S-motif. Additionally, the adaptor protein DDB1, which is known to form 
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a complex with CUL4A/B, was also identified along with two other proteins known as WDR3 and WDR6. This 
binding of these proteins to SPAK and OSR1 kinases was subsequently verified using pull-down assays of 
overexpressed proteins in cells as well as immunoprecipitation of the endogenous proteins and followed by 
Western blotting. The results showed that these proteins bind SPAK and OSR1 kinases when 
unphosphorylated on their S-motif, while phosphorylation on these sites by WNK-kinases compromises the 
binding. Given that CUL4A/B E3 ubiquitin ligases ubiquitylate their protein substrates, overexpressed SPAK 
and OSR1 kinases, along with the proteasome inhibitor, MG132, and the neddylation inhibitor MLN4924 were 
used to investigate whether SPAK and OSR1 kinases are ubiquitylated by the CUL4A/B-DDB1-WDR3/6 
complex. The results indicated that SPAK and OSR1 are constitutively ubiquitylated under resting conditions, 
whereas under osmotic stress when SPAK and OSR1 kinases are phosphorylated by WNK kinases, the 
ubiquitylation of these proteins is significantly reduced. Together, the data presented in this work represents 
the first example of an E3 ubiquitin ligase system that binds SPAK and OSR1 kinases. Critically, it provides a 
new molecular insight that links the CUL4A/B-mediated protein ubiquitylation to ion homeostasis and the 
regulation of blood pressure through SPAK and OSR1 kinases. 

 

Assessment of Ionic Liquids for disinfection of healthcare surfaces  

Melissa Fallon, J-Y Maillard, and I Fallis 1 
School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 3NB, 

Wales U.K. 1School of Chemistry, Cardiff University, Main Building, Park Place, Cardiff, CF10 3AA, Wales U.K. 

Surface disinfection for the prevention of healthcare associated infections (HCAI) is well recognised. Ionic 
liquids (ILs) possess antimicrobial activities that could make their inclusion into disinfectant products beneficial 
for the control of HCAI. ILs were tested against microorganisms under conditions that affect antimicrobial 
activity concentration, contact time, organic soiling, and were compared to the commonly used cationic 
biocides benzalkonium chloride (BZC) and chlorhexidine gluconate (CHX). ILs had potent antimicrobial activity 
in the presence of organic soiling at a short contact time. At equivalent concentrations, BZC and CHX were 
not as effective at reducing viability of bacteria and the type of organism and organic soiling hindered the 
activity. The main factor that affected the antimicrobial activity of formulations was dilution. ILs were unable to 
inactivate Bacillus subtilis spores but were sporicidal when combined with hydrogen peroxide. Cellular targets 
of ILs were investigated by potassium leakage from the cell and the uptake of DNA binding dyes. Significant 
release of potassium from the cell and uptake of dyes into the cell suggested membrane damage was caused 
by ILs. The ultrastructure of bacteria was assessed by scanning electron microscopy (SEM) and atomic force 
microscopy (AFM). Visually, cells lost structural integrity in a dose-dependent manner. Analysis by AFM shown 
development of valleys in the structure of Staphylococcus epidermidis. B. subtilis spore mutants lacking 
protective DNA proteins and spore coat were tested against ILs to assess any interaction of the formulations 
with intracellular biomolecules. There was no reduction in spore numbers indicating that intracellular 
components are not targets. Finally, IL formulations were combined with wipe material to assess if antimicrobial 
activity would translate into a product. As a wet wipe the formulations reduced bacteria without transferring to 
subsequent surfaces and were more efficacious than commercial wipes. A spill wipe was also developed and 
was more effective than commercial spill wipes. Formulations were cytotoxic against skin cells in vitro. Overall, 
ILs displayed greater antimicrobial activity against vegetative bacteria, than BZC and CHX. The proposed 
mechanism of action is through membrane damage of the cell and as wipe products the ILs were more 
efficacious than commercial products. 

 

Impact of commonly used antimicrobial biocides on resistance and cross-
resistance in carbapenemase-producing Enterobacteriaceae.  

