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I  would like to thank everyone involved in the production of this inaugural edi-
tion of Insider Imprint, a student journal developed, and run by students, for 

students. The idea for this new initiative was developed by Dr Fabia Allen with a 
team of PhD students in the Faculty of Health and Life Sciences and I hope that 
all of the readership enjoy the scientific and special interest articles that make 
this a very varied and interesting read.  

Insider Imprint is a great opportunity for undergraduate and postgraduate stu-
dents to develop new skills, whether that be as an author generating a research 
or topical article, or a member of the Editorial Team, receiving, editing, proof 
reading and generating this publication. These different roles enable students to 
understand how the scientific peer review process works and the intricacies of 
journal publication, thus enabling them to demonstrate to prospective employers 
that they have a highly developed set of work-related skills.  

Finally, please enjoy this first issue of Insider Imprint and if you are interested in 
submitting an article or being part of the Editorial Team, I am sure the editorial 
team will be very happy to hear from you. 

Well done to everyone involved on a wonderful achievement! 

 

Forewords 

I t is an utter pleasure to celebrate the publication of the first issue of Insider 
Imprint. At life sciences at Liverpool we work hard to give our students op-

portunities to develop the skills that will serve them well in the world after 
graduation. Insider Imprint is a fantastic way for our students to practice com-
munication, to express complex ideas in compelling and creative ways. It's 
really great to see such enthusiasm for Science in our students.  

I'd like to personally thank Fabia Allen, the founding editor, who had the vi-
sion and tenacity to bring Insider Imprint into life. Fabia has assembled a su-
perb editorial board and sincere thanks are due to them, and to the authors 
themselves.  

Dr Mike Speed 

Head of the School of Life Sciences 

Faculty of Health & Life Sciences 

Professor Blair Grubb 

Associate Pro-Vice Chancellor (Education) 

Faculty of Health & Life Sciences 
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W e are excited to welcome you to our inaugural issue of Insider Imprint, a journal for students in the Faculty of Health 
and Life Sciences at the University of Liverpool. Insider Imprint is the brainchild of Dr Fabia Allen, and she has set up 

and runs the journal in partnership with a fabulous team of PhD students from across the faculty. 

Our goal was to create a space for undergraduate and masters students to showcase their achievements, to inspire the 
upcoming generation of students and to support students in becoming confident and competent presenting their work, 
ideas and experiences. We have aimed high for quality, reviewing submissions carefully and implementing a peer-review 
process for research and literature review articles. A key ethos of the journal is to create a supportive and inclusive space 
for students to publish - through inviting a diverse range of submissions, holding writing clinics, giving authors a dedicated 
editor to support them through submission and peer-review and so on. 

It was only just over 12 months ago, in February 2017, that we had our first team meeting, getting to know each other, 
setting out our goals for the journal and timeline to success. We knew that this was a big task so plenty more meetings fol-
lowed fuelled with biscuits and the occasional healthier snack to galvanise our brains into action. Who knew that setting up 
a journal from scratch would have so many hurdles to overcome and bases to cover! From researching and creating our 
journal policies, devising our own route to publication workflow, documents & forms, website building, creating bespoke 
peer-review training, and lets not forget the deep pit you can fall into when figuring out typesetting! We have come 
through it all together, learning so much and creating a legacy that can now be taken forwards for many years to come.  

As you turn the pages of this first issue, you will find a diverse range of content from first year undergraduates to masters 
students, taking you on a journey through motivational experiences, embraced opportunities, hard-core research and in-
sightful reflections. Find out about what your peers are doing in their research projects, or outside of uni to get ahead or to 
follow a passion. We have also asked recent graduates to share their stories about how they landed their first job, where 
their career is taking them and advice to current students. And of course, employability commands a big section of this 
journal, with pages packed with useful information on different careers and how to succeed.   

We are so thrilled to be bringing you such a diverse and bulging first issue. Enjoy and be inspired :) 

Editorial 
Welcome to Insider Imprint 
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I am a fourth year part-time PhD student in the Department of Biochemistry, at the University of Liver-
pool.  I earned my undergraduate degree in Molecular Biology here as well. My PhD training is in the 
use of biophysical techniques, namely X-Ray Crystallography and Electron Cryo-Microscopy to study 
biological molecules. I have contributed a short article for the Blood-brain barrier symposium’s blog 
(bbbsymposium.com) and some of my PhD research has been published in the Nature publishing 
group open journal, Scientific Reports, giving me some experience in writing at both lay and technical 
levels, as well as of the peer-review process in science. I work as a co-editor for Insider Imprint, an 
experience that has taught me more about publishing in general.  

DR FABIA ALLEN 

Meet the team behind Insider Imprint! We are a dedicated team of one academic and seven PhD students com-
ing together with a common goal of creating a space for undergraduate and masters students to showcase their 
achievements, to inspire the upcoming generation of students and to support students in becoming confident 
and competent presenting their work, ideas and experiences. We joined forces in early 2017, and have been 
working like crazy since then to set up this journal. We are very proud to present a fabulous first issue we are 
confident you will enjoy. 

Meet the Team 

GEORGE  CHIDUZA 

I am a lecturer in the School of Life Sciences. Setting up a student journal has been a dream of mine 
for a number of years! Students at Liverpool are doing so many amazing things, both academically and 
outside of uni; I wanted to create a space where this could be shared to inspire others, and where 
students could showcase and gain recognition for their achievements. Collaboration, sharing and sup-
porting success are all close to my heart, and imbued in Insider Imprint. 

NATASHA BRADLEY 

I am a second year PhD student in health services research at the Institute of Psychology, Health and 
Society. My research explores psychosocial issues in palliative care, aiming to develop appropriate 
quantitative methods to research the effectiveness and cost-effectiveness of social support interven-
tions for adults with life-limiting illness. Alongside my role as an editor for Insider Imprint, I have re-
searched and developed the legal aspects of the journal, such as our journal policies.  

THOMAS LEATHER 

I am a PhD student working in the institute of translational medicine. I research new MRI applications 
to increase the accuracy and speed of glioma (brain cancer) diagnosis. I use different algorithms to 
extract information out of MRI images of brain cancer patients to work out the exact stage and mo-
lecular makeup of the tumour without the need for biopsy. I have been involved in establishing a peer 
review process for the journal, as well as setting up a website. Outside of my science life I love swim-
ming, particularly in open water.    

Managing Editor 

Editor 

Editor 

Peer-review Manager 
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KERRY HANNA 

STEPHANIE FRENCH 

JUHI GUPTA 

I am a PhD student in the Institute of Translational Medicine. Currently I am researching molecular 

causes of pregnancy complications. As Public Relations Manager for Insider Imprint, I manage corre-

spondence, events, networking and advertisements. I am passionate about science research and love 

reading about the cutting-edge work that happens every day! 

I am a Doctoral Researcher in the Bennett laboratory at Institute of Integrative Biology. My research 
spans from Cell Biology through Cancer Biology to Personalised Medicine. Our laboratory utilises the 
flexibility of Drosophila melanogaster (Fruit Fly) to develop precise cancer models (the fly arsenal) 
which are used for high throughput genetic and drug screening. I am not only curious about science 
but also a lover of table tennis and cycling. Twitter: @HammedBadmos 

 

HAMMED BADMOS 

I am a Pharmacology PhD student here at The University of Liverpool. My research focuses on the 

intestinal side effects of novel, targeted chemotherapeutic treatments for leukaemia. By studying the 

mechanism of these side effects, we hope to find ways to alleviate these adverse effects. As a co-

editor for Insider Imprint, I am responsible for reviewing articles, aiding the peer review process and 

copy-editing. I have also been involved in artistic design of promotional material, the journal layout 

and our website, as well as typesetting all of our articles. 

Editor 

I am an orthoptist (a vision specialist) by background, having studied Orthoptics BSc at the University 
of Liverpool. I am completing a PhD in the health services research department in the University of 
Liverpool. My research is identifying the health inequalities (differences in health status) associated 
with vision problems after stroke. These differences in health result in patients who are worst off ex-
periencing poorer health and reduced quality of life. 
 
My role in Insider Imprint is Co-Editor; ensuring articles are sent to appropriate peer-reviewers, and 
the authors accurately address the peer-review comments. 

Editor 

Social Media Manager 

Public Relations Manager 

Hammed_©McCoy_Wynne-6372 
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REFLECTIONS 

A fter our second year at uni-
versity, we undertook a year 

in industry as part of our under-
graduate degree within the 
School of Life Sciences.* We both 
went to the pharmaceutical com-
pany AstraZeneca, well known 
for drug development in the 
fields of oncology and cardiovas-
cular disease. During our 12 
months, we worked on individual 
projects, and had to produce a 
scientific report at the end of our 
time there, contributing to our 
final degree marks.  

First, there are many differences 
between being a university stu-
dent and undertaking a year in 
industry. You are, for all intents 
and purposes, a full-time em-
ployee of a multibillion dollar 
pharmaceutical company playing 
your part in helping develop 
treatments for those in need. 
There is a great sense of moral 
achievement that comes with 
knowing your 8 hour days, spent 
sweating over a lab bench have 
more purpose than scoring you 

points towards your degree. It 
also comes with the professional 
responsibility, attending work, 
every single day. Unlike the flexi-
bility of student life there is no 
waking up with a hangover and 
deciding that you’ll catch up an-
other day. As a temporary em-
ployee, you’re not privileged 
enough to benefit from sick pay. 
But this is a small sacrifice com-
pared with the immense 
amounts of positives that can be 
gained from working at a compa-
ny such as AZ.  

This year in industry is an excel-
lent opportunity to develop your-
self as a young scientist, to apply 
knowledge you have obtained 
throughout your university ca-
reer to the ‘real world’ and see 
how science works outside of 
your scheduled lab sessions. You 
get the chance to learn tech-
niques and use equipment that 
would otherwise not be available 
to you as an undergraduate stu-
dent and become self-declared 
‘experts’ in your own little field 

of science. Completing a year in 
industry will also prepare you for 
future employment by giving you 
more interview and application 
experience. You will write count-
less cover letters, fill out numer-
ous application forms and re-
write your CV at least 7 times but 
all that practice will make sure 
you’re ready for applying for per-
manent jobs at the end of your 
degree. For some, it will also be 
the first official interview you’ve 
ever had, and it’s great to get 
some experience as this will put 
you more at ease in the future, 
once you understand more about 
the process.  

Probably one of the most im-
portant skills you develop is the 
ability to be responsible for your 
own scientific project. This is not 
something you will have neces-
sarily experienced throughout 
your first two years at university, 
as you are somewhat reliant on 
demonstrators and lecturers to 
aid you when things go awry. 
During a year in industry howev-

The A to Z of Working in  

Industry  
A year in the life of a placement student at AstraZeneca 

Kiani Jeacock (BSc Biochemistry) and Rebecca Donohue (BSc Biochemistry) 

Kiani and Rebecca have both just completed their 4 year degree: BSc. Biochemistry with a Year in Indus-

try. They both completed their year in industry at the multinational pharmaceutical company AstraZene-

ca. Kiani spent her year in the high throughput screening department, part of early drug development, 

undertaking a project that involved utilising the genome engineering technology  CRISPR-Cas9 to identi-

fy novel therapeutic targets in non-small cell lung cancer. Rebecca worked in bioanalysis, assessing the 

safety of drug molecules by developing a method to determine drug exposure in the blood following 

drug delivery via nanoparticles. The authors reflect on the challenges and benefits of undertaking an 

industrial placement. 
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REFLECTIONS 

er, you are encouraged to think 
for yourself, to stand on your 
own two feet and to come up 
with your own theories and solu-
tions in order to influence the 
scientific direction that your pro-
ject will take. This ability was ex-
tremely beneficial when it came 
to undertaking our final year 
honours project, where the same 
thing was expected of us, as we 
were about to become a gradu-
ate scientist. However, you will 
not be completely left to your 
own devices, you are assigned a 
supervisor who is always on hand 
to guide and mentor you 
throughout the year. 

You are not only there to im-
prove your scientific technique 
but also to develop the skills 
needed for working life in gen-
eral, making you more employa-
ble in the future. This involves 
transforming you from someone 
who falls asleep during meetings 
to someone who is able to ac-
tively participate in and contrib-
ute to the discussion. You will 

learn how to schedule meetings 
across multiple time zones, tele-
conferencing with your counter-
parts across the globe, and 
teaching you to speak confident-
ly with collaborators from other 
companies, making you feel like 
a valued member of the depart-
ment. Here, the key skill learnt is 
communication. You are encour-
aged to learn how to explain sci-
ence to a wider audience, wheth-
er that be to your team during 
departmental meetings or by 
publishing scientific posters at 
national conferences (again, a 
useful skill for our final year!). 

We had the opportunity to rep-
resent AZ at a conference, where 
we experienced what scientists 
like to call ‘networking’. This 
mostly involves eating (free) ol-
ives and drinking (free) wine at 
the end of a long day of inter-
esting presentations, and occa-
sionally exchanging LinkedIn de-
tails. This is a valuable time to 
make contacts with scientists in 
and around your field as you are 

just beginning your scientific ca-
reer, and a well-connected 
LinkedIn profile will look good to 
any future employer.  

The year in industry may seem 
like it's all about work, but trust 
us it isn’t! The social life isn’t ex-
actly like being at university, but 
there are plenty of opportunities 
to meet fellow young people. AZ 
employs not only undergradu-
ates, but also graduates and ap-
prentices within all departments 
including finance, IT, biosciences 
and pharmaceutical develop-
ment. A student-led social group, 
similar to a university society, 
known as AZinspire, organises 
events to enable the young peo-
ple from different business areas 
to get to know each other. Some 
events were science-related, in-
cluding a whole-day symposium 
of speakers and debates, where 
our Cambridge counterparts 
came to visit the Macclesfield 
site. However, some events were 
purely social, including meals 
out, a sports day and charity 
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fundraising events. Like your first 
year at university, everyone is in 
the same boat, and you’ll easily 
make friends from across the 
company and across the globe. 

The benefits of undertaking a 
year in industry may seem obvi-
ous, but we’ll be the first to ad-
mit that this doesn’t always feel 
like the case. There will be times 
when you wonder whether you 
made the right decision, espe-
cially when you see your univer-
sity cohort graduating without 
you and moving on to new chal-
lenges. Science isn’t easy, your 
lab work will not always go to 
plan and it can be hard to moti-
vate yourself during these times. 
Weekends will always pass too 
quickly, and you’ll drink copious 
amounts of overpriced coffee to 
get you through Monday morn-
ings. But it is so worth it. The 
chance to experience life as an 
industrial scientist but with the 
commitment of only one year 
helps you decide what it is you’d 
like to do with your future ca-
reer. You are surrounded by peo-
ple who at some point have all 
been in the same position as you, 
and are more than willing to im-
part their wisdom and advice. 
We were also encouraged to visit 
other departments, to broaden 
our knowledge of the types of 
roles available within the compa-
ny, both scientific and non-
scientific.  

Overall, we loved it. There were 
ups and downs, but the experi-

ence helped to shape us as scien-
tists, decide on the career path 
we wanted to take, and we made 
friends for life. Admittedly, nei-
ther of us at present are intend-
ing to go down the industrial 
route. Having just completed our 
final year here at Liverpool, I 
(Kiani) am going on to do an 
MRes at the Institute of Integra-
tive Biology studying Alzheimer’s 
disease, and I (Becca) am moving 
to Loughborough to study an 
MSc in analytical chemistry. Our 
experience at AZ helped us to 
make these decisions and so did 
the people we met. We would 
whole-heartedly recommend 
doing a year in industry to any-
one and would happily do it 
again ourselves if we could.  

 

*The School of Life Sciences has 
replaced the year in industry 
with the four year MBiolSci 
course, which offers an industry 
option in the final year. For more 
information visit the school web-
site. 
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Reflections on starting year 2 
Advice from a current second year 

When my tutor told us in first year 
that second year gets “a lot busi-
er,” I never quite believed him, 
since I thought first year was al-
ready busy. However, after a 3-
month summer holiday, I was sur-
prised to find I was more than 
ready to get back to work, and I 
adjusted to the heavier workload 

instantly. Already having your 
friends and knowing what is ex-
pected of you at UoL helped a lot, 
and despite the busy timetable 
and assignments, the semester is 
very enjoyable. It is tough, but I 
was certainly proud of how much 
I had achieved by the end of the 
first 12-week period. My advice to 
future second years is make sure 
you always have some time to 
yourself, whether it be spending 
the hour between lectures in Cos-
ta, going for a meal, or having a 
weekend in a different city. There 
is lots of work to be done- but 
nobody can work all the time! 
Where revision is concerned, I 
would say start as early as you 

can, it pays off in the long run to 
have much of the “groundwork” 
complete before the Christmas 
holidays. Overall, just make sure 
you enjoy the short time you have 
at university, and take advantage 
of the many opportunities UoL 
offers to us as students. 

iimprint@liverpool.ac.uk 

Insider Imprint is recruiting Peer-Reviewers 

 
 

- Gain experience in carrying out peer-review 
- Gain access to our bespoke peer-review training materials 

- Support students in publishing their work 
-  Boost your CV 

 
We are looking for enthusiastic and committed individuals to join our team of peer-reviewers. 

 
You should be able to work to fairly tight deadlines and you should relate with the journal goal of sup-
porting undergraduate and masters students in publishing their work. No prior experience is needed. 

 
Eligibility to apply: 

You must be a PhD student or academic in the Faculty of Health and Life Sciences   
Where applicable, you must have permission from your supervisor and at least 1 year of your studies left 

 
 

Contact us by email to find out more 

Jessica Buddle, 

Microbiology  
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I  have always found university 
fun and exciting but at the end 

of my second year studying in 
Liverpool, I felt that there was 
something lacking. Obviously I 
missed my family even though 
they were only a phone call 
away but what I also missed wer-
e my dogs because, unfortunate-
ly, they can’t speak over the 
phone! I realised it would be ide-
al to find a dog in Liverpool in 
need of a part time walker. Dur-
ing an online browse, 
I came across The Cinnamon 
Trust, a charity that provides vol-
untary care for pets belonging to 
people who are disabled, elderly 
or terminally ill. The charity aims 
to give owners peace of mind 
with the knowledge that their 
pets will be well cared for no 
matter what. It looked like a win, 
win situation, not only would I 
have a dog to walk but I’d also be 
helping someone out. I signed up 
as quickly as I could!   

A month later, after checking my 
references, The Cinnamon Trust 

sent me my membership card 
and said they would get in touch 
when they knew of someone in 
need of a walker. A few weeks 
after that, they contacted me 
about a lady named Helen and 
her little Shih-Tzu Buster who 
lived nearby. I rang Helen the 
same day and we decided that I 
would come and meet her (and 
Buster!) that week. I was excited 
and nervous to meet them both 
but my nerves disappeared very 
quickly. Helen’s carer, Angela, 
greeted me at the door with a 
huge smile and led me in-
to her flat. Helen was 
very friendly; she was brimming 
with questions about me and 
was delighted to hear that I’m 
from Northern Ireland, being of 
Irish descent herself. She also 
spoke very openly to me about 
her disability which is cerebral 
palsy. In no time, I was out walk-
ing Buster who was very well be-
haved although I could tell he 
had lots of character!  

Since then, I have been walking 
Buster once every week during 
term time. I quickly found that I 
had made four new friends 
in Helen, her carers (Jackie 
and Angela) and of course Bust-
er! After I’ve walked Buster 
we always have a chat over a cup 
of tea! I love my weekly walks 
because it gives me time to 
briefly disconnect from university 
life. I feel like I have more of a 

connection with the Liverpool 
community through this experi-
ence and I would highly recom-
mend it to other students who 

are missing their pets! Not only 
will you have a dog to walk, 
you’ll gain friends and meet lo-
cals living in the city where you 
study.  

Volunteering with the Cinnamon 
Trust 
A charity providing pet care for the elderly, disabled or 
terminally ill 
Shona Burch, 4th Year MBiolSci 

“Walking Buster 

and catching up 

with Helen over a 

cup of tea every 

week is really re-

freshing!”  
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W ithin only 9 months into 
the first year of my PhD in 

2014, I came to realise and ac-
cept that academia was not my 
preferred career path. I soon 
started exploring careers in phar-
maceutical industries, biotech-
nology companies and con-
sulting. I attended a consulting 
event in Manchester that 
brought together like-minded 
postgraduate students and in-
dustry professionals. This event 
was the beginning of what would 
become the North-West Biotech 
Initiative (NBI). Together with 
Catherine Castillo, a friend of 
mine and fellow PhD student at 
the University of Manchester, I 
decided to create a platform that 
would continue to build and en-
hance the interaction between 
PhD students and industry ex-
perts. 

Over the subsequent 6 - 12 
months, NBI was formed to fill 
the networking and industry 
knowledge gap between post-
graduate students in the STEM 
fields and experts in industry. NBI 
continues to achieve this by or-
ganising events – panel discus-
sions, workshops and competi-
tions- that allow students to, pri-
marily, understand and listen to 
expert opinion on certain topics; 

secondly, to engage and enable 
students to develop skills 
through case-study-based learn-
ing; and finally, to network with 
experts in an industry they may 
be interested in within an infor-
mal setting.   

NBI strives to create a space for 
students in the STEM fields to 
gain a valuable set of transferra-
ble skills including entrepreneur-
ship, business acumen, financial 
management and other soft skills 
which most PhD-level research-
ers often lack or have little of. 
This empowers and equips the 
student in choosing a career 
path based on their interest and 
passion rather than a lack of 
skills or opportunities. Thus, stu-
dents are prepared to apply 
these skills in any arena and sec-
tor they choose to pursue in life 
beyond their academic institu-
tions.  

Since late 2014, NBI has recruit-
ed 16 dedicated PhD, masters 
and undergraduate students 
based in Manchester and Liver-
pool, organized 13 high quality 
events to which over 1,000 stu-
dents have registered interest in 
and attended. NBI has raised 
about £5,500 in sponsorships, 
including £2,400 in competition 

prizes awarded to student partic-
ipants. At least 7 PhD students 
have gone on to secure intern-
ships and full-time positions with 
biotechnology and consulting 
companies with direct ties to NBI 
events. NBI has gained recogni-
tion from the University of Liver-
pool, University of Manchester, 
Manchester Enterprise Centre, 
Liverpool Doctoral College, 
Louise Ellman (labor MP of Liver-
pool), Liverpool Chamber of 
Commerce and the Doctoral 
Training Program sponsored by 
the BBSRC. 

NBI is now channelling its ability 
to bridge the education-skillset-
employment gap and applying it 
in new settings and sectors. One 
of these areas is the implementa-
tion of the Sustainable Develop-
ment Goals (SDGs) at a local lev-
el. Following on from my involve-
ment in discussions on high level 
panels about the implementation 
of the SDGs and what it means 
for youth at the community level, 
NBI is proud to present a new 
endeavour called the Millennial 
Education Project.  

The Millennial Education project 
is a strategy that sets out to 
transform mind-sets and place 
critical thinking and entrepre-

The Power of Two: The North 
West Biotech Initiative 
Elsa Zekeng; PhD student  

The North-West Biotech Initiative (NBI) is a platform set up by Elsa Zekeng and Catherine Castillo to pri-

marily allow PhD students in the STEM fields to explore future careers paths and network with potential 

employers. Ultimately, the NBI aims to provide these opportunities to all students across disciplines and 

levels of study. Here Elsa Zekeng discusses how she set up the initiative and how you can get involved. 
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neurship into a framework in line 
with the SDGs with the aim of 
preparing young people for life 
beyond formal educational insti-
tutions by teaching entrepre-
neurship and business acumen 
skills in a context that is benefi-
cial on an individual level, but 
also to the local community and 
globally. In effect, NBI hopes to 
stimulate social change by incul-
cating the critical thinking skills, 
empathy and social responsibility 
that is not currently built into 
traditional education systems. 

This project hopes to engage 
with students at various educa-
tion levels and age ranges pri-
marily to raise awareness about 
the SDGs among young people 
and, secondly, mobilise partici-
pants to begin aspiring to create 
solutions to these challenges ear-
ly in life. This engenders a deeper 
sense of purpose and global 
awareness in combination with 
increased opportunities to devel-
op the right skills and accessing 
the right tools to execute future 
solutions.  

NBI represents the power of 1 
and subsequently the greater 
power of 2. It represents what 
happens when two individuals 

who find themselves discontent 
with the status quo, set out to 
create a solution to a specific 
challenge. Although NBI started 
off bridging the gaps between 
education, skillset and employ-
ment whilst targeting postgradu-
ate students in the STEM fields, 
the organisation has organically 
set its sights on increasing its 
scope. NBI currently organises 
additional events to engage and 
include participants from diverse 
disciplines, international or na-
tive students, as well as those at 
different stages of their educa-
tional career or who may not be 
in a formal or institutional edu-
cation system. NBI aims to equip 
young people with the aware-
ness and skills to shape their own 
destinies. NBI is growing into a 
cultural movement hoping to 
effect social and political change 
through the combined voices of 
engaged young people.  

Please join us and work with a 
team of exceptional leaders who 
are ready to take on the chal-
lenge of enriching the expanding 
culture of entrepreneurship in 
the North West of England that is 
already shaping our future.  

 

The NBI is keen to collaborate 
with educational institutions, the 
government, local and interna-
tional authorities, businesses and 
any other interested entities. To 
keep up to date with NBI’s activi-
ties, please Like us on Facebook, 
Follow us on Twitter, visit our 
website (www.nwbiotech.co.uk) 
and do not hesitate to contact us 
directly at nwbiotechinitia-
tive@gmail.com.  

http://www.nwbiotech.co.uk
mailto:nwbiotechinitiative@gmail.com
mailto:nwbiotechinitiative@gmail.com
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My time in Africa - volunteering 
in a Hospital and Health Centre in 
Tanzania - was both amazing and 
very emotional. I have learnt so 
much from my time away, I defi-
nitely feel more independent and 
confident as a person. I have anx-
iety so going alone to work in a 
faraway country was very scary 
for me; I had never done any-
thing like it before. My time 
away has made me change my 
ways of thinking, it really 
touched me how the people 
there live in poverty and yet are 
so happy. I know that my life is 
easy compared to theirs and if 
they can see the bright side of 
things so can I. I am going to look 
on the positive side in the future 
and take every obstacle life will 
give me and attempt to over-
come that obstacle. One big chal-
lenge that I overcame during my 
time there was recovering from 
becoming extremely ill with ma-
laria in my time away. 

During my first week in Tanzania  
I worked in Sokoine University 
Health Centre. Learning how doc-
tors look for symptoms and how 
to spot problems with organ sys-
tems. I helped to check over the 
patients and come up with a di-
agnosis and treatment plans. I 
also learnt how to take patients’ 

observations and grade blood 
pressure. Although this week was 
spent within a specialist cardiolo-
gist unit, I saw many different 
types of patients suffering from 
heart problems to yellow fever 
and malaria.  

I spent my second week in Tanza-
nia in Morogoro Regional Hospi-
tal. My first day was spent on the 
intensive care unit (AOCU) where 
I saw two babies who had AIDS 
and had developed severe pneu-
monia. The main priority was to 
keep the babies breathing and 
make sure they had enough oxy-
gen with an oxygen saturation of 
96%, for adults and 93% in in-
fants, however the babies were 
around 42%.  

I saw many typhoid and malaria 
patients, one malaria patient in 
particular needed brain surgery 
to remove a clot but his mother 
could not pay for the surgery so 
abandoned the child in hope that 
they would do the surgery any-
way. Unfortunately, they could 
not. I paid for the surgery for the 
child-which was cheap compared 
to private prices in the UK- and 
the mother came back and 
thanked me. This made me so 
grateful for the NHS and high-
lighted the importance of chari-

ties for people without access to 
free healthcare. 

There were many malnourished 
patients on the ward. I learnt 
about the different types of mal-
nutrition: 

 Kwashiorkor- is a protein defi-
ciency. Kwashiorkor is charac-
terized by swelling abdomen 
and legs. (1) 

 Marasmus- is a deficiency in 
calorie intake. A person with 
marasmus looks like they are 
wasting away. (2) 

 Marasmic kwashiorkor- This is 
a mixture of the two deficien-
cies. This is sometimes re-
ferred to as the most severe 
malnutrition form. (3) 

I also did a night shift on the Ob-
stetrics and Gynecology ward. I 
helped with 3 natural births. One 
mother gave birth to a still baby. 
The doctor just handed me the 
baby to do CPR and suddenly the 

Rachel Winrow, 1st year Zoology BSc  

Rachel Winrow recalls her time in Tanzania volunteering at a hospital, battling with Malaria, and reflects 

how her experience has changed her outlook on life.     

“My time away has 

changed my way of 

thinking.” 

My Experience in Africa and with 
Malaria 
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baby started to cry. I had revived 
the girl, and the mother, who 
had lost 3 children before was so 
happy that she named the baby 
Rachel after me. 

The culture in Tanzania is very 
different to the UK; the women 
aren’t allowed any pain killers 
and aren’t allowed to make noise 
while giving birth. There were 
multiple people to a bed, some-
times as many as 5 or 6 in a sin-
gle bed. 

During my time in Tanzania I 
went to a snake park where I 
learnt about snakes and their 
poisons and got the chance to 
handle poisonous snakes. There 
were also tortoises there that we 
could hold. I went on Safari in 
Mikumi National Park. Here we 
were taught about the different 
species of animals as well as ani-
mal tracking and the local con-
servation projects. We also 
learnt about poaching and their 
efforts to prevent it. As a zoolo-
gist, I am interested in conserva-
tion and going on safari really 
made me want to work as a field 
guide or abroad on a conserva-
tion project to help endangered 
species. 

During my time in Tanzania I be-
came seriously ill with Malaria 
despite taking my Malaria tab-
lets. Malaria is a protozoan infec-
tion caused by a parasite called 
plasmodium.  

Malaria is transmitted by the fe-
male anopheles mosquito; the 
parasite is mixed in an infected 
mosquito’s saliva and is trans-
mitted when they draw blood 
from humans.  

I was infected with Plasmodium 
falciparum which is the most 
dangerous strain of Malaria. Ma-
laria has flu like symptoms and if 
left untreated can lead to organ 
failure, which can be fatal. The 
symptoms that I had included: 

high temperature, sweats, chills, 
diarrhea, stomach pain, fatigue, 
headache, vomiting, muscle 
pains, general weakness, loss of 
appetite, cough. 

At first I just thought that I was 
dehydrated and had a cold so I 
didn’t go to the doctors. I left it a 
while but my symptoms got so 
bad that I decided to go to the 
doctors. I was informed that I 

 There are 5 different types of Malaria (4): 

 Plasmodium falciparum.- This is the most dangerous type most com-

monly found in Africa. It is responsible for 90% of malarial deaths. 

 Plasmodium vivax.-Mainly found in Asia and South America. 

 Plasmodium malariae.- This is rare and found in Africa. 

 Plasmodium ovale. - This is found in Africa. 

 Plasmodium knowlesi. - This is very rare and found in parts of South 

and East Asia. This type can infect animals and cause malaria to be 

passed from animal to human known as zoonotic. 

“I was infected 

with the most dan-

gerous strain of 

Malaria” 
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had 12 parasites per 200 red 
blood cells, which is a severe 
case. They gave me tablets and a 
saline drip to treat it, but this did 
not work as I got more ill. I went 
back to the doctors a few days 
later and it hadn’t improved so 
they gave me an injection of Qui-
nine and said I should stay in 
hospital on a drip- they were 
worried my kidneys would shut 
down. That night I started hallu-
cinating because I had developed 
Cerebral Malaria. When I got 
back to the UK I went straight to 
hospital where I was seen incred-
ibly quickly. They informed me 
that the malaria was gone and 
that I should eventually make a 
full recovery. It took months to 
recover but I finally did. 