Hélène Sandra Sophie Herault, J-Y Maillard, M Sutton 1, K Hopkins 2, N Woodford 2 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 1Public Health England, National Infection Service, Porton Down, Salisbury, Wiltshire, SP4 0JG, UK. 
2HCAI & AMR Division, National Infection Service, Public Health England, London NW9 5EQ 

Infections due to multi-drug resistant organisms (MDROs) are a major concern worldwide. With very few new 
antibiotics on the market, infection prevention and control measures, including the use of biocides, are 
paramount to limit the spread of MDROs. Little is known about the impact of biocide overuse and the selective 
pressure they exert on adaptive mechanisms (co-selection) within bacteria. This study evaluated the effects 
of biocides commonly used in the UK on antibiotic susceptibility and on the mechanisms they might trigger 
within carbapenemase-producing Enterobacteriaceae (CPE). The minimum inhibitory concentrations (MICs) 
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of a wide range of antibiotics and four biocides (benzalkonium chloride, chlorhexidine digluconate [CHX], 
copper sulphate and silver nitrate) were determined for multi-drug resistant, carbapenemase-producing 
Escherichia coli and Klebsiella pneumoniae isolates collected from UK hospitals. Regarding biocides, MICs 
were found to be much lower than in-use concentrations found in most commercial products (e.g. CHX MICs: 
0.5-16 μg/mL; CHX concentration in a skin decontamination product: 40,000 μg/mL). Correlation were detected 
between antibiotic and biocide MICs, especially between CHX and carbapenems, cephalosporins, 
ciprofloxacin and tetracycline in K. pneumoniae. Exposure to CHX for 50 strains led to increased lag phase 
duration and changes in growth rate. Addition of efflux-pump inhibitor reduced the CHX MICs. These findings 
seemed to indicate the involvement of efflux in reduced susceptibility to CHX and antibiotics. Overexpression 
of efflux-related genes (acrB, extruding a wide range of antibiotics; smvA, for cationic compounds) was 
observed following exposure to sub-MIC CHX concentrations for two K. pneumoniae isolates. However, the 
molecular changes did not necessarily translate at the phenotypical level, with unchanged susceptibility 
towards CHX and several antibiotics. This work highlighted the involvement of efflux pumps following CHX 
exposure in CPE; while it did not result in reduced susceptibility to antimicrobials, precautions should still be 
taken, considering the extensive use of biocides. 

 

 
The stability of new generation intravenous lipid emulsions 

Helen Mary King, AG Cosslett, and CP Thomas 
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Intravenous lipid emulsions (IVLE’s) form a staple part of parenteral nutrition (PN). PN provides life sustaining 
support where gastrointestinal nutrition is inadequate due to disease or prematurity. Whilst the physical stability 
of IVLE’s is relatively well known and quantified, chemical stability is an area where little testing has occurred. 
Lipids are susceptible to breakdown through free radical attack leading to lipid peroxidation, a cyclical process 
resulting in the production of primary and secondary toxic lipid peroxidation products. This thesis presents the 
development and validation of a method for measurement of peroxidation and triglyceride (TAG) breakdown 
occurring within two intravenous lipid emulsions. The high-performance liquid chromatography (HPLC) method 
developed uses in-line ultra-violet (UV) and charged aerosol detection (CAD) to monitor the six main TAGs in 
Intralipid® emulsion and 10 TAGs in SMOFlipid® and detects the toxic secondary peroxidation products 4-
Hydroxynonenal (HNE) and Hydroxyundecenal (HUE). The assay was validated in line and employed to test 
the chemical stability the established lipid emulsion (Intralipid®) and a newer lipid emulsion (SMOFlipid®). 
Both lipids were subject to up to 84 days storage within 50 ml syringes, 250 ml PN bags and 50 ml glass vials 
at room and fridge temperatures. The effect of light exposure was tested using light protected and non-light 
protected samples of each lipid. Results within each chapter detail the extensive levels of TAG losses observed 
within each container and the detection of secondary peroxidation products. Fridge temperature limited TAG 
loss and peroxidation in all containers, however secondary peroxidation products were detected. Both 
SMOFlipid® and Intralipid® gave in excess of 30 % losses in TAGs over 84 days storage. HNE, HUE and a 
triglyceride remnant were all recorded in SMOFlipid® and Intralipid® syringes (both temperatures) and small 
volume PN bags at room temperature. Light protection within this study showed no significant difference vs 
non-light protection. The results obtained from the work within this thesis are of vital importance when 
considering the safety of lipid emulsions for intravenous nutrition. This work provides an initial data set on the 
levels of peroxidation occurring within two commercially available in-use lipid emulsions and highlights the 
necessity for the stability and storage limits of these emulsions to be re-assessed. 