When I got back to the UK I did a 
project on my experience with 
malaria in which I analyzed my 
blood results and even went on 
to do a lecture at a UTC Trans-
mits seminar held at the Univer-
sity of Liverpool. 

When reflecting on my experi-
ence now it was so scary and un-
believable how quickly things 
escalated. I never thought it 
would be that easy to catch ma-
laria. It progressed so quickly and 
could have been lethal. I am so 
thankful that I survived it and I 
will never forget my experience. 
Despite getting malaria I had a 
great time in Tanzania and made 
lots of great friends and memo-
ries that will last for a life time.   

Table of my blood results from when I had malaria. WBC- White blood cell; RBC-Red blood cell 
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The objective of this piece of work was to try and communicate to the public the beauty and magnificence of 

this endangered species. I wanted it to be striking enough to shock and inspire the viewers to become in-

volved in the conservation of the species and it’s threatened habitat. 

Although the work is stylised, the detail was specifically important in this piece to give depth and an almost 

tactile feel for the fur as though you could run your fingers through the tiger’s coat. The coat of tigers is one 

of the reasons they are so highly prized by poachers and so I wanted to draw attention to the point of it be-

ing on the tiger. The close up of the face with the fur allows for an anthropomorphised link to the animal. 

Hopefully by looking into the subject’s eye the viewer can feel like they understand the threats to the species 

through an individual’s experience, as opposed to being told numbers with no empathetic connection. 

The composition of the work with the tiger’s head turned to be looking over it’s shoulder I feel really encap-

sulates how alert they must be in regard to humans and the exposed neck acting as a metaphor for their vul-

nerability in their wild habitats. This vulnerability portrayed communicates the urgent help the species need 

from us, not only in terms of funding their protection, but also monitoring of their populations and research 

into how their habitats and niches can be improved.  

Jemima Western, Alert Tiger Pencil Sketch 
2nd year Zoology BSc 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Spring 2018  |  Insider Imprint  |  20 

RESEARCH AT LIVERPOOL 

Identification of microRNAs in equine synovial fluid as potential 

biomarkers of osteoarthritis  

Burke, Kim1; Balaskas, Panagiotis2; Anderson, James2; Peffers, Mandy2 

MicroRNAs (miRs) play an important role in regulating gene expression, but also have a functional role in 
some diseases for example diabetes, lung and colorectal cancers (1). Altered levels of miRs can be 
detected and associated with the diagnosis of these diseases. Diagnosis of osteoarthritis (OA) - a complex 
age-related disease characterised by cartilage degeneration and inflammation (2-4) - by a measurable 
difference in miR levels may be feasible. Currently there is limited diagnostic ability at early stages due to 
current clinical imaging methods requiring gross changes to the joint (5), only seen in late stages. 
Identification of OA-related miRs offers an enhanced ability to diagnose, discover novel treatments and 
further understand OA development. This project identifies miRs in synovial fluid (SF), the substance that 
fills and nourishes the joint capsule, in horses for the first time. 

Abstract 
OA, a degenerative joint disorder, has high prevalence in equines presenting economic and welfare challeng-
es (5,6). With no methods of early OA detection or effective treatment, biomarkers are required. Investiga-
tion of differential expression between young and old equine donors was used to determine the suitability 
of SF miRs in this capacity. Expression of miRs 16, 146a, 140, 132, were detectable, though none demon-
strated a statistically significant differential expression between the two age groups (p-values= 0.1775, 
0.5639, 0.8966, 0.4129 respectively). TRIzol-chloroform RNA extraction in equine SF achieved greater RNA 
concentrations when compared to the Qiagen miRNeasy serum/plasma kit. Hyaluronidase (HA) treatment 
improved handling of equine SF, helping maintain RNA quality. 

A ccounting for 60% of equine lameness (5), and the 
most common reason for failure to train and race 

resulting in early equine retirement (6), OA is the greatest 
single cause of economic loss to the racing industry (7). 
Annually the horse racing industry is worth over £3.45 
billion to the UK economy (8). Most joint injuries in race-
horses involve the carpal, metacarpophalangeal (MCP) 
and metatarsophalangeal (MTP) joints which sustain re-
petitive, focal, high impact loading. In 2010, it was deter-
mined one-third of all 2/3-year-old thoroughbred race-
horses had partial/full-thickness cartilage lesions and OA 
of MCP joint (9). Its association with pain and disability 
levels, has welfare significance applicable to all equines 
(10), with current treatment options such as non-
steroidal anti-inflammatory drugs, selective cyclooxygen-
ase 2 inhibitors, steroids and hyaluronic acid lack efficacy, 
failing to reverse the loss of articular cartilage (11).  
 

MiRs are a class of small (20–22 nucleotide) non-coding 
RNA molecules (12). They regulate genetic expression 
post-transcriptionally, resulting in either repression of 
translation or increased mRNA degradation (13). Signal-
ling pathways, critically important in endochondral ossifi-
cation, articular cartilage homeostasis, and arthritis path-
ogenesis, are targets for OA associated miRs affecting 
cartilage biology. Specific miRs have been associated with 
chondrocyte, cartilage cell, processes of proliferation, 
differentiation and apoptosis (14), demonstrating they 
respond to homeostatic changes in the joint as seen in 
OA, revealing targets for intervention. To date, measure-
ment of miRs in equine SF has not been reported (17, 39, 
40). However, there is increasing evidence of miR dysreg-
ulation in human OA in cartilage and SF. 
 
SF, a plasma ultra-filtrate found within the joint, nourish-
es articular cartilage acting as a vector for inflammatory 
mediators released from the synovium (15). Changes in 
SF reflect cartilage metabolism and specific miR expres-
sion occurs at cartilage level, thus may not be detected 
systemically in plasma (16). Hence SF could present a 
sampling alternative. A link between variable expressions 
of miRs in human knee SF to the staging of OA offers the 
most significant evidence of miR suitability as an OA bi-
omarker in SF (17). 

13rd Year Veterinary Student, School of Veterinary Science, 

University of Liverpool, Leahurst Campus, Neston CH64 7TE, 

UK  
2 Institute of Ageing and Chronic Disease, University of Liver-

pool, West Derby Street, Liverpool, L7 8TX, UK  
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A single miR regulatory pathway in early tissue healing 
has highlighted miR replacement as a promising therapy 
for tendinopathy in rat models (18). In mouse models, 
the upregulation of miR-483-5p, a miR previously de-
scribed in oncology (19), initiates and promotes OA de-
velopment. This could be delayed by intraarticular injec-
tion of synthetic antago-miR-483-5p (20). 
 
Ageing has been shown to affect joint pathology, re-
sulting in it being considered among the most consistent 
risk factors for OA (21). With increasing age in equines, a 
significant decrease in cartilage thickness, and increase in 
thickness of calcified cartilage and subchondral bone has 
been reported (22).  Based on published evidence in oth-
er species (15, 17), it is hypothesised that miRs can be 
measured in equine SF and there is an age-related 
change in targeted miR expression. This study aims to 
optimise a method of RNA extraction from SF, to allow 
subsequent RT-qPCR with a select panel of miRs, to de-
termine if differential expression is present between 
young and old sample groups. 

 

Methods and Materials 
Sample Collection 
Equine SF was collected from the right MCP joint of ten 
horses at an abattoir. As an agricultural industry by-
product, collection of these samples is not included un-
der regulated procedures in the Animal (Scientific Proce-
dures) Act 1986 (Amendment 2012), Schedule 2 (23). 
Hence, ethical approval was not required for this project. 
Horses were non-thoroughbred leisure horses. Disregard-
ing age, no further donor history was available. Age 
grouping, sample size and mean ± standard deviation 
(SD) were: young, n=5, age=3.6years ± 0.548 and old, 
n=5, age=22.4 years ± 2.302. Each joint from which SF 
was sampled and histologically graded using the Mankins 
Scoring system (MS). 

 
Hyaluronidase Treatment 
HA is used to catalyse the hydrolysis of hyaluronic acid, 
reducing viscosity of SF, improving ease of sample han-
dling. To determine the effect of HA on RNA yield, 100µl 
equine SF was HA treated, 100µl of untreated equine SF 
acted as a control. Samples then underwent RNA extrac-
tion using a standard TRIzol (Invitrogen, USA)-chloroform 
method. 

 
HA treatment was implemented in preparation of the ten 
equine SF samples (young n=5, old n=5) for RT-qPCR. 
  

RNA extraction 
In development of a method that would produce the 
greatest RNA yield from SF, 200µl HA treated equine SF 
underwent RNA extraction using the miRNeasy Serum/
Plasma kit (Qiagen, UK) per manufacturer’s instructions. 
100µl HA treated equine SF underwent RNA TRIzol-
chloroform extraction, based on previous testing HA 

treatment was deemed advantageous. 
 
Post extraction, RNA concentration in both experiments 
was determined using a Nanodrop spectrophotometer 
(Labtech, UK), with ultraviolet absorbance measure-
ments at 260 nm and 280 nm, allowing RNA purity as-
sessment. 
 
TRIzol-chloroform method was implemented in prepara-
tion of the ten equine SF samples (young n=5, old n=5) 
for RT-qPCR. 
 
Reverse transcription was performed on the extracted 
RNA to produce polyA-cDNA. The reaction was prepared 
using the miScriptII-RT Kit (Qiagen, UK) as per manufac-
turer’s instructions, followed by synthesis within a ther-
mal cycler with conditions outlined below. 
  

RT-qPCR 
Primer selection was based on current availability 
(human primers only), validation in existing studies and 
significance in joint degeneration. MiRBase (24) was used 
to cross reference the mature sequence of each miR, to 
ensure primer compatibility between human and equine 
species. Housekeeping gene U6, commonly described in 
the literature (25, 26), was used as endogenous control. 
Qiagen miScript II primer assays (41) included in the 
study are outlined in table 1. 
 
PolyA-cDNA was diluted with RNase free water. A reac-
tion mix containing miScript universal primer, QuantiTect 
SYBR green fluorescent dye (both Qiagen, UK) and each 
of the selected primers was produced. This and the dilute 
polyA-cDNA was loaded onto a 96-well plate, RT-qPCR 
was carried out in a thermal cycler.  

 
Statistical analysis 
All qPCR reactions were performed in triplicate. Relative 
miR expression was quantified using the 2^-DCT method 
(27), normalised to the U6 reference. Data sets were 
tested for homogeneity using the F max test between 
equal groups. Normality was tested using the Sharipo-
Wilk test for unequal groups, confirming the suitability of 
parametric testing for this data. Student’s t-test was used 
to calculate a p-value. For all data, statistical significance 
was considered at p ≤ 0.05. Statistical analysis was under-
taken using Microsoft Excel (2013, Microsoft, USA) and 
Graphpad Prism 7 (2017, Graphpad Software Inc, USA). 

 

Results 
Effect of Hyaluronidase Treatment on RNA yield 
RNA concentration was markedly increased in non-
treated SF when compared to the treated sample (Figure 
2). Figure 1 presents RNA quality data showing an in-
creased 260/280 value in HA treated SF due to a small 
absorbance at A280, indicating fewer contaminants in 
the 280nm range than the untreated sample. At A260, 
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the range specific to pure RNA, both samples appeared 
of poor quality (normal range 1.8-2) although the non-
treated exceeded. Low A260/230 values were evident 
from both samples, more so in the HA treated, due to 
increased absorbance at 230 nm.  
 

Comparison of RNA extraction methods 
Both samples produced a similar total RNA concentra-
tion, however 100µl equine SF was used in the TRIzol-
chloroform extraction, in comparison to 200µl equine SF 
by the miRNeasy kit method which produced a slightly 
reduced yield (Figure 3). The A260/280 value was greater 
with TRIzol-chloroform due to a lower 280 nm absorb-
ance and a higher absorbance at 260 nm, the normal 
range for RNA detection. 

 
RT-qPCR results 
Differences in expression between young and old age 
groups, in miRs- 16, 146a, 132 were not significant 
(Figure 4, p=0.1775, 0.5639, 0.4129, respectively). SF miR
-140 expression appeared stable between groups (2^-
DCT=0.415 and 0.480, young vs old). Large error bars 
seen for all miRs represent a large SD respective to level 
of expression, (miR-16 O 25.27±3.501 vs Y 17.79±2.948, 
miR-132 O 0.9200±0.1315 vs Y 1.788±0.9417, miR-146a O 
0.0033±0.0018 vs Y 0.0050±0.0021, miR-140 O 
0.4803±0.3491 vs Y 0.4151±0.1804) contributing to non-
statistically significant results. An exception to this is miR-
132, displaying smaller variation in expression in the old 
group only, mean ± SD of 0.920 ± 0.227. miR-16 showed 
the greatest statistical difference between groups 
(p=0.1775), it showed an increase, mean ± SD, in the old 
group 25.265 ± 6.063, compared to young 17.785 ± 
5.105. For all miRs, data was found to be inconclusive (p 
> 0.1). 
 
Analysis of MS data revealed that despite the correlation 
between ageing and OA severity, the samples in this 
study did not reflect this pattern, (mean ± SD) young 3 ± 
1.225 and old 2.8 ± 1.30, all were of normal- low grade 
joint pathology (MS 1-4). Hence for the miRs investigat-
ed, no significant difference could be attributed to age 
when the MS was similar.  
 

To investigate this further, groups of relative high MS 
(3/4) (n=7) and low MS (1/2) (n=3) were created to as-
sess any differential miR expression between graded 
joints, irrespective of age. As this was additional analysis 
of data collected by the original study design, unequal 
groups existed. 
 
No significant difference in mean expression between 
groups for miRs-16, 146a, 140 was seen (Figure 5, p= 
0.6703, 0.6923, 0.6138). Large SD was also seen in the 
above investigated miRs (miR-16 H 23.09±2.344 vs L 
26.79±6.072, miR-146a H 0.0041±0.3491 vs L 
0.0031±0.0018, miR-140 H 0.4803±0.3491 vs L 
0.7511±0.3518) demonstrating inconclusive data. Figure 
5 also shows The difference in miR-132 levels between 
high MS and low MS groups was close to significant 
(Figure 5, p=0.0792). However, this was not explored 
further in this study.  
 

Discussion 
MiR detection in equine SF 
MiR detection from equine SF had not been reported 
previously, having demonstrated an ability to measure 
the expression of targeted miRs, this study provides a 
foundation for future OA biomarker research. This sup-
ports the findings of Murata et al. (15), who confirmed 
the presence and stability of miRs in human SF, a promis-
ing source for analysing functional miRs in OA. Not only 
does a potential OA biomarker in the equine patient offer 
early detection and novel treatment targets, entering the 
equine joint space is common practice, presenting SF as a 
convenient and relatively non-invasive diagnostic tool.  
 

Effect of HA treatment on RNA yield 
This study has shown HA treatment to be advantageous 
in preparation for RNA extraction due to improved sam-
ple handling and reduced viscosity. Platt et al. (28), de-
scribed a decrease in protein-matrix interaction, resulting 
from HA breakdown of hyaluronan, chondroitin sulphate 
and keratin sulphate in SF matrix (29). This can reduce 
pipetting errors, hence volume variations, maintaining 
accuracy and precision, important when working with 
small volumes (30). HA treatment affected RNA values 
(Figures 1 and 2), despite a decrease in total RNA concen-
tration, treated SF demonstrated fewer contaminants in 
the A280 range, indicating improved quality. This could 
be a result of enzymatic digestion of molecules such as 
proteins, detected at this wavelength, although this was 
not explored further. 
 