 

Identification of novel anti-RSV and antienterovirus inhibitors by computer-aided 
drug design 

Roberto Manganaro and A Brancale 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

Respiratory Syncytial Virus (RSV), which is the principal etiological cause of LRTIs (Low Respiratory Tract 
Infections) worldwide, and the virus members of the enterovirus genus, causing a wide range of diseases, 
ranging from enteric or respiratory infections to handfoot- and-mouth disease and acute flaccid paralysis, are 
associated with severe treats for public health. Currently, there are no effective small-molecule antiviral on the 
market for the treatment or prevention of these viral infections. In the first part of the project about RSV, the N 
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and F proteins were chosen as targets for the identification of new anti-RSV agents. On the RSV N protein, 
different computer-aided techniques were used for structure-based virtual screenings, of commercially 
available drug-like compounds. The two most potent hits were chosen as a starting point for further 
investigations. A series of analogues were synthesised and evaluated for anti-RSV activity in a virus-cell-based 
assay. Computer-aided techniques were also used for the rational -helix mimics, able to inhibit the protein-
protein interactions between the trimeric inner coiled- -helixes of the F protein. The most promising compound 
and a series of analogues were synthesised and evaluated for their anti-RSV activities in a virus-cell-based 
assay. For the second part of the project on enterovirus, the highly conserved 2C protein among the enterovirus 
species was investigated. Starting from fluoxetine, which has been identified to inhibit viral replication by 
targeting 2C protein, and the new resolved EVA 71 2C crystal structure was used to investigate and to elucidate 
the binding mechanism of fluoxetine, using molecular modelling methodologies. The gained data were used 
to design, synthesise and evaluate new antiviral agents. Also, different molecular modelling techniques were 
used to perform a virtual screening in order to identify new potential inhibitors of the ATPase pocket of the 2C 
protein. 

 

 
Caveolin-1: a mediator of Glioblastoma cell invasion and an independent negative 

biomarker of Glioblastoma patient survival. 

Chiara Moriconi, G Pilkington 1, and M Gumbleton 
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3NB, Wales U.K. 1School of Pharmacy & Biomedical Sciences, University of Portsmouth, White Swan Road, St. 

Michael's Building, PO1 2DT, Portsmouth, U.K. 

Glioblastoma multiforme (GBM) is a malignant and highly aggressive form of brain tumour, with extremely poor 
prognosis. One of its features is the ability of the tumour to invade through normal brain resulting in tumour 
relapse. Our hypothesis was that Caveolin-1 (Cav-1), a major component of the caveolae and recognized to 
be involved in a number of signalling pathways, has a key pro-invasive role in GBM. We pursued our 
hypothesis by inhibiting the expression of Cav-1 in different adult GBM cell lines using different genetic 
techniques (liposome shRNA, lentiviral shRNA and CRISPR). We found that Cav-1 drives clonogenicity 
(CHAPTER 3) and invasion in a combination of two- and three-dimensional models (CHAPTER 5). We focused 
our research on the invasion phenomenon and, in order to provide a robust quantification approach to study 
invasion in 3D spheroid assays, we developed (CHAPTER 4) a open-source semi-automated script, INSIDIA, 
available for all researchers in the community to use. This tool was used to quantify the impact of Cav-1 on 
invasive capacity. In in-vitro systems, we explored the impact of Cav-1 expression upon molecules associated 
with the invasion phenomenon (CHAPTER 5). We found Cav-1 to be associated with CTSB, MMP1 and UPA 
and receptors like UPAR and CD44, as well as AKT activation. Interrogating the “The Cancer Genome Atlas” 
(TCGA) database, we confirmed that Cav-1 is an independent biomarker of poor prognosis in GBM patients 
(CHAPTER 6). This clinical data also found association of genes that may cooperate with Cav-1, including 
CD44, ITGA3, VIM, CTSB, CTSL, TSP-1, TIMP1 and MT1MMP. Collectively this thesis provides strong in vitro 
and clinical data supporting that Cav-1 as a key molecule promoting GBM invasion, and further identifying 
Cav-1 as a potential drug discovery target in GBM. 