Comparison of RNA extraction methods 
This study has optimised a method to process equine SF 
easily and reliably for RT-qPCR. Improving RNA concen-
tration and quality, will allow a more accurate represen-
tation of SF miRs and their differential expression in the 
future. Commercial kits offer a time efficient RNA extrac-
tion method. With no kit currently marketed for SF use 

Table 1. Forward sequences of Qiagen miScript II pri-
mers. 

Primer ID Forward sequence 

hsa-miR-16-5p 5’-UAGCAGCACGUAAAUAUUGGCG 

hsa-miR-140-5p 5’-CAGUGGUUUUACCCUAUGGUAG 

hsa-miR-132-3p 5’-UAACAGUCUACAGCCAUGGUCG 

hsa-miR-146a-5p 5’-UGAGAACUGAAUUCCAUGGGUU 

RNU6-1 (human) 5'-CGCAAGGATGACACGCAAATTC 
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without protocol modification, it was important to ex-
plore their efficacy with this sample medium. Compari-
son with Qiagen miRNeasy serum/plasma kit, showed 
the TRIzol-chloroform method to give improved RNA 
concentration and quality (Figure 3). This is likely due to 
constituents secreted by synovial tissue, not present in 
blood plasma, acting as contaminants. The kit contained 
Guanidinine Thiocyanate whilst TRIzol is phenol based, 
this could explain quality values seen in Figure 3 as their 
UV absorption wavelengths differ, 270 nm and 260 nm 
respectively. More extensive testing using an increased 
number kits would allow a more thorough conclusion on 
the best method of RNA extraction from SF.  
 

Use of MS as a histological grading system 
MS is a histological grading system developed to evaluate 
late-stage hip OA (31). Despite its extensive use in degen-
erative joint disease, in early-stages the full extent of 
joint surface pathology is not assessed. Healthy, regener-
ative tissue can also present irregularities that worsen 
the score (32). Significant observer variability has been 
described (33), questioning MS reliability and validity. 
Hence modifications of the traditional MS have been 
developed, McIlwraith et al. (34) described such a system 
in an equine spontaneous OA model, which was utilised 
in this study. Each slide was scored twice by two observ-
ers. Intra-scorer variability was assessed using Cohen’s 
Kappa (35), this suggested weak agreement. With three 
observers, a moderate agreement was seen using the 

Kendall W test however the reliability of this method 
requires further investigation. The Osteoarthritis Re-
search Society International (OARSI) created a Cartilage 
Histopathology Assessment System (OOCHAS), intended 
to be more sensitive to mild OA changes with a more 
consistent observer application than the MS. Assessment 
of both severity (“grading”) and extent (“staging”) of OA 
lesions allow increased reliability, resulting in its recom-
mendation for use as a premium tool for assessing carti-
lage, in place of MS (36). In future studies, OOCHAS use 
would improve the reliability of differential miR expres-
sion in association with OA stage. Further analysis could 
confirm the reliability in the McIlwraith et al. method, 
significant to future studies of this nature due to its spec-
ificity in equine OA. 

 
MiR expression in young vs old age groups 
None of the miRs studied displayed differential expres-
sion between young and old groups. This may be because 
many factors can predispose an individual to OA, includ-
ing joint injury, heredity, obesity, ageing, mechanics, and 
inflammation (37); its complex pathogenesis remains 
undefined. Alternatively, results in this study may be rep-
resentative of miR expression with no differential expres-
sion of the selected miRs between age groups, miRs in SF 
could be disease and not age dependent. This would al-
low further investigations of SF miRs in OA to associate 
differential expression with disease and not ageing, and 
in this instance a greater cohort with a variety of ages 

Figure 2: Total RNA concentration (ng/µl), 
measured by spectrophotometry, from 
two 100µl equine SF samples post TRIzol-
chloroform RNA extraction. Non-HA treat-
ed (49.3), HA treated (32.7). 

Figure 1: Spectrophotometer results for two 100µl samples of equine SF 
post TRIzol-chloroform RNA extraction, Non-HA treated vs. HA treated. 

  Non HA treated HA treated 

RNA conc (ng/μl) 49.3 32.7 

A260 1.23 0.82 

A280 1.18 0.57 

260/280 1.04 1.43 

260/230 0.88 0.34 

Figure 3: Spectrophotometry results for two equine SF samples, each 
receiving a different method of RNA extraction. TRIzol-chloroform 
(100µl) and Qiagen miRNeasy serum/plasma kit (200µl). Note the differ-
ence in starting volumes. 

  TRIzol-chloroform Qiagen miRNeasy Kit 

Starting volume SF (μl) 100 200 

RNA conc (ng/μl) 32.7 31.9 

A260 0.817 0.798 

A280 0.573 0.605 

260/280 1.43 1.32 

260/230 0.34 0.73 
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could be used, unrestricted by age matching. Further 
consideration must be that the selected panel of miRs in 
this study do not alter in ageing, this may not reflect ex-
pression of other miRs not included in this study, increas-
ing the panel of miRs investigated would allow this to be 
determined. 
 

MiR expression in low vs high MS 
Murata et al. (15) investigated miR-132 expression in SF 
of OA patients against healthy controls. They found fibro-
blast-like-synoviocytes and synovial tissues secreted miR-
132 with relatively high concentration, hence changes 
based on damage to these structures could be detectable 
in SF. Of the selected panel of miRs, differential expres-
sion of miR-132 was the most statistically supported 
(p=0.0792) between high and low MS groups (Figure 5). 
Further investigation could test additional donors for miR
-132 expression, to interrogate it as a potential reliable 
indicator of mild joint pathology. This could help deter-
mine patients at risk, improving early management of 
disease. 

 
Exploration of a suitable housekeeping gene 
Although widely used as a housekeeping gene for miR 
detection in cartilage, research performed in circulating 
(serum/plasma) miRs, has suggested U6 is not a suitable 
endogenous control for their quantification (35). In these 
biofluids, a large fluctuation in U6 expression produced 
average Ct values below many miRs tested; miR-16 being 

considered a more stable control. Similar findings existed 
in this study, where miR-16 was detected earlier with less 
variation between Ct values (data not shown). Although 
this finding was neither the purpose of this study nor 
investigated further, it indicates U6 may be present at 
different levels endogenously in SF compared to carti-
lage. Further exploration of miR internal controls in SF is 
required, as their use in normalisation is critical to deter-
mining differential expression.   

 

Limitations 
No attempt to match potential confounders, except age, 
was made due to the lack of animal history. Samples 
were obtained from an abattoir, with information such as 
activity status and medical records unknown, however 
other variables associated with joint change including 
gender, weight/BCS and breed could be recorded. In fu-
ture investigations, it will be essential to account biologi-
cal variability to establish any contributions to differen-
tial expression of miRs. 
 

A low sample size of ten equines (old n=5, young n=5) 
was used, requiring significant expansion to deter-
mine the significance and validity of these results. Horses 
were grouped in wide age ranges, more donors at dis-
crete ages would more reliably allow changes in expres-
sion to be tracked in ageing. 
 

Figure 4: Mean 2^-DCT values in young (n=5) vs old 
(n=5) equine SF, showing the expression of four 
miRs (16, 132, 140, 146a), displaying SD and p-value 
calculated by Student’s t-test. 

Figure 5: Mean 2^-DCT values of miRs 16, 132, 140, 
146a in SF from equine MCP joints of high (n=7) and low 
(n=3) MS, note the difference in sample size. SD dis-
played and Student’s t-test used to calculate p-value. 
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Sample collection was not carried out with RNA extrac-
tion intended. It is therefore unlikely procedures to pre-
vent RNase degradation were used. This could have cre-
ated a disparity between samples, where total RNA 
would not be truly representative. 
 
Understanding of OA pathogenesis is limited. Based on 
evidence associating miR action to homeostatic process-
es within cartilage (14, 38), SF miRs could play a direct 
role in the signalling of changes that occur in the OA 
affected joint. Mechanisms behind individual miRs are 
still under investigation. Lack of evidence in this field 
limits interpretation of this data. 
 

Conclusions 
This study has shown miRs are present and detectable in 
equine SF. HA treatment is beneficial to the quality and 
handling of SF, whilst RNA values from SF can be 
achieved using different methods of extraction. Differen-
tial expression of SF miRs is not age dependent. A trend 
in miR-132 expression in equine SF in low grade joint 
pathologies was seen however significant expansion in 
sample size is required for further interpretation. This 
presents a starting point for future studies - revealing SF 
miRs as potential disease-dependent biomarkers for ear-
ly diagnosis 
 

Further work 
This study used a candidate miR approach to RT-qPCR, 
universal reverse transcription with specific primer tar-
gets, therefore limited to the four miRs selected. Use of 
another study method could provide a greater under-
standing of the miRs present in equine SF and their ex-
pression profiles. MicroRNA sequencing would allow 
these advantages, as well as the potential to detect novel 
miRs in future experiments. 

 

 

References 
1.Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K et al. Characterization of microRNAs in 
serum: a novel class of biomarkers for diagnosis of cancer and other diseases. Cell 
Research. 2008; 18(10):997-1006.  

2.Shamoon M, Hochberg M. Treatment of osteoarthritis with acetaminophen: 
Efficacy, safety, and comparison with nonsteroidal anti-inflammatory drugs. 
Current Rheumatology Reports. 2000; 2(6):454-458.  

3.Pelletier J, Martel-Pelletier J, Altman R, Ghandur-Mnaymneh L, Howell D, Fred-
erick Woessner J. Collagenolytic activity and collagen matrix breakdown of the 
articular cartilage in the pond-nuki dog model of osteoarthritis. Arthritis & Rheu-
matism. 1983; 26(7):866-874.  

4.Pelletier J, Martel-Pelletier J, Mehraban F, Malemud C. Immunological analysis 
of proteoglycan structural changes in the early stage of experimental osteoar-
thritic canine cartilage lesions. Journal of Orthopaedic Research. 1992; 10(4):511-
523.  

5.McIlwraith C, Frisbie D, Kawcak C. The horse as a model of naturally occurring 
osteoarthritis. Bone and Joint Research. 2012; 1(11):297-309.  

6.Perkins N, Reid S, Morris R. Profiling the New Zealand Thoroughbred racing 
industry. 2. Conditions interfering with training and racing. New Zealand Veteri-
nary Journal. 2005; 53(1):69-76.  

7.Secombe C, Firth E, Perkins N, Anderson B. Pathophysiology and diagnosis of 
third carpal bone disease in horses: A review. New Zealand Veterinary Journal. 
2002; 50(1):2-8.  

8.Authority T. Industry Leadership - The British Horseracing Authority [Internet]. 
The British Horseracing Authority. 2017 [cited 15 August 2017]. Available from: 
http://britishhorseracing.com/bha/what-we-do/industry-leadership/ 

9.H. Neundorf R, B. Lowerison M, M. Cruz A, J. Thomason J, J. McEwen B, B. Hurtig 
M. Determination of the prevalence and severity of metacarpophalangeal joint 
osteoarthritis in Thoroughbred racehorses via quantitative macroscopic evalua-
tion. American Journal of Veterinary Research. 2010; 71(11):1284-1293.  

10.Van Weeren P, de Grauw J. Pain in Osteoarthritis. Veterinary Clinics of North 
America: Equine Practice. 2010; 26(3):619-642.  

11.Goldring M, Goldring S. Osteoarthritis. Journal of Cellular Physiology. 2007; 
213(3):626-634.  

12.Cheng G, Jin Y. MicroRNAs: Potentially important regulators for schistosome 
development and therapeutic targets against schistosomiasis. Parasitology. 2012; 
139(05):669-679.  

13.Bartel, D. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell.  
2004; 116(2), pp.281-297. 

14.Min, Z., Zhang, R., Yao, J., Jiang, C., Guo, Y., Cong, F., Wang, W., Tian, J., Zhong, 
N., Sun, J., Ma, J. and Lu, S. MicroRNAs associated with osteoarthritis differently 
expressed in bone matrix gelatin (BMG) rat model. International Journal of Clinical 
Experimental Medicine. 2015; 8(1), pp.1009-1017. 

15.Murata K, Yoshitomi H, Tanida S, Ishikawa M, Nishitani K, Ito H et al. Plasma 
and synovial fluid microRNAs as potential biomarkers of rheumatoid arthritis and 
osteoarthritis. Arthritis Research & Therapy. 2010; 12(3):R86.  

16.Kung L, Zaki S, Ravi V, Rowley L, Smith M, Bell K et al. Utility of circulating 
serum miRNAs as biomarkers of early cartilage degeneration in animal models of 
post-traumatic osteoarthritis and inflammatory arthritis. Osteoarthritis and Carti-
lage. 2017; 25(3):426-434.  

17.Li Y, Tavallaee G, Tokar T, Nakamura A, Sundararajan K, Weston A et al. Identi-
fication of synovial fluid microRNA signature in knee osteoarthritis: differentiating 
early- and late-stage knee osteoarthritis. Osteoarthritis and Cartilage. 2016; 24
(9):1577-1586.  

18.Usman M, Nakasa T, Shoji T, Kato T, Kawanishi Y, Hamanishi M et al. The effect 
of administration of double stranded MicroRNA-210 on acceleration of Achilles 
tendon healing in a rat model. Journal of Orthopaedic Science. 2015; 20(3):538-
546.  

19.Qu, X., Zhao, M., Wu, S., Yu, W., Xu, J., Xu, J., Li, J. and Chen, L. (2014). Circu-
lating microRNA 483-5p as a novel biomarker for diagnosis survival prediction in 
multiple myeloma. Medical Oncology, 31(10). 

20.Wang H, Zhang H, Sun Q, Wang Y, Yang J, Yang J et al. Intra-articular Delivery of 
Antago-miR-483-5p Inhibits Osteoarthritis by Modulating Matrilin 3 and Tissue 
Inhibitor of Metalloproteinase 2. Molecular Therapy. 2017; 25(3):715-727.  

21.Loeser R. Aging and osteoarthritis. Current Opinion in Rheumatology. 2011; 23
(5):492-496. 

22.Murray, R., Blunden, T., Branch, M., Tranquille, C., Dyson, S., Parkin, T. and 
Goodship, A. Evaluation of age-related changes in the structure of the equine 
tarsometatarsal osteochondral unit. American Journal of Veterinary Research. 
2009; 70(1), pp.30-36. 

23.UK Government [Internet]. Animals (Scientific Procedures) Act 1986. [Cited 15 
August 2017]. Available from: http://www.legislation.gov.uk/ukpga/1986/14/
pdfs/ukpga_19860014_en.pdf 

24.University of Manchester and Wellcome Trust Sanger Institute (n.d.) [Internet]. 
miRBase. [Cited 15 August 2017]. Available from: http://www.mirbase.org/  

25.Gee H, Buffa F, Camps C, Ramachandran A, Leek R, Taylor M et al. The small-
nucleolar RNAs commonly used for microRNA normalisation correlate with tu-
mour pathology and prognosis. British Journal of Cancer. 2011; 104(7):1168-1177. 

26.Roa W, Brunet B, Guo L, Amanie J, Fairchild A, Gabos Z et al. Identification of a 
new microRNA expression profile as a potential cancer screening tool. Clinical & 
Investigative Medicine. 2010; 33(2):124. 

27.Livak K, Schmittgen T. Analysis of Relative Gene Expression Data Using Real-
Time Quantitative PCR and the 2−ΔΔCT Method. Methods. 2001; 25(4):402-408.  

28.Platt D, Pigman W, Holley H. The effect of testicular hyaluronidase on the 
hyaluronic acid complexes of human synovial fluid. Biochemical Journal. 1961; 79
(3):605-608.  

29.Rinaudo M, Rozand Y, Mathieu P, Conrozier T. Role of Different Pre-

http://britishhorseracing.com/bha/what-we-do/industry-leadership/


  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Spring 2018  |  Insider Imprint  |  26 

RESEARCH AT LIVERPOOL 

Treatments on Composition and Rheology of Synovial Fluids. Polymers. 2009; 1
(1):16-34.  

30.Jayadev C, Rout R, Price A, Hulley P, Mahoney D. Hyaluronidase treatment of 
synovial fluid to improve assay precision for biomarker research using multiplex 
immunoassay platforms. Journal of Immunological Methods. 2012; 386(1-2):22- 

31.Mankin H, Dorfman H, Lippielo L, Zarins A. Biochemical and Metabolic Abnor-
malities in Articular Cartilage from Osteo-Arthritic Human Hips. The Journal of 
Bone & Joint Surgery. 1971; 53(3):523-537.  

32.Pauli C, Whiteside R, Heras F, Nesic D, Koziol J, Grogan S et al. Comparison of 
cartilage histopathology assessment systems on human knee joints at all stages of 
osteoarthritis development. Osteoarthritis and Cartilage. 2012; 20(6):476-485.  

33.Van der Sluijs J, Geesink R, van der Linden A, Bulstra S, Kuyer R, Drukker J. The 
reliability of the mankin score for osteoarthritis. Journal of Orthopaedic Research. 
1992; 10(1):58-61.  

34.McIlwraith C, Frisbie D, Kawcak C, Fuller C, Hurtig M, Cruz A. The OARSI histo-
pathology initiative – recommendations for histological assessments of osteoar-
thritis in the horse. Osteoarthritis and Cartilage. 2010; 18:S93-S105.  

35.McHugh M. Interrater reliability: the kappa statistic. Biochemia Medica. 2012; 
276-282.  

36.Custers R, Creemers L, Verbout A, van Rijen M, Dhert W, Saris D. Reliability, 
reproducibility and variability of the traditional Histologic/Histochemical Grading 
System vs the new OARSI Osteoarthritis Cartilage Histopathology Assessment 
System. Osteoarthritis and Cartilage. 2007; 15(11):1241-1248.  

37.Miyaki S, Asahara H. Macro view of microRNA function in osteoarthritis. Na-
ture Reviews Rheumatology. 2012; 8(9):543-552.  

38.Xiang M, Zeng Y, Yang R, Xu H, Chen Z, Zhong J et al. U6 is not a suitable en-
dogenous control for the quantification of circulating microRNAs. Biochemical 
and Biophysical Research Communications. 2014; 454(1):210-214.  

39.Kopańska, M., Szala, D., Czech, J., Gabło, N., Gargasz, K., Trzeciak, M., Zawlik, I. 
and Snela, S. (2017). MiRNA expression in the cartilage of patients with osteoar-
thritis. Journal of Orthopaedic Surgery and Research, 12(1). 

40.Si, H., Zeng, Y., Zhou, Z., Pei, F., Lu, Y., Cheng, J. and Shen, B. (2016). Expression 
of miRNA-140 in Chondrocytes and Synovial Fluid of Knee Joints in Patients with 
Osteoarthritis. Chinese Medical Sciences Journal, 31(4), pp.207-212. 

41.Qiagen.com. (2017). miScript II RT Kit - (EN) - QIAGEN. [online] Available at: 
https://www.qiagen.com/us/resources/resourcedetail?id=b112855a-7ce0-4b30-
b493-a5683ee130fd&lang=en [Accessed 3 Mar. 2017]. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  Spring 2018 |  Insider Imprint  |  27 

RESEARCH AT LIVERPOOL 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Spring 2018  |  Insider Imprint  |  28 

RESEARCH AT LIVERPOOL 
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Abstract 
Osteocytes (Ocy), the most abundant cell type in osseous tissue, are essential in bone turnover, yet their 
molecular regulators are largely unknown. Nitric oxide (NO), a small diatomic molecule, serves a range of 
important physiological functions and is synthesized by three nitric oxide synthase (NOS) isoforms. Inducible 
NOS (iNOS) is involved in regulating proinflammatory cytokines, endothelial NOS (eNOS) plays an important 
role in cardiovascular homeostasis, and neuronal NOS (nNOS) is involved synaptic transmission. Further-
more, nNOS has been shown to decrease bone turnover by mediating oestradiol. This investigation set out 
to investigate an nNOS regulatory mechanism on Ocy activity, by analysing Ocy lacunae from ex vivo bone 
samples from mice with the nNOS gene inactivated. Tibiae were dissected out from twenty-three mice and 
scanned at 1.2 microns, using micro computed tomography (µCT). Analysis of the scans showed that Ocy 
lacunae number, Ocy lacunae volume and total bone volume were greater in the nNOS-/- knockout (KO) mice 
compared with the wild-type (WT) controls, but were not significant (P = 0.058, P = 0.092 & P = 0.164 re-
spectively). Ocy thickness was similar in both nNOS-/- KO and WT mice. This study indicates, that although 
not statistically significant, Ocy lacunae number and volume was increased within the nNOS-/- KO mice, sug-
gesting that nNOS derived NO does influence Ocy activity and potentially bone turnover, either directly or 
indirectly via an unknown mediator/pathway. Further investigation analysing nNOS expression, cell death, in 
vivo imaging, with a larger sample size, may provide a more defined picture into a nNOS-Ocy regulatory 
mechanism, that 1) regulates bone turnover, and 2) mediates oestradiol function. 

Investigating the role of neuronal nitric oxide and its effects on os-

teocytes in bone 

Bone is an adaptable, strong tissue that provides vital organs with protection, supports movement, and, in 
part, regulates calcium and phosphate levels within the body. Bone is monitored by three primary cell 
types: osteoblasts, involved in deposition of new bone; osteoclasts, involved in breaking down bone; and 
osteocytes, involved in responding to stresses and strains on the bone, and regulating the activity of the 
two former cell types. In recent years, osteocytes have been at the forefront of bone research due their 
role in bone maintenance and potentially, their role in diseases such as osteoporosis. Nitric oxide (NO), a 
small molecule well known for its role in alleviating angina pectoris (chest pain), is produced by a group of 
proteins called the nitric oxide synthases (NOS). One form of NOS, neuronal NOS (nNOS), is thought to in-
fluence osteocyte activity.  
This investigation attempted to define a new mechanism involved in osteocyte regulation, by examining 
the effects of nNOS derived NO on osteocytes, using mouse as a test organism. Female mice were bred so 
that nNOS was not expressed, meaning the mice did not produce NO from nNOS. Using an imaging tech-
nique called micro computed tomography (µCT), scans of the mice shin bones were produced and ana-
lysed. The results revealed an increased amount of osteocyte lacunae (hollow space were osteocytes are 
located) in the mice without nNOS, compared to the normal mice that had nNOS. However, there was not 
a significant difference. Further investigation using techniques that analyse protein activity and in vivo 
(animal still living) imaging, may provide a greater insight into a nNOS-osteocyte relationship. 

Drew Guidon1 

O steocytes (Ocy) comprise 90-95% of bone cells (1, 
2). Long thought to only serve as mechanosensors, 

it has been suggested that Ocy are actively involved in 
regulating bone remodelling (3), and calcium and phos-

phate homeostasis (1). Ocy are terminally differentiated 
osteoblasts that have become embedded within their 
own extracellular matrix (osteoid). Once encased within 
the matrix (known as lacuna post-mineralisation), osteo-
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blasts undergo distinct morphological and anatomical 
changes, that sees the cells lose organelles and subse-
quently lose their ability to synthesize osteoid (4). 
 
The role of Ocy in mechanosensing is well understood 
(5), but Ocy can also sense and respond to conditions and 
stresses, such as those created from microdamage. The 
latter can result in apoptosis of the Ocy around the site 
of damage (e.g. microcrack), which results in a subse-
quent increase of localized bone resorption by osteo-
clasts (4). This was demonstrated in a study by Cardoso 
et al. (6) study, in which rats were treated with an apop-
tosis inhibitor (pan-caspase inhibitor Q-VD-OPh) and 
their ulnae underwent in vivo fatigue loading. There was 
considerable reduction in Ocy apoptosis and osteoclast 
activity, suggesting that Ocy apoptosis is an important 
localized mechanism in bone regulation. This infers that 
important signalling mediators are released from the 
apoptotic Ocy, which can influence osteoclast activity, or 
Ocy are constitutively producing regulators that control 
osteoclast maturation. However, what is known, Ocy that 
are close enough to the site of microdamage, express Bax 
(1), a pro-apoptotic protein able to mediate apoptosis. 
Whereas Ocy further from the site of microdamage, ac-
tively express Bcl-2 (7), an anti-apoptotic protein. Both 
mechanisms suggest there is an external signal(s) influ-
encing Ocy apoptosis.  
 
Nitric oxide (NO) is a diatomic, highly reactive free radical 
that is an important pharmacological product and is in-
volved in many physiological processes. Best known for 
its potent vasodilatory effects (8), NO acts a gastropro-
tective agent (9), is involved in neurotransmission, and 
inhibits platelet aggregation and smooth muscle prolifer-
ation (10). A previous study by van‘t Hof et al. (11), sug-
gested that NO is an important regulator of bone turno-
ver, specifically, NO derived from nNOS. NO is synthe-
sized by a family of enzymes, the nitric oxide synthases 
(NOS) (12). These include three known isoforms: neu-
ronal NOS (nNOS or NOS1), inducible NOS (iNOS or 
NOS2) and endothelial NOS (eNOS or NOS3) (13). NO is 
produced from the conversion of L-arginine to L-
citrulline, in the presence of molecular oxygen, reduced 
nicotinamide adenine dinucleotide phosphate (NADPH) 
(8), and additional co-factors depending on the NOS iso-
form (13). NO can also be derived exogenously from die-
tary nitrate (9), and from pharmacological agents such as 
nitro-glycerine. Both nNOS and eNOS are calcium de-
pendent enzymes, that are constitutively expressed with-
in their tissues of origin (12), and are highly regulated 
with a low NO output (14). Whereas iNOS is calcium in-
dependent, and is upregulated by pro-inflammatory cy-
tokines (13), that results in a high localized NO output 
over the course of many hours (12).  All three NOS 
isoforms are expressed within osseous tissue (12). Tar-
geted deletion of each NOS isoform gene has revealed 
the role of each enzyme in bone metabolism. eNOS null 
mice show a mild osteoporotic phenotype. Klein-Nulend 

et al. (12) reported that female mice showed a blunted 
response to the presence of oestrogen. This suggests 
that the stimulatory effects of oestrogen on osteoblasts, 
is dependent on localized eNOS derived NO. iNOS de-
rived NO in bone has an antiproliferative and pro-
apoptotic effect on osteoblasts, and enhances bone re-
sorption (14). iNOS derived NO has been identified as an 
important mediator of Interleukin-1 (IL-1) induced bone 
resorption (15). Furthermore, Watanuki et al. (16) 
showed iNOS-/- knockout (KO) mice, following acute fa-
tigue loading, had a blunted response to bone deposition 
and resulted in persistent low bone mass. 
 
The role of nNOS within osseous tissue, is not fully under-
stood. A previous study by van‘t Hof et al. (11), reported 
that within nNOS KO mice, there was a notable increase 
in bone mineral density (BMD), specifically in trabeculae 
bone, and that there was a reduction in bone turnover in 
vivo. Whereas in vitro analysis, saw normal or increased 
bone turnover, which the authors attributed to an uni-
dentified endocrine or neurogenic pathway. van‘t Hof et 
al. (11) focused on nNOS within osteoblasts and osteo-
clasts, but the expression of nNOS within Ocy was not 
analysed.  Osteocyte derived eNOS, has been shown to 
be an important mediator in response to mechanical 
loading (17), but the role of Ocy derived nNOS is not as 
clear. Earlier studies had identified nNOS expression in 
Ocy (18), but as with van‘t Hof et al. (11), its role in bone 
health and disease had not been addressed. Interesting-
ly, Thomas et al. (21), a follow-up study of van‘t Hof et al. 
(11) investigation, demonstrated that a nNOS bone phe-
notype is exclusive to females. The nNOS KO mice 
showed an accelerated bone loss following ovariectomy, 
and subsequent administration of oestradiol showed a 
hyper-responsiveness, with a greater increase in bone 
volume, compared to the controls, suggesting nNOS me-
diates oestradiol. 
 
There are still many unanswered questions regarding the 
function of nNOS on Ocy activity in bone health and dis-
ease. Previous studies have demonstrated the function 
of eNOS and iNOS within bone, and their expression 
within osteoblasts and osteoclasts, but the Ocy has large-
ly been overlooked. This study attempted to expand on 
previous research, by studying the effects that inactivat-
ed nNOS had on female mice tibiae, by analysing Ocy 
lacunae using µCT. 
 

Methods and Materials 
Animals 
Twenty-three hindlimbs, from twelve-week-old female 
mice (ten nNOS WT, ten nNOS homozygous KO and three 
nNOS heterozygous KO) on a c57/bl6 background, were 
taken at random from a pool of 1348 frozen samples. In 
batches of six or seven, they were left to defrost for one 
hour on the day of scanning. Using a size twenty-one 
scalpel, the tibiae were dissected out, cutting the patellar 
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ligament proximally and transecting the tibiae proximal 
to the ankle distally. The tibiae were freed and cleaned of 
most soft tissue (e.g. muscles, ligaments) and stored in 
phosphate buffered saline (PBS). 
 

µCT analysis 
Cross-sectional images of the samples were produced ex 
vivo using a Skyscan 1272 desktop µCT (Bruker, Kontich, 
Belgium). To mount the samples, the stages were 
adapted to ensure the bones remained fixed during the 
relatively long scan time (~3.45 hours). Once loaded, 
stage elevation was ascertained so that the scans were 
directed at the region of interest (ROI) (proximal diaphy-
sis of the tibia, distal to the proximal epiphyseal growth 
plate (metaphysis)). The sample was inserted into the 

scanning chamber, the chamber door was closed and the 
X-ray was turned on (50 kV). The elevation for the ROI 
was recorded, and the procedure repeated for each sam-
ple on their respective day of scanning. Before initiating 
the scans proper, the parameters for each bone had to 
be set: a file directory was made, elevation was entered, 
voxel size set to 1.2 microns, energy filter set at Al 
0.5mm, rotation set to 0.1o and camera resolution was 
set to 4032x2688. 

 
Scan reconstruction and volume analysis 
Reconstruction of the µCT scans was performed using the 
associated Bruker software, NRecon version 1.7.1.0. Be-
fore a scan was reconstructed (of approximately 1000 
out of 1800-1900 slices produced), any potential axial 

Figure 1. A preview slice demonstrating an unreliable scan, due to the presence of movement arte-
facts (arrow heads), that were caused by the sample moving during the scan, and results in incom-
plete image reconstruction. 

Figure 2. 3D reconstructed section of bone (proximal tibia) using CTvox. The red dots indicate Ocy 
lacunae. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

  Spring 2018 |  Insider Imprint  |  31 

RESEARCH AT LIVERPOOL 

shift had to be compensated for. X/Y alignment with a 
reference scan, with a maximum shift of 20 pixels was 
set. Following axial compensation, a slice was previewed, 
and the dynamic range was set with an upper limit of 
0.16. The slice was visually assessed for any artefacts, 
(e.g. movement or noise) (figure 1), then added to batch 
to be reconstructed with all samples. 
 
To analyse the Ocy lacunae and bone volumes, a volume 
of interest (VOI) was selected to ensure that only the 
tibia would be analysed. DataViewer version 1.5.2.7, was 
used to select a VOI of 400 slices on a sagittal, coronal 
and transverse axis. The VOI was then loaded into CTAn 
version 1.15.4.0, and a macro was loaded to clean the 
reconstruction by: removing blood vessels, smoothing 
out the edges (caused by the partial voxel effect), remov-
ing artefacts caused by noise (small concentric holes, 
smaller than Ocy lacunae) (also called despeckle), and 
account for the air bubbles that mimicked structures 
within the marrow space. Using the data produced from 
CTAn, the lacunae density and distribution were visually 
assessed in CTvox version 3.0.0 (figure 2). 