 

Molecular mechanism of highly potent NS5A inhibitors 

Elizabeth Melissa Navarro Garcia and A Brancale 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

Hepatitis C is responsible for causing chronic infections in over 170 million people all over the world who are 
at a risk of developing into liver cirrhosis and hepatocellular carcinoma, locating HCV in a major public health 
burden. Until recently, the standard-of care treatment consisted of Interferon-alpha and ribavirin, in addition to 
non-structural protein 3/4 (NS3) protease inhibitors, but due to the undesired side-effects, researchers 
developed more efficient therapies. Nowadays, small molecules targeting non-structural viral proteins: NS3/4 
protease, NS5A D1 and NS5B polymerase activities can clear the infection in 98% of the cases. These direct 
acting antivirals (DAAs) are widely used, however, despite advances in recently approved potent DAAs the 
world-wide application of these therapies remains limited due to the expensive cost and potential drug 
resistance. NS5A is a nonstructural multifunctional protein. Mainly composed by an amphipatic helix, which is 
the major membrane anchor, Domain I, which is involved in RNA binding and assembly, and Domain II and III 
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which are intrinsically unfolded domains and are known to interact with host factors. DAA targeting NS5A DI, 
Daclatasvir (DCV), has a picomolar range activity and it is used in combination therapy to combat HCV 
infection. Given the enormous medical relevance of NS5A inhibitors, the aim of this study was to decipher the 
mode of action of Daclatasvir, together with more insights to the role of NS5A structural elements. In the 
present study, experiments showed that DCV can block the envelopment of viral particles. Furthermore, 
targeting the assembly of HCV particles, this fact serve as evidence of the dual mode of action of DCV. 
Furthermore, we investigated the role of very conserved Proline residues in the structure of NS5A, identifying 
key Proline residues which are critically involved in RNA replication, and have an impact in HCV infection. This 
fact, also suggests that the some of these Prolines might be essential for the DCV binding, as we prove that 
they have a direct role in keeping the binding site of DCV. Lastly, we set up a molecular model which includes 
the intracellular membrane giving the full picture of how DCV works in the context of an intracellular membrane 
and its important interactions. Together our data, prove the dual mode of action of DCV targeting HCV 
replication and assembly. And importantly, we constructed a molecular model that can be use in the future to 
study structure-function of developing NS5A inhibitors. 

 

Targeting zinc signalling to prevent cell division in cancer 

Olivia Ogle and KM Taylor 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
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Zinc is the second most abundant trace element in the human body and several disease states have been 
attributed to zinc dysregulation. Recent evidence has shown that zinc is a second messenger with roles in a 
diverse range of cellular signalling pathways. Of particular interest, is the discovery that cells require zinc to 
enter mitosis (cell division) and that several zinc transporter proteins have increased expression in cancer, a 
disease of uncontrolled cell division. Furthermore, post-translational modification has been shown to play a 
role in ZIP transporter activity. Understanding ZIP transporter regulation in cell division is key to revealing the 
mechanisms of zinc signalling in cancer. A combination of molecular and cell biological techniques have been 
used in this project to understand the role of ZIP transporter post-translational modification in cell division and 
to characterise novel anti-ZIP antibodies for their potential to stop tumour growth. This project highlighted 
multiple post-translational modifications to ZIP10 which helps us to understand its role in maintaining cellular 
zinc homeostasis. One of these modifications was phosphorylation and numerous potential ZIP10 phospho-
sites were investigated and their relevance to ZIP10 function explained. In addition, novel antibodies against 
ZIP transporters ZIP6 and ZIP10, both of which have been implicated in several cancers, were developed and 
the work presented here demonstrated their ability to prevent cell division in multiple cancer cell lines. This 
project also provided the first indication that ZIP6- and ZIP10-mediated cell division is important for non-
cancerous cells, supporting the evidence that zinc signalling mechanisms are vital to human health; a finding 
that is relevant to the wider field of cellular biology. 