 
Statistical analyses 
A statistical analysis was performed using Statistical Pack-
age for the Social Sciences (SPSS) version 22 for windows 
(SPSS Inc., Chicago, USA). Statistical differences between 
the genotypes were ascertained by independent two 
sample T-tests. An alpha value of P < 0.05 was considered 
statistically significant.  

 

Results 
Bone measurements 
Ocy lacunae number, Ocy lacunae volume (i.e. total vol-
ume that Ocy lacunae occupy within the bone) and total 
bone volume, as assessed by µCT and CTAn, were greater 
in the nNOS-/- KO mice compared to the WT controls (see 
table 1 and figures 3 & 4). However, Ocy lacunae number 
(P = 0.058) and Ocy lacunae volume (P = 0.092) were not 
statistically significant between the WT and nNOS-/- KO.  

Although Ocy lacunae number and Ocy lacunae volume 
were greater in the nNOS-/- KO mice, Ocy lacunae separa-
tion was smaller than the WT mice (P = 0.090) (table 1). 
Interestingly, Ocy thickness was relatively uniform for 
both genotypes (P = 0.933).  

 

Discussion 
Previous research by MacPherson et al. (19) and van‘t 
Hof et al. (11), has shown that both iNOS and eNOS play 
a role in the regulation of bone metabolism. nNOS on the 
other hand has largely been overlooked, there has been 
little research on its role in bone health and disease. 
However, what is understood, nNOS is expressed ubiqui-
tously and constitutively within healthy, adult bone, spe-
cifically within Ocy (11, 20). To assess nNOS as a potential 
regulator of Ocy activity, this investigation analysed the 
effects that targeted deletion of nNOS had on Ocy, by 
quantitatively assessing the Ocy lacunae in nNOS-/- KO 
mice. The analysis revealed that Ocy lacunae number and 
lacunae volume (i.e. total bone volume Ocy lacunae oc-
cupy) had increased within the nNOS-/- KO mice com-
pared to the WT controls, but not significantly. Inter-
estingly however, lacunae thickness had remained rela-
tively uniform in both groups, suggesting that Ocy lacu-
nae microarchitecture had not been altered.  
  
 Previous work by Thomas et al. (21) had demonstrated 
that a bone phenotype in nNOS mice, is exclusive to fe-
males. Furthermore, following ovariectomy on the nNOS 

KO mice, bone loss was greater compared to the WT 
mice. Studies by van‘t Hof et al. (11) and Thomas et al. 
(21) both indicated that nNOS KO mice bone mass and 
trabecular bone volume had increased. This coincides 
with the results of this study showing an increased bone 
volume. However, van‘t Hof et al. (11) and Thomas et al. 
(21) did not analyse Ocy lacunae.  This study showed Ocy 
lacunae separation had decreased (see table 1) and, Ocy 
lacunae number was greater in the nNOS-/- KO mice com-
pared to the WT, albeit not significantly. This suggests 
Ocy lacunae are more densely distributed and in greater 
number within the nNOS-/- KO mice. These findings could 

Table 1. Results of the µCT image analysis. Values are expressed as mean ± SEM. P values 
produced from independent two sample T-tests. OLN, Ocy lacunae number; OLS, Ocy lacunae 
separation; OLV, Ocy lacunae volume; OT, Ocy thickness; TBV, total bone volume. 
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indicate that nNOS derived from Ocy is a primary local-
ised mediator of bone turnover, by directly or indirectly 
inhibiting deposition, stimulating resorption or both. Fi-
nally, the differences in bone volume between nNOS-/- 
KO and WT mice would suggest that Ocy alone, mediated 
by nNOS, regulate bone turnover. This is supported by 
van’t Hof et al. (11) findings that indicated osteoblast 
activity (proliferation and deposition) was unchanged in 
nNOS null mice in vitro, suggesting an extrinsic mediator. 
 
To better understand the effects of Ocy derived nNOS on 
bone turnover, further investigation is required using 
techniques that can provide more accurate results. Using 
mice bred on a Cre-LoxP recombination system, targeting 
nNOS within Ocy, will circumvent any potential systemic 
effects caused by knocking the nNOS gene out from the 
germline (22). Also, as well as providing temporal and 
spatial inactivation within bone, Cre-LoxP may delineate 
a potential secondary source of nNOS that acts on Ocy, 
such as one mediated by a neurogenic or endocrine path-
way as suggested by van‘t Hof et al. (11). Finally, this 
study pushed the capability of the µCT to its reliable lim-
it, using a µCT that can produce higher quality scans at a 
smaller voxel size, such as those that use synchrotron 
radiation, may provide more accurate measurements of 
Ocy lacunae.   
 
To conclude, the results of this study suggest that bone 
volume, Ocy lacunae number and density increased with-
in nNOS-/- KO mice. This suggests that nNOS regulates 
Ocy activity and bone turnover. Further investigation is 
needed to delineate potential signalling pathways and 

mechanisms regulating nNOS expression within Ocy, 
which in turn may reveal a yet unknown key mediator of 
bone turnover. 
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The effect of age on osteoarthritis severity in the equine metacar-
pophalangeal joint  

Emily Stirrup1*, James Anderson1, Mandy Peffers1 

Osteoarthritis (OA) is an important age-related disease in man and other species including horse. To in-
vestigate the level of OA in relation to age, we used two scoring systems applied to the joint tissue post-
mortem; the Modified Mankin Score, to score cartilage samples at the microscopic level and the Kawcak 
scoring system, to assess macroscopic changes in the joint with age. We applied both scoring systems to a 
lower limb joint in horses. Samples were from post-mortem samples from the University of Liverpool Eq-
uine Musculoskeletal Biobank. This study researches the correlation between the severity of OA and in-
creasing age. Overall, it was found that the severity of OA increases with age in horse, and that there is a 
positive correlation between the Mankin’s and Kawcak Score. 

Abstract 
Osteoarthritis (OA) is a common skeletal disease that affects both man and horse. It has multiple contrib-
uting factors, one of which is age. OA severity within the joint can be measured using the Modified Mankin’s 
Score and Kawcak Gross Score. In this study these two systems were used to investigate the correlation be-
tween age and signs of OA disease in 48 samples, from the University of Liverpool Equine Musculoskeletal 
Biobank. We found that there was a positive correlation between the Mankin’s and Kawcak Score, and that 
OA severity increased with age. However there was no significance in OA severity when grouping the sam-
ples into defined age groups.  

1Institute of Ageing and Chronic Disease, University of Liverpool, 

West Derby Street, Liverpool, L7 8TX, UK  

*Work Experience Student 

O steoarthritis (OA) is the most common degenerative 
condition that affects the surface of joints through 

repetitive activity, as surfaces become damaged. It 
affects approximately 10% of men and 18% of women 
over the age of 60 (1). OA is a multi-factorial disease, 
with identified contributors such as obesity, joint injury 
(2), sex and genetics (3). OA incidence increases particu-
larly with age in man and horses (2). In the latter, the 
metacarpophalangeal (MCP) joint is frequently affected 
(4). Due to ageing, the musculoskeletal system is severely 
affected as tissues undergo inevitable biochemical chang-
es such as alterations to the cartilage matrix composition 
(5). This results in a reduction in the quality of life due to 
pain and the loss of movement (6). Many species are 
affected by OA, including horses. In horses, OA has a di-
rect implication on the return back to athletic perfor-
mance, thus affecting the equine industry. Interestingly 
there are reports of high incidence; over 80% of Manga-
larga Marchador foals aged between 12 and 36 months 
have OA, which concludes that OA can establish at a vari-
ety of ages. However it is suggested that OA develops in 
younger equine due to the premature commencement of 

training before the musculoskeletal system has fully de-
veloped, or due to excessive mechanical loads on juve-
nile articular cartilage (7). In OA, cartilage gradually 
roughens and thins, whilst the bone underneath thickens 
to minimise the strain on the cartilage. The bone at the 
edge of the joint forms spurs called osteophytes. This can 
cause the synovium (a specialised connective tissue, 
which lines the inner surface of capsules of synovial 
joints and tendon sheath, which is mainly responsible for 
conserving the joint) to increase in width and create ex-
cess synovial fluid, causing the joint to become inflamed. 
Synovial fluid is a viscous and transparent liquid, which is 
found in cavities of synovial joints and is secreted by 
membranes to act as a lubricant and reduce friction. Fur-
thermore, the capsule and ligaments thicken and con-
tract leading to stiff joints. There are a number of meth-
ods to quantify disease severity. In equine post mortem 
specimens, the severity of OA can be measured using 
histological scoring such as the Modified Mankin grading 
system (8) and macroscopic scoring such as the Kawcak 
Score applied to the MCP joint. The Mankin scoring sys-
tem uses a number of descriptive parameters including 
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chondrocyte necrosis, chondrone formation, fibrillation, 
focal cell loss and reduced safranin-o staining. The Kaw-
cak system uses the descriptive terms partial- and/or full-
thickness erosion, wear lines and palmar arthrosis (9). 
Both scoring systems grade the terms on severity. A high-
er score indicates more severe OA.  

In this study we have histologically and gross scored the 
MCP joints of horses collected from an abattoir as part of 
the University of Liverpool Equine Musculoskeletal Bi-
obank. We hypothesise that with ageing there is an in-
crease in histological and gross scores, and that these 
scores correlate. 

 

Methods and Materials 
Reagents 
All chemicals were purchased from Sigma unless other-
wise stated. 

Sampling  
Ethical approval was not required for this research. This 
is due to the fact that the samples were collected from 
an abattoir, as a by-product of the agricultural industry, 
and the Animal (Scientific Procedures) Act 1986 Schedule 
2 does not state collection from these sources as scien-
tific procedures. Samples of full-thickness equine carti-
lage and subchondral bone were assembled from the 
MCP joint of 48 horses, of varying breeds and genders. It 
should be noted that there was no other pathological or 
exercise history available for these donors. The equine 
range of ages was 3-35 years old. The mean ±standard 
deviation was 16.7 ±7.3.   

Gross Scoring 
Promptly after death the distal surface of metacarpal III 
was inspected by gross observation.  The MCP joint was 
then scored macroscopically using the Kawcak macro-
scopic grading system (9). 

Sample preparation for histological scoring  
Histopathological preparation was executed in the Histo-
pathology Department at the University of Liverpool. For 
each donor a segment of the mid palmar metacarpal 
condyle was placed in 4% paraformaldehyde for 48 
hours. After decalcification in EDTA the segments were 
paraffin embedded and sectioned at 6μm. Staining was 
undertaken with—Haematoxylin and Eosin and Safranin 
O stain/Fast Green. The latter was undertaken so that 
structural differences and alterations in glycosaminogly-
can distribution could be determined. 

Visualisation of histological slides 
Standard sections were observed using an Eclipse 80i 
(Nikon, Kingston-upon-Thames, UK) light microscope at 
x4 and x10 magnifications. A DS-U1 camera (Nikon, King-
ston-upon-Thames, UK) was used to collect images. For 
semi-quantitative histological assessment of equine carti-

lage and subchondral bone, a Modified Mankin’s Scoring 
system was used (8).  

Statistical Analysis  
All statistical analysis was undertaken in Graph Pad Prism 
7.0. Correlation analysis was undertaken using a Pear-
son’s correlation analysis. Statistical analysis between 
age groups was undertaken using analysis of variance 
(one-way ANOVA) with multiple comparisons using Tuk-
ey’s multiple comparison test.  

 

Results  
Correlation analysis 
There was a weak positive correlation between the Mod-
ified Mankin’s Score and the Kawcak Gross Score; r²=0.1 
and the p =0.02 (Figure 1A). The correlation between 
Modified Mankin’s Score and age approached signifi-
cance; p-value = 0.09 but was poorly correlated; r²=0.06 
(Figure 1B). A weak positive correlation was evident be-
tween Kawcak Gross Score and age; r²=0.16 and the p-
value=0.0042 (Figure 1C). 

Age-related changes in histological and gross scor-
ing 
We grouped the samples of age into young (3-5 years 
old; n=7) which were skeletally mature young horses, 
middle-aged (6-13 years; n=4) and old (greater than 13 
years n=35). There was no difference in either Modified 
Mankin’s or Gross Score, between age groups (Figure 2).  

 
Discussion 

This study was undertaken to determine if there was an 
age-related change in OA severity in the MCP joint of 
biobanked samples. The samples were collected from an 
abattoir and submitted to the University of Liverpool 
Equine Musculoskeletal Biobank. In order to assess OA 
disease severity, we undertook macroscopic and histo-
logical scoring. Limited clinical or historical data was 
available on these horses, however details of the age, 
gender and type were known.  We hypothesised that 
with increasing age, there would be an increase in both 
scoring system scores due to an increased probability of 
developing OA. 

There have been many other studies investigating the 
severity of OA and its link with increasing age. One study 
investigated OA using the Mankin’s Score and Kawcak 
Score similar to this study. It concluded that the use of 
these methods of scoring was sound and, in agreement 
with our results there was significant correlations be-
tween the two scoring systems (10).  

There was no correlation between age and the modified 
Mankin’s Score. This may be due to the fact that only one 
section of cartilage/subchondral bone from the MCP 
joint was taken. Therefore assessing a single section re-
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sults in a limited area for the histological scoring to be 
undertaken. However there was a more significant corre-
lation between age and the Kawcak Gross score. This 
could be as a result of the nature of the observation, as 
the whole MCP joint was examined with this method. 
Thus, it would be advisable in order to assess the whole 
joint, to take multiple sections from the condyles in the 
MCP joint and produce an overall score. Indeed the Oste-
oarthritis Research Society International (an international 
non-profit organisation aiming to improve research into 
treatment and prevention of osteoarthritis) mouse joint 
scoring system which assesses the level of OA in mouse 
knees following surgery, recommend serial sections and 
assessment throughout the joint (11).  

Next we grouped the samples based on age to assess if 
scoring changed with age using defined age groups. 
There was no significant difference between young, mid-
dle and old groups.  This may be due to the number of 
samples within each age group.  

There was a significantly greater number of samples 
(n=35) in the old age group ranging from 15-35 years old. 
Thus further studies would benefit from more samples 
from horses in the young and middle age samples rang-
ing from 3-13 years of age. This would increase the statis-
tical power and provide confidence in the data.   

It should be noted that there were no clinical records for 
the population of horses studied, as the samples were 
collected from an abattoir. As a result, it is not known 
whether the donors were lame or had previous clinical 
complications. Therefore it is vital to discover this infor-
mation for further similar studies. This would enable fur-
ther conclusions to be drawn on the correlation between 
age and the development of OA in a horse MCP joint.  

 
Conclusion  
In summary, this study demonstrates there is a weak 
positive correlation between Kawcak gross score and the 
Modified Mankin’s Score. Moreover it is also clear that 
the macroscopic changes in the MCP joint increase with 
age. However the study would benefit from clinical histo-
ry, signs and larger sample sizes within some age catego-
ries.  
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tion. American journal of veterinary research. 2010;71(11):1284-93. 

5. Goldring MB, Goldring SR. Osteoarthritis. Journal of cellular physiology. 
2007;213(3):626-34. 

6. Peffers M, Liu X, Clegg P. Transcriptomic signatures in cartilage ageing. Arthritis 
Res Ther. 2013;15(4):R98. 

7. Souza MVd. Osteoarthritis in horses - Part 1: relationship between clinical and 
radiographic examination for the diagnosis. Brazilian Archives of Biology and 
Technology. 2016;59. 

8. Pritzker KP, Gay S, Jimenez SA, Ostergaard K, Pelletier JP, Revell PA, et al. Oste-
oarthritis cartilage histopathology: grading and staging. Osteoarthritis and carti-
lage. 2006;14(1):13-29. 

9. McIlwraith CW, Frisbie DD, Kawcak CE, Fuller CJ, Hurtig M, Cruz A. The OARSI 
histopathology initiative – recommendations for histological assessments of 
osteoarthritis in the horse. Osteoarthritis and cartilage. 2010;18:S93-S105. 

10. C.M Thomas CJF, C.E Whittles and M Sharif, editor Evidence for significant 
association between chondrocyte apoptosis and the macroscopic and microscopic 
appearance of articular cartilage. OARSI World Congress; 2006. 
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ogy initiative - recommendations for histological assessments of osteoarthritis in 
the mouse. Osteoarthritis and cartilage. 2010;18 Suppl 3:S17-23. 

Figure 2: Bar charts of scoring between age groups. A: Bar chart of the Modified Mankin Score in different age 
groups. B: Bar chart of Gross Score in different age groups. For both A and B young n=7, middle n=4, old n=35. Sta-
tistical analysis was undertaken using analysis of variance (one-way ANOVA) with multiple comparisons using Tuk-
ey’s multiple comparison test. There was no difference in either Modified Mankin’s or Gross Score, between age 
groups (statistical significance defined as p-value<0.05).  
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My research project will focus on the effects of diet on 

mating preferences in Drosophila suzukii.  Drosophila 

suzukii is a spotted wing fruit fly native to South East 

Asia. Due to its serrated ovipositor, the organism has 

the ability to lay eggs in healthy fruits, unlike the major-

ity of Drosophila species, which usually utilise rotting 

fruit. Figure 1 shows the difference in ovipositor of Dro-

sophila suzukii compared with the usual blunt edge of 

most Drosophila species. Due to this adaptation, the 

species has become a major pest, and has been docu-

mented in nine different European countries (1). How-

ever, currently little is known about Drosophila suzukii. 

Therefore, any information on the behaviour and physi-

ology of the species could be vital for determining any 

evolutionary advantage or drive for the switch to their 

unusual diet. My study concentrates on the effects of 

diet on fecundity and mating preferences. Specifically, I 

will study and assess the effects of low protein, and 

presence or absence of gut bacteria. The potential 

effects caused by the gut microbiota could give insight 

into the species’ unusual ability to survive on a low-

protein diet. 

Diet and Dating: How diet effects the mating preferences in flies 
 

Heather Smale, BSc Biological Sciences  

Supervisor: Dr Zen Lewis 
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Figure 1. Comparison of serrated and blunt ovipos-
itor. 
Images taken from Hauser et al. (2) and adapted to 
show comparison between serrated ovipositor of 
female Drosophila suzukii (top) and blunt ovipositor 
of female Drosophila simulans (bottom), as shown 
by a black arrow.  
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Neuroblastoma (NB) is a 

rare paediatric neoplasm, 

caused by aberrant prolifer-

ation of undifferentiated 

neural crest cell progeni-

tors.  NB is the most com-

mon extra-cranial tumour 

occurring in children and is 

responsible for 15% of all 

childhood oncology deaths. 

NB is remarkable due to its 

heterogeneous clinical 

presentation; meaning pa-

tients present with diverse 

tumours with different clini-

cal outcomes. Currently, 

patients are staged into 

“low”, “intermediate” and 

“high” risk groups, based on 

a combination of seven 

prognostic factors. Patient 

stratification dictates NB 

treatment course; however, 

the current system is not 

sufficient for clinical needs 

and patients are often over 

or under-treated, high-

lighting the need for further 

robust NB biomarkers. 

Previous experiments using the chick embryo model, found that cells pre-cultured in hypoxia (low oxygen con-

centration) were capable of metastasis, whereas cells cultured in normal oxygen concentrations were not. Gene 

expression analysis of the metastatic tumours identified five upregulated genes, which are strongly associated 

with poor NB clinical outcomes. These five candidate genes may serve as potential biomarkers, which could ac-

curately predict patient outcomes. My project aims to validate these potential disease markers at both the pro-

tein and RNA level in NB cell lines and tumours, using immunohistochemistry coupled with advanced imaging 

techniques and RT-qPCR. If these candidates are found to be upregulated in the hypoxic samples, patient tu-

mour samples will then be retrospectively analysed. The investigation of these biomarkers could highlight po-

tential novel prognostic factors, which could be incorporated into the current NB stratification system, ultimate-

ly helping to improve outcome prediction and patient survival. 

Validation of Biomarkers for Neuroblastoma Prognosis 
 

Elysia Lindley, MBiolSci Biological Sciences 

Supervisor: Dr Violaine See 

Figure 1. SK-N-AS Neuroblastoma cells imaged at x40 on the LSM-710 confocal micro-
scope. 
The SK-N-AS cells have been fluorescently labelled with GFP (green) and have been 
stained with the nuclear stain TOP-RO-3 (blue) and Ki67 (pink) which indicates areas of 
cellular proliferation. 
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A nimals which require atmospheric 

oxygen (O2) to survive, yet live or 

venture into environments that do not 

provide this essential resource have 

obvious problems. This prompts the 

need for specific behavioural and physi-

ological adaptations to meet the de-

mands of their respiratory require-

ments. 

 

Avian divers and aquatic mammals have 

developed a number of unique physio-

logical adaptations to combat anoxia 

and the problems associated with div-

ing to depths. Although their respirato-

ry organs are inarguably different, both 

face similar problems. O2 intake and 

storage, combating bouyancy, subsur-

face travelling, and the effects of in-

creasing underwater pressures, are all 

challenges that modern day diving birds 

and mammals have developed to cope 

with. Here it is discussed, how through 

evolving unique and specific behaviour-

al and physiological adaptations, these 

animals can live and thrive in seemingly 

uninhabitable environments.   

Oxygen and Anoxia 

The diving behaviour of many verte-

brates is influenced, and sometimes 

dictated by various environmental and 

physiological factors. These include 

prey abundance/availability (1), water 

temperature and topography (2) and 

perhaps the most important, the ani-

mal’s physiology and body composition. 

These physiological and environmental 

components of diving behaviour are of 

paramount importance due to two ma-

jor problems that arise when diving to 

depth; limitations of oxygen stores and 

hydrostatic pressure. 

 

Oxygen (O2) availability is a major as-

pect in sustaining long dives for both 

mammals and birds for continuous pro-

duction of energy (ATP). In periods of 

anoxia (absence of O2), anaerobic respi-

ration becomes the solitary means of 

producing ATP. Anaerobic respiration 

only produces around 5% of the energy 

yielded from aerobic respiration, and 

can cause a build-up of lactic acid in the 

blood as lactate is produced as a by-
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product from glycolysis, which cannot 

be metabolised in the absence of O2, 

thus resulting in fatigue. This reduced 

production of ATP (around 95% deficit) 

– due to the lack of O2 intake – can 

cause cell death, damage to brain tis-

sue, and can ultimately be fatal to the 

animal.  

 

The physiology of diving mammals and 

birds inarguably differ, however the 

challenges they face when undertaking 

a deep dive for; foraging or predator 

evasion (mainly mammals), are identi-

cal. However, both Mammalia and Aves 

require an intake of O2 through their 

lungs and into their blood to survive, 

thus they both will face similar prob-

lems when travelling through an anoxic 

medium, such as water. 

 

 

O2 Stores: Birds & Mammals 

During periods of submersion within 

water (anoxia) aerobic ATP production 

can only occur using the remaining O2 

stored within the body. Oxygen stores 

within both birds and mammals are sit-

uated within the circulatory and respir-

atory system, i.e. the lungs, the blood 

(haemoglobin, Hb) and muscle 

(myoglobin, Mb). However, within 

aquatic mammals the circulatory sys-

tem (Hb) and the muscle tissue (Mb) 

accommodate for the majority of O2 

storage (70-95%), whereas the respira-

tory system is the primary O2 store 

within birds (35-60%) (3). 

 

The anatomy of the respiratory system 

in both birds and mammals play signifi-

cant roles in the proficiencies of perfor-

mance in dive-time and dive-depth. The 

avian respiratory system, unlike the 

mammalian, can be separated into two 

main compartments; the parabronchial 

lung and the surrounding air sacks (5). 

Unlike mammals, avian respiration is 

not driven by a lung diaphragm. In-

stead, the avian lung is driven by ab-

dominal muscular contractions that 

cause the air sacks to inflate and deflate 

(increasing and decreasing in volume). 

This pumps air though the parabron-

chial lung, and into a network of blood 

capillaries called the periparabronchial 

tissue, the location for the gas ex-

change of O2 and CO2 during respiration 

(5).  

 

Avian lung 

Another contrast to the mammalian 

lung, is the avian unidirectional gas 

flow. In mammals, air is inhaled and 

flows through multiple bronchiolar 

tubes towards the alveoli, where gases 

are exchanged and then exhaled. In the 

avian lung, however, air flows into the 

parabronchial lung and then is distribut-

ed into the air sacks (9 in total), the in-

haled gases are then either; exhaled, or 

sent back into the lung depending on 

anatomical position of the air sack 

(behind or in-front of the lung) and 

then finally exhaled as more air is in-

haled. This process allows for multiple 

passes though the periparabronchial 

tissue in the same direction during both 

inhalation and exhalation (6). The ad-

vantage of this is that there is no 'dead 

space' within the avian lung (unlike that 

in most air-breathing vertebrates) as 
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The avian lung: Is there an aerody-
namic expiratory valve? J Exp Biol 
198:2349-2357 

7. Lawton PC (1996) Anaesthesia. In: 
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8. Halsey, L. and Butler, P. (2006). 
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154(1-2), pp.268-283. 

9. Butler P.J, Jones D.R (1997) The 
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mammals, Physiol. Rev., 77, pp. 837
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the inhaled gasses are continually circu-

lated through the periparabronchial 

tissue, and, into the blood (7). 

 

 

Dive Duration and Depth  

As the lungs and the air sacks are the 

main O2 stores, avian divers have to 

employ different behavioural strategies 

than that of mammals to optimise their 

time spent submerged. The effects of 

buoyancy from gasses contained within 

the lungs, actual O2 store capacity, and 

the surface recovery periods required 

to regain spent oxygen are constricting 

factors in avian diving behaviour (8). It 

has been shown that some species of 

avian divers can extend their diving du-

rations past their aerobic dive limit, by 

utilizing anaerobic metabolic pathways. 

Yet, this is not the practice in the major-

ity of cases (9), as maximum submerg-

ence time is usually dictated by the 

amount of O2 stored within the body 

and the diving metabolic rate. Remain-

ing submerged until the oxygen stores 

(lungs and air sacks) are finally deplet-

ed, presents itself as the most efficient 

strategy for avian divers as it extends 

submersion time thus increasing poten-

tial foraging yield. Dive duration is not 

homogenous for any given species, indi-

vidual dives are a response to environ-

mental factors (prey availability and 

location) as previously discussed, re-

sulting in a range of dive times up to 

their physiological capacity.  However, 

dive-time does appear to be positively 

related to dive depth (10).  

 

In diving, increased size is an advantage 

for increasing dive duration and depth. 

This is due to the surface-to-volume 

relationship, heat production, and met-

abolic rate (9). The total body oxygen 

store, appears to be related to body 

mass, however the relative distribution 

of O2 within the respiratory system, 

muscle compartments, and blood, var-

ies. As the mass of avian divers’ increas-

es (example: Murre (1kg), Emperor pen-

guin (25kg)) O2 stores decrease in rela-

tive size (11-12). This is due to a reduc-

tion in mass-specific diving-respiratory-

volume (13), where increases in Mb 

concentrations are more prevalent than 

increases of O2 stores in the muscles 

when scaling in size.  

 

Larger, deep-diving birds, such as the 

Emperor penguin, have an advantage in 

the skewed relative increases in O2 

stores and body-mass. The smaller rela-

tive lungs and air sacks with larger body 

mass helps reduce the effect of buoyan-

cy and risks of increased Nitrogen (N2) 

absorption during deep, prolonged 

dives. In addition, the distribution of O2 

around the body through the muscles 

and the blood decreases the stress on 

the respiratory system to hold gasses 

when diving. Physiological adaptions 

and cardiovascular adjustments, such as 

this, have been seen in various species 

of diving birds, particularly in polar en-

vironments (13). 

 

For endotherms losing heat to the sur-

rounding water can significantly in-

crease metabolism, therefore this can 

be exacerbated in polar regions due to 

not to breathe? Optimal breathing, 
aerobic dive limit and oxygen stores 
in deep-diving blue-eyed shags. 
Animal Behaviour, 76(3), pp.565-
576. 

11. Charrassin, J.B. & Bost, 
C.A. (2001) Utilisation of the oceanic 
habitat by king penguins over the 
annual cycle. Marine Ecology Pro-
gress Series 221, 285–297. 

12. Kato, A., Watanuki, Y. & Naito, 
Y. (2003) Annual and seasonal 
changes in foraging site and diving 
behaviour in Adélie penguins. Polar 
Biology 26, 389–395. 

13. Ponganis, P. and Kooyman, G. 
(2000). Diving physiology of birds: a 
history of studies on polar species. 
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pp.143-151. 

14. Mirceta, S., Signore, A., Burns, J., 
Cossins, A., Campbell, K. and Beren-
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low temperatures. The higher the meta-

bolic rate within a bird, the faster its’ O2 

stores will be depleted, and conse-

quently reducing the dive-time and du-

ration (10). To retain heat many polar 

birds have developed thick coats of 

feathers or fur, or blubber layers, whilst 

peripheral vasoconstriction limits heat 

losses by restricting the transfer of heat 

from inside the body to the cold aquatic 

environment (9).  

 

Locomotion in Water  

Another important physiological factor 

that plays a key role in avian diving abil-

ity is processes of locomotion. Species 

of penguin are flightless, and thus more 

specialised for diving because they do 

not require wings large enough to sup-

port their weight to take flight, which 

would have increased drag when travel-

ling underwater. Travelling through the 

aquatic environment requires the use 

of alternative locomotory abilities to 

that of flight, mainly ‘flippers’ and feet 

propulsion. As O2 stores are constantly 

depleting in full submergence, it is not 

surprising that a high concentration of 

Mb stores are found within the locomo-

tory muscles (13). This dependence on 

Mb stores to create ATP for marine 

travel is similar to that of aquatic mam-

mals, specifically cetaceans (14).  

 

Diving behaviour  

The diving behaviour of birds is limited 

 

Figure 1: Cranial sinus and postcranial air sac systems in birds. All pneumatic spaces are 
paired except the clavicular air sac, and the lungs are shaded. Taken from Sereno et al., 
2008(17)  
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by physiology but directed by the envi-

ronment, and as travelling and foraging 

through an anoxic environment is ener-

getically costly, both mammals and 

birds have to conserve O2 and reduce 

unnecessary energy spent against ener-

gy gained, i.e. energy used for foraging 

and energy gained from foraging. How-

ever, the complex behaviour of both 

Aves and Mammilla cannot just be re-

duced to a simple linear equation.  

 

Various models have been produced to 

predict avian diving behaviour (15), but 

due to these numerous physical and 

environmental constraints it is near im-

possible to predict regular dive times 

for individual species from physiological 

analyses alone. Recently, there have 

been more comparative approaches in 

mapping behaviour and diving ability, 

through using time-depth recorders 

(10) to test previously conceived mod-

els in scientific literature. Although the 

full extent of all individual species div-

ing capability is not yet known, the cur-

rent comparative research approaches 

such as Cook et al.,(10) and the inte-

grated use of monitoring technology as 

well with sound physiological under-

standing will help define their diving 

behaviour and to what extent these 

animals are able to perform in these 

anoxic environments.  

 

Amy Griffiths, Penguin Diving 
1st year Biological Sciences BSc 
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The Case for Laboratory 
Cultured Meat 
Sarah Moody,  3rd year Veterinary Science student 

I n 1931 in an essay for the Strand 

magazine titled ‘50 Years Hence’, 

Winston Churchill propositioned that, 

“we shall escape the absurdity of grow-

ing a whole chicken to eat the breast or 

wing by growing these parts separately 

under a suitable medium” (1).  Eighty 

years later the first laboratory grown 

burger was consumed in London, 

attracting much media attention.  This 

burger was created in Maastricht Uni-

versity in the Netherlands, under the 

lead of Professor Mark Post, at a cost of 

£215,000 (2).  By January 2016 a com-

pany called Memphis Meats, backed by 

Richard Branson and Bill Gates, 

amongst others (3), produced a cul-

tured meat ball for around $1000 (4).  