 

Pharmacotherapeutic interventions in Parkinson’s disease: investigating 
prescribing factors and health outcomes 

Khalid Orayj and E Lane 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 
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The current thesis is the first thorough exploration of the epidemiology and pharmacoepidemiology of 
Parkinson’s disease (PD) in Wales. Several factors, including age, sex, and social deprivation status, were 
evaluated that could contribute to specific estimates of prevalence and incidence, and also to patterns of 
prescribing of Parkinson’s medications in newly diagnosed People with Parkinson's disease (PwP). 
Furthermore, as cardiovascular episodes have been identified as a concern and potential risk factor associated 
with levodopa usage in PwP, cardiovascular outcomes in newly diagnosed PwP initiating levodopa therapy 
were estimated at population level. After conducting a thorough systematic literature review, a retrospective 
study of PwP in Wales, aged 40 years or older, identified from the Secure Anonymised Information Linkage 
(SAIL) Databank between January 2000 and December 2016 was employed. During the study, 9,142 newly 
diagnosed PwP who had initiated PD therapy were identified. The analysis revealed that the incidence rate of 
PD did not differ significantly between the year 2000 and the majority of years of the study period (in 2016, the 
incidence rate ratio (IRR) was 1.05 95% CI 0.93–1.18). However, the overall prevalence rate increased 
between 2000 and 2016 (in 2016 the prevalence rate ratio (PRR) was 1.16 95% CI 1.11–1.21). Importantly, 
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the incidence rate of PD was significantly lower in the most socially deprived areas compared to the least 
deprived areas (IRR = 0.82, 95% CI 0.77-0.87). Interestingly, social deprivation also impacted on medication, 
with PwP residing in the least deprived areas being 22.1% less likely to be prescribed levodopa compared to 
those from the most deprived areas (p-value = 0.007). From a safety perspective, although there were no 
statistically significant associations between levodopa monotherapy for up to one year after its initiation and 
increased risk of ischemic heart disease (p=0.561), other cardiovascular events (p=0.233), or all-cause 
mortality (p=0.334), the small sample size warrants further study with a larger population to detect clinically 
important differences in cardiovascular risk. Overall the findings support those of other studies which indicate 
that PD incidence appears stable, but its prevalence is increasing, likely to be due to an ageing population. 
The association with lower prevalence in areas of lower socioeconomic status similarly reflected other findings 
but uniquely identified a change in medication regimens. In concert, these findings are consistent with the 
hypothesis that individuals with lower socioeconomic status may be diagnosed later in their disease (which 
may be due to multiple factors), at which point the prescriber may be more likely to initiate treatment with 
levodopa rather than a MAO-B inhibitor. Given their accessibility, pharmacists could play a role in identify early 
signs and symptoms of PD in socioeconomically deprived areas but other recommendations are also made 
for further exploration of this area. Further research exploring this unwarranted variation in care and how it 
may be addressed is needed. 

 

Photodynamic high-level disinfection for medical surfaces 

Michael Pascoe and J-Y Maillard 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

This project sought to evaluate photosensitisers as feasible alternatives to traditional biocide products for 
disinfecting medical surfaces. Photosensitisers produce damaging reactive oxygen species in the presence of 
light and may be safer than traditional disinfectants. However, their biocidal efficacy has yet to be determined 
using standardised methods and so comparisons with current technology are not possible. After establishing 
the photosensitiser toluidine blue O (TBO) as a lead compound, a biocide formulation was developed which 
exhibited broad spectrum bactericidal activity against a range of bacterial species. In the following chapter, the 
effect of photosensitiser-treatment on target cells was established and was observed to target the bacterial 
cytoplasmic membrane and nucleic acids. Upon testing against a broad spectrum of challenge organisms, the 
formulation was highly biocidal against yeasts, non-enveloped viruses and fast-growing mycobacteria and 
moderately effective against bacterial biofilms. However, its biocidal activity was found lacking against 
Aspergillus conidia, slow-growing mycobacteria and bacterial endospores. Further investigation determined 
that pigments, permeability barriers and DNA protection mechanisms confer resistance to photosensitisation. 
Evaluation of the scalability of photosensitiser-based disinfection determined that photosensitisers boast an 
exceptional ecotoxicological profile and can be produced at a price comparable to other disinfectants. Whilst 
photosensitisers are yet to be registered as an active substance in the European Union, they fulfil the general 
requirements of registration and do not contradict any exclusion criteria. Incorporating photosensitiser-based 
disinfection technology into complex devices such as an automated endoscope reprocessors is feasible, 
though would require complex design considerations which may discourage its use. Overall, these data 
demonstrate that photosensitiser-based biocide formulations are insufficiently effective for high-level 
disinfection of medical surfaces. However, their low production costs and ecotoxicological properties may 
make them suitable for alternative applications. The technology can be readily scaled-up the disinfection of 
commercial food preparation surfaces and so further investigations into alternative uses are recommended. 

 

 
Novel synthetic pathways for the preparation of ProTides as potential therapeutic 

agents  

Elisa Pileggi and F Pertusati 
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The phosphoroamidate (ProTide) approach is a prodrug technology aimed to circumvent metabolic bottlenecks 
in the activation of nucleoside-based drugs and optimise their intracellular delivery. The tremendous 
importance of the ProTide approach is highlighted by the approval of Sofosbuvir (Sovaldi®, HCV infections) 
and tenofovir alafenamide fumarate (TAF, Vemlidy®, HIV and HBV infections). A great deal of success is also 



PhD 

 

65 

demonstrated by many other compounds adopting this technology either in clinical trials or preclinical 
evaluations as antiviral and anticancer agents. Given the great impact of phosphor(n)oamidate nucleoside 
prodrugs in the antiviral arena and beyond, the application of this technology has grown dramatically. Several 
procedures are present in the literature for the preparation of phosphoroamidate prodrugs of nucleosides. 
However, an efficient and inexpensive diastereoselective synthesis to prepare ProTides as single 
diastereoisomers is missing. Additionally, the phosphonoamidate cognate class, one of the most significant 
groups of antiviral drugs, presents many synthetic challenges. Recent literature reported the synthesis of novel 
acyclic nucleoside backbones including the phosphonate derivatives bearing a double bond in the aliphatic 
chain. However, the methodologies described for the preparation of ProTides on alkenyl acyclic nucleosides 
are scarce and inefficient. Beside phosphoroamidates and phosphonoamidates, many difficulties can also be 
encountered in the preparation of modified unnatural nucleosides and related prodrugs. One of them is the 
ProTide of 2’-deoxy-O6-methylguanosine to be tested for mitochondrial DNA depletion syndrome. In this 
context, the research discussed in this thesis is focused on addressing the synthetic problems related to 
unnatural nucleosides and their ProTides. This thesis aims to explore novel methodologies for the preparation 
of both phosphoroamidate and phosphonoamidate prodrugs of biologically relevant nucleosides in order to 
give easy access to novel ProTides to be evaluated for their potential therapeutic activities not only as antiviral 
but also in new therapeutic areas such as glycosylation disorders and lysosomal storage diseases. 

 

Novel drug therapy for mitochondrial optic neuropathy 

Carmine Varricchio, C Heard, M Rozanowska 1, M Votruba 1, A Brancale 
School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 3NB, 

Wales U.K.; 1School of Optometry and Vision Sciences, Cardiff University, Maindy Rd, Cardiff CF24 4HQ, Wales U.K. 

Mitochondrial optic neuropathies (MON) represent an important cause of chronic visual impairment, affecting 
at least 1 in 10,000 individuals in the United Kingdom. Despite the efforts of recent years, the treatment options 
remain limited, with only a few drug candidates and therapeutic approaches, either approved or in 
development. Recently, Idebenone has been investigated as drug therapy in the treatment of Leber’s 
hereditary optic neuropathy (LHON), a rare genetic MON, although evidence for the efficacy of Idebenone is 
limited in the literature. Cytoplasmic NAD(P)H:quinone oxidoreductase 1 (NQO1) and mitochondrial complex 
III were recently identified as the major enzymes involved in Idebenone activity. Based on this mode of action, 
computer-aided techniques were employed to identify potential Idebenone-related small molecules which are 
capable of interacting selectively with both enzymes. A series of quinone compounds were selected and 
evaluated in in vitro assays, and one of them was found to rescue the effects of LHON in cell models at a low 

M concentration. Based on these observations, 50 derivatives were rationally designed and synthesised in 
order to enhance activity, and investigate the structure-activity relationship (SAR) and mode of action of this 
quinone family. Of these, 7 compounds showed improved activity compared to the original hit in the nM range, 
and these were further evaluated in a range of biological assays. The culmination of this study was the 
identification a novel naphthoquinone compound 2-((4-fluoro-3-(trifluoromethyl)phenyl)amino)-3-
(methylthio)naphthalene-1,3,-dione (92) which demonstrated significantly greater potency in the ex-vivo 
assays, in addition to lower cytotoxicity, compared to Idebenone. Although further studies are needed to further 
elucidate the mechanism of action, this new compound has potential for being taken forward into pre-clinical 
development. 