Furthermore, in August 2017 Professor 

Post stated that “in terms of commer-

cial sales I would say in four to five 

years ... [a burger will be] ... around the 

$10 mark” (4).  The following reviews 

the key issues surrounding conventional 

meat production and evaluates the case 

for cultured meat. 

 

The consumption of farmed meat in the 

UK stands at an average of approxi-

mately 85 kg per person per year (5).  

With an increasing appetite worldwide 

for a high meat diet, and an increasing 

population, consumption is increasing 

(6).  Evidence demonstrates that mod-

ern farming practices have caused in-

credible harm to the environment and 

are unsustainable. They are associated 

with climate change, air pollution, land, 

soil and water degradation, and reduc-

tion in biodiversity (7).  For example, 

the agricultural sector is the largest 

contributor to global anthropogenic 

non-CO2 greenhouse gases, accounting 

for 56 % of emissions in 2005 (8). On 

average, for each kilo of beef produced, 

14,414 litres of water are used (9), 

whilst deforestation in South America 

from 1990 to 2005 reached 57.7 million 

hectares, of which 88.5 % was used for 

agriculture (10).  

 

The use of antibiotics in meat produc-

tion has been criticised as a waste of a 

sacred tool to human medicine and 
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cutting down on their use is part of the 

UK government’s Five Year Antimicrobi-

al Strategy (11).  Antibiotics do not only 

enter or remain within the treated ani-

mal, there is also runoff, which delivers 

small concentrations of the products to 

humans and other organisms, and may 

allow their resident or any infecting 

bacteria to develop resistance.  In the 

USA alone, methicillin-

resistant Staphylococcus aureus (MRSA) 

causes approximately 19,000 deaths 

per year and at a global level, multi-

drug resistant TB is a serious threat to 

health (12).  A geographically extensive 

survey conducted by the World Health 

Organisation (WHO) and the Interna-

tional Union against Tuberculosis and 

Lung Disease revealed that drug-

resistant tuberculosis was ubiquitous.  

Among new cases of tuberculosis, the 

prevalence of resistance to at least one 

drug ranged from 1.7 % in Uruguay to 

36.9 % in Estonia.  High prevalence was 

observed in numerous countries: Henan 

Province, China (10.8 %), Latvia (9.0 %), 

the Russian oblasts of Ivanovo (9.0 %) 

and Tomsk (6.5 %) and Iran (5.0 %) (13). 

 

An additional public health risk sur-

rounding meat production is the poten-

tial for transmitting a range of patho-

genic parasites, bacteria and viruses.  

The bovine spongiform encephalopathy 

outbreak in the 1990’s was responsible 

for the diagnosis of 217 people in the 

UK with Creutzfeldt Jacob Disease, a 

degenerative and fatal brain disorder 

(13).  At the present day in the UK, 

Campylobacter, bacteria found on the 

surface of raw chicken, is responsible 

for more than 280,000 cases of food 

poisoning each year (14). 

 

Processed meat has long been criticised 

for its saturated fat and salt content, 

which are associated with negative 

health outcomes such as cardiovascular 

disease (15).  More recently, under the 

advice of the WHO, carcinogenic health 

warnings have now been placed on pro-

cessed meat products (16).  Nitrites and 

nitrates are added during meat pro-

cessing to maintain sterility of the prod-

uct and thereby lengthen the shelf life.  

The presence of nitrates in the food 

causes the production of nitrosamines 

in the acidic environment of the stom-

ach and in the process of high tempera-

ture cooking (17).  A large scale and 

long-term prospective cohort study 

conducted in Sweden looking at the 

dietary consumption of nitrosamines 

and stomach cancer risk found the risk 

was twice as high amongst women in 

the top quintile of N-

nitrosodimethylamine intake, when 

compared with those in the bottom 

quintile (18). 

 

In addition to environmental and public 
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health considerations, slaughter and 

the farming process inevitably involves 

some level of suffering, something that 

is of concern to an increasing number 

of people.  And whilst the UK prides 

itself on some of the best welfare prac-

tices worldwide, established by the 

Welfare of Farmed Animals Act 2007, 

the same cannot be said for the rest of 

the world. For example, the US, a major 

meat producer, performs poorly in the 

World Animal Protection Index, which 

analyses indicators such as support for 

the Universal Declaration of Animal 

Welfare and laws against causing ani-

mal suffering (19). 

 

So could cultured meat be an alterna-

tive to farming? 

Cultured meat production would un-

doubtedly have its own environmental 

impact.  However, a study by Tuomisto 

et al (20) comparing the impacts of con-

ventional European meat production 

with cultured meat found it uses ap-

proximately 45 % less energy and is as-

sociated with 96 % lower greenhouse 

gas emissions, 99 % lower land use and 

96 % lower water use, although the au-

thors caution that these figures should 

be interpreted as uncertain estimates 

due to the predictive nature (20).  An 

obvious example of the efficiency of the 

cultured meat production system is it 

does not use energy for essential life 

processes, such as locomotion and re-

production. 

 

The issue of carcinogens in cultured 

meat is a more complex argument.  The 

nature of meat is that it contains chemi-

cals that are suspected carcinogens, as 

such red meat is classified as probably 

carcinogenic (21).  Some of the com-

pounds that have been identified are 

also associated with the colour (heme 

iron) and flavour produced during the 

cooking process (heterocyclic aromatic 
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22. Williams J. Meat derived from 
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amines, polycyclic aromatic hydrocar-

bons) (21).  However, it will be possible 

to reduce carcinogenic additives, such 

as nitrites, as well as regulate the fat 

content.  It has been suggested that 

modifying the ratio of omega 6 and 

omega 3 fatty acids could help create a 

healthier meat, this proposition is 

based on the foundations of cultured 

meat being alterable (22).  Additional-

ly, Savir of Supermeats, in conversation 

with Nature, expects no antibiotics will 

be needed (23). 

 

Although cultured meat could reduce 

the quantity of animal suffering, it will 

not directly change welfare legislature.  

The research and development of cul-

tured meat to date has involved the use 

of bovine foetal serum. Retrieving the 

serum requires killing a foetus, and this 

process means supply is limited, costly 

and may contain very small amounts of 

pathogens.  Despite this, a number of 

animal rights and environmental organ-

isations, including People for the Ethical 

Treatment of Animals (PETA), remain in 

support of cultured meat, in favour of 

the proportionally huge reduction in 

suffering and in hope of a future plant 

derived serum (12).  Large scale cul-

tured meat production would require 

an alternative to bovine foetal serum. 

Clearly Post, estimating the production 

of a commercial burger thinks this pos-

sible (4), his opinion is supported by 

substantial positive research surround-

ing alternative medias (24). 

 

As projected by the first in vitro Meat 

Symposium in 2008 held in Aas, Nor-

way, the first commercial in vitro meat 

products will be available in the next 5 

to 10 years at prices competitive with 

European beef (~$5200–$5500 per ton, 

or 3300–3500 euros) (25).  Large-scale 

production and market penetration are 

usually associated with a dramatic price 

reduction (26).  Although Bhat makes 

clear further research is needed on eco-

nomic effects. 

 

A study conducted by Verbeke et al 

(27), containing participants from the 

UK, Belgium and Portugal, reported 

fears of a move to cultured meat, which 

included inferior taste, a change from 

traditional life with the eradication of 

farming, and concerns over product 

regulation (27).  So far, cultured meat 

has been described as “close to meat 

but not as juicy”, by food researcher 

Hanni Rutzler (10).  This is likely ascriba-

ble to the simpler components of mus-

cle culture, in comparison to farmed 

meat composed of blood, cartilage and 

bone.  Research has indicated that in-

cluding these different parts would be 

possible.  One could argue the loss of 

traditional farming, has been in process 

since the 1950s, at the start of the in-

tensive farming revolution.  Further-

more, cultured meat may allow a niche 

for small, ethical and traditional farm-

ing operations to thrive.  In the UK, all 

establishments associated with meat 

processing must apply for Food Stand-

ards Agency approval.  A thorough, 

publicly accessible report could allay 

concerns.  Consumers were glad at the 
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prospect of reduced animal 

suffering (9).  Cultured meat pro-

duction would likely be subject to 

similar regulations as imposed on 

current meat processing business-

es by the Food Standards Agency. 

 

As discussed above, the environ-

mental impact of farmed meat is 

very high and unsustainable in the 

long term.  The environmental 

case for cultured meat is very 

strong indeed.  When coupled 

with the fact that no animals will 

suffer in its large-scale produc-

tion, alongside the overall health 

benefits, the case for cultured 

meat is, in my view, overwhelm-

ing.  Whilst the technology to pro-

duce edible cultured meat prod-

ucts already exists, large-scale 

production of those products is 

still some years away and the ini-

tial cost of cultured meat prod-

ucts may be high compared to 

farmed meat.  The need for more 

sustainable food production and 

to meet greenhouse gas emission 

targets, might induce govern-

ments to use tax systems to subsi-

dise more sustainable alternatives 

such as cultured meat, in the 

same way that renewable energy 

is already subsidised in many 

countries. 
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A Meaty Ordeal: The Science  

Behind Laboratory Grown Burgers 
Stephanie French, PhD Student 

The livestock meat industry is totally 

unsustainable. It is a major contribu-

tor to global warming, responsible 

for 51% of CO2 emissions and 37% of 

methane emissions worldwide (1). 

What’s more, currently a third of all 

land space is used for meat produc-

tion – be that raising livestock or 

producing animal feed. This fraction 

is likely to increase as global meat 

consumption and deforestation 

surge (2), but meat production is 

already close to its maximum capaci-

ty (3). For these reasons – along 

with public health concerns, such as 

antibiotics resistance, and increasing 

regard for animal welfare – a substi-

tute for livestock meat is urgently 

required.  

A potential substitute is laboratory-

grown meat. 

Growth of muscle fibres in laborato-

ries is not a new concept and dates 

back two decades (4). This is thanks 

to a field of research called regener-

ative medicine; which focusses on 

generating and replacing damaged 

tissues and organs in patients. How-

ever, it wasn’t until 2013 that the 

first laboratory grown beef burger 

was produced, by Professor Mark 

Post at Maastricht University in The 

Netherlands (5). 

So how was this burger made? 

The production of laboratory-grown 

meat, else known as cultured meat 

or in vitro meat, can be broken 

down into three stages: 1. Prolifera-

tion of muscle pre-cursor cells, 2. 

Differentiation of pre-cursor cells 

into muscle fibres (also called mus-

cle cells), and finally 3. The assembly 

of muscle fibres into a meat prod-

uct. 

During the proliferation stage, cells 

increase in number. Proliferation 

can be maximised by growing cells in 

an environment similar to that of 

stem cells. For example, surfaces on 

which cells grow can be coated with 

extracellular matrix proteins, such as 

laminin and collagen, to mimic the 

extracellular matrix found around 

cells in the body (6).  

Cells are grown in culture media: a 

liquid containing the nutrients re-

quired for proliferation, mainly glu-

cose, amino acids, minerals, vita-

mins and buffers. The vitamins and 

glucose are sourced from plant ex-

tracts (7) but amino acids often 

come from animal products, e.g. 

fetal calf serum (8), making in vitro 

meat unsuitable for vegetarians. 

However, alternatives such as amino

-acid rich mushrooms (9) or those 

produced by bacteria are being ex-

plored (7).  

Satellite cells are most commonly 

used for in vitro meat. These cells 

are stem cells present in skeletal 

muscle and are responsible for mus-

cle regeneration after injury. Be-

cause of their role in tissue repair, 

they are capable of both prolifera-

tion and differentiation – unlike ma-

ture muscle cells which do not pro-

liferate rapidly enough. The famous 

2013 ‘beef burger’ was produced 

from satellite cells isolated from a 

small animal tissue biopsy (5).  

Once an adequate number of cells 

are available they undergo differen-

tiation. During this stage, satellite 
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cells fuse and spontaneously form myo-

tubes (developing muscle cells) which 

then further differentiate into skeletal 

muscle cells, also known as muscle fibres. 

This process is called myogenesis. During 

differentiation cells undergo hypertrophy 

(increase in cell size) and increase protein 

production. 

In order for cells to differentiate they 

must be seeded onto or around a 3D 

scaffold containing anchor points (10, 11). 

As skeletal muscle cells form, they organ-

ize themselves into fibres – called bio-

artificial muscles – between the anchor 

points. Mechanical stimulation, such as 

muscle fibres spontaneously contracting, 

causes tension and further mediates mus-

cle maturation and protein production (5). 

What’s more, electrical simulation can 

induce the formation of fully matured 

cross-striated muscles (5)! 

These bio-artificial muscles generated 

during the differentiation phase are tiny, 

so fibres must be harvested and pro-

cessed to produce a meat-product. For 

example they can be packed into a patty 

to form a burger (5). Preservatives, e.g. 

sodium benzoate, and additional nutri-

ents, e.g. omega-3, can also be added at 

this stage. 

Whilst laboratory-grown burgers are no 

longer limited to the realm of science fic-

tion, there are still several scientific limita-

tions to current in vitro meat.  

Muscle fibres can only grow to a limited 

size because they lack a blood supply 

which prevents efficient delivery of oxy-

gen and glucose to cells in the centre and 

restricts removal of waste production (5).  

Another major limitation is the lack of 

particular nutrients present in the non-

muscle component of livestock meat. For 

example myoglobin – an iron-containing 

protein responsible for carrying oxygen 

throughout muscle tissue – is not present 

in cultured meat, meaning it does not 

appear red in colour and lacks iron (9). 

However, certain conditions have been 

shown to stimulate production of myoglo-

bin, which could be used to enhance lev-

els of this protein (12).  

Addition of non-muscle components to in 

vitro meat, could also help combat low 

nutrient levels. Currently, research is fo-

cussing on the addition of fat tissue which 

will also help give cultured meat a ‘juicier’ 

taste. Stem cells can be extracted from 

adipose (fat) tissue and differentiated into 

mature adipocytes (fat cells) (13). Co-

culturing adipose stem cells and satellite 

cells could enable the generation of cul-

tured meat containing both muscle and 

fat. 

Whilst it is still not possible to produce an 

exact ‘copy’ of livestock meat in vitro, 

significant progress has been made over 

the past decade – such as Post’s burger – 

and this progress will likely continue. Cul-

tured meat is not yet commercially availa-

ble, mostly due to the current high costs 

and small scale of production. But once 

available, cultured meat will likely provide 

a sustainable solution over livestock meat: 

requiring less water and land space, pro-

ducing fewer greenhouse gases and re-

ducing animal cruelty. Would you reduce 

your carbon footprint by eating in vitro 

meat? 
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Most of us probably think of the 

winter as an unproductive time 

for wildlife and in many habitats 

that is the case. Woodlands large-

ly fall quiet, reed beds lack the 

scratchy chatter of sedge and reed 

warblers and heathlands seem 

desolate and unproductive places 

frequented only by dog walkers. 

In bird terms however, cities come 

alive in the winter and our city 

campus is no exception. Species 

that are elusive or thinly distribut-

ed during the breeding season, or 

that move about in winter, some-

times crop-up in city environ-

ments and two such species have 

visited us this winter. One is the 

cryptically plumaged and crepus-

cular woodcock, a game bird asso-

ciated with, no surprise, wood-

lands and in particular conifer 

plantations. The bird in the photo-

graph was feeding on the ‘lawn’ 

outside the bioscience building in 

November, but because it was too 

weak to fly I picked it up and 

passed it onto a local wild bird 

carer, who released it into the 

wild a ten days later.  It is likely it 

was a winter visitor from main-

land Europe. 