 

 
The effect of biocidal residues on resistance phenotype in Escherichia coli  

Rebecca Louise Wesgate, J-Y Maillard, and S Fanning 1 
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- South Belfield Dublin 4, Ireland 

Antimicrobial resistance (AMR) poses a threat to worldwide health, in particular in relation to multi-drug 
resistant organisms. Hygienic cleaning and disinfection can contribute in the prevention of AMR. There is 
ample evidence to support the use of disinfectants (biocides) in the decrease of healthcare acquired infections 
(HCAIs). However, there is also evidence of instances where disinfectant efficacy may be impeded resulting 
in microbial survival and emerging resistance. Biocides are said to act as a selective pressure that encourages 
the acquisition of resistance traits in bacterial cells. Furthermore, selective pressure may result from the 
overexposure of very low concentrations of biocides over long periods of time. Some biocidal products make 
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claims of “residual biocidal activity” whereas efficacy is usually imparted to a much higher concentration. Some 
microbial populations may survive exposure to low biocide concentrations and show decreased susceptibility 
or resistance to a biocide or consequentially other antimicrobials. This study aims to understand differences 
between bacterial selection and adaptation in Escherichia coli following exposure to realistic residual - during 
use - chlorhexidine (CHX) or benzalkonium chloride (BZC) concentrations. It was hypothesised that exposure 
to a high sub-biocide minimum inhibitory concentration (MIC) would exert a selective pressure enabling the 
least susceptible bacteria to survive resulting in a permanent change of susceptibility phenotype, whereas a 
low sub-MIC would be conducive to reactive metabolic shifts resulting in a transient change of susceptibility 
phenotype. iii Baseline biocide (CHX and BZC) and antibiotic susceptibility of E. coli isolates was obtained 
using a standard micro-dilution broth protocol, and EUCAST protocol. “Residual” CHX concentration left on 
surface over a 168 hours period was measured by HPLC. The impact of a range of biocide concentrations 
(including residual CHX ones) on growth kinetics was investigated. Any changes in susceptibility profile was 
assessed for stability. Efflux activity and metabolic regulation during exposure to low and high sub-CHX MIC 
were investigated aiming to identify a link with observed changes in susceptibility phenotype. Finally, the 
propensity for different levels of CHX exposure to influence genetic transfer via conjugation was explored. It 
was demonstrated that a 0.006 ± 0.002 mg/mL is a realistic residual - during use - exposure concentration of 
CHX. This concentration is 99% lower than the concentration initially applied (20 mg/mL). At this residual 
concentration, it was possible for CHX susceptible bacteria to survive the disinfection process. Five 
genotypically distinct strains (UCD-CFS ECP-1L3, UCD-CFS ECP-1L4, UCD-CFS ECP-1B2, UCD-CFS ECP-
13P5, UCD-CFS ECP-13P4) demonstrated survival after a 5 min but not 24 hours CHX exposure. Surviving 
bacteria demonstrated elevated MIC and MBC values; the highest fold change was 32-fold (MIC) and 62- fold 
(MBC). The elevated MIC values obtained were higher than the average concentration of CHX found on 
surface. Decreases in MIC or MBC values were observed after residual BZC exposure. No stable changes in 
MIC and MBC were observed after exposure to residual CHX or BZC, but stable changes were observed for 
antibiotic resistance for amoxicillin/clavulanic acid, ampicillin, cefpodoxime and cephalothin. Efflux activity was 
observed during exposure to low (0.00005 mg/mL) but not for high (0.002mg/mL) sub-CHX and sub-BZC MIC. 
It was demonstrated that changes in susceptibility coincided with changes in the ability to metabolise certain 
substrates including salicin, L-alanine, betain, creatanine and iv phenylethlalamine. These substances were 
linked to cell wall and stress signalling regulatory processes. It was surmised that E. coli was able to adapt 
through metabolic alterations to produce transient changes in CHX susceptibility and stable changes in 
antibiotic susceptibility. Furthermore, our results show that a transiently adapted population may be selected 
amongst less tolerant sub-populations at the established CHX-during use concentration. Overall, this work 
suggests that the intended application concentration of a biocide may in fact be lower than the MIC of target 
organisms. It is concluded that residual concentrations of biocides do have the potential to drive resistance, 
particularly stable cross-resistance to antibiotics, through prolonged exposure to low level during use 
concentrations, driving metabolic modifications of the cell envelope. The potential risk of cross-resistance 
warrants further investigation. 

 

Understanding how targeting zinc transporters prevents the development of 
aggressive cancer 

Silvia Ziliotto, JMW Gee, and KM Taylor 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

Zinc is one of the most abundant trace elements in the human body. Cellular zinc homeostasis is primarily 
controlled by zinc transporters, including the ZIP family of zinc importers. Since zinc homeostasis needs to be 
tightly controlled, dysregulation of these zinc transporters is associated with multiple diseases including cancer. 
ZIP7, a zinc transporter residing on the endoplasmic reticulum membrane, was discovered to be involved in 
driving endocrine resistant breast cancer. Findings within this project support the hypothesis that tamoxifen-
resistant breast cancer cells are driven by the increased activation of ZIP7 which, together with ZIP6, drives 
the invasive behaviour of this more aggressive breast cancer phenotype. This study confirmed the suitability 
of activated ZIP7 as a good biomarker of acquired resistance to anti-hormone treatment in breast cancer, a 
current clinical unmet need. Zinc is also important in cell cycle progression and, in particular, is essential for 
progression of cells through the G2 phase and mitosis. Our group have discovered that ZIP6 forms a heteromer 
with ZIP10 on the plasma membrane which influxes zinc into cells to trigger mitosis. This study demonstrated 
that treatment of different cancer cell lines with specific N-terminal ZIP6 or ZIP10 antibodies was able to inhibit 
mitosis by preventing the zinc influx necessary at this stage of the cell cycle. These agents were also shown 
to be effective at reducing the growth of different cancer cell lines. Using a model of ZIP6 CRISPR/Cas9 
knockout cells it was discovered that ZIP6 downregulation induces upregulation of ZIP10, as a compensatory 
mechanism to counteract the lack of ZIP6. This study revealed novel targets for proliferative diseases such as 
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cancer, which is manifested by uncontrolled growth. Additionally, this project brought new insight into the 
regulation of ZIP6. 

 

 
Computer-‐aided design,synthesis and evaluation of novel anti-‐chikungunya and 

anti-‐enterovirus compounds  

Birgit Eva Christine Zonsics and A Brancale 
Cardiff School of Pharmacy and Pharmaceutical Sciences, Cardiff University, King Edward VII Avenue, Cardiff CF10 

3NB, Wales U.K. 

RNA viruses present a large group of viruses that contains many important human pathogens. Chikungunya 
virus is an Alphavirus transmitted by tiger mosquitoes, causing a febrile disease that often leads to very 
disabling, sometimes chronic, joint and muscular pain that can last for several weeks up to months. The 
Picornaviridae family including enterovirus A71, coxsackievirus B3, poliovirus, enterovirus D68 and 
rhinoviruses cause various different clinical symptoms and diseases like hand-‐foot-‐and-‐mouth disease, 
poliomyelitis, or the common cold. For none of these viruses direct-‐acting antivirals are on the market yet, 

stressing the need to design novel compounds that could target these viruses and that may enter into (pre-‐
)clinical development soon. The replication cycle of RNA viruses requires specific viral proteins that replicate 
the viral genome and fulfil other crucial functions within the host-‐cell but are not packed into new viral particles. 

These non-‐structural proteins present excellent targets to inhibit the viral replication and were therefore 

investigated using computer-‐aided techniques in order to find novel antiviral compounds. Pharmacophore 
screening and docking were used to select molecules from large chemical libraries that were then tested in 
cell-‐based antiviral assays for their activities. Then the compounds were synthesised and improved using 

classic medicinal-‐ chemistry modifications. For chikungunya several different compounds with low micromolar 

activity could be identified. For the picornaviruses several inhibitors were reported, but the exact mode-‐of-‐
action on their molecular target (2C protein) was unknown. Possible sites and interactions were explored using 
site identification tools, docking and molecular dynamics simulations. In collaboration with virologists and 
structural biologists this lead to the clarification of the mode-‐of-‐action of fluoxetine, which exhibits a 

stereoselective activity on 2C. In addition, a series of novel inhibitors with broad-‐spectrum activity against the 
described picornaviruses was developed. 
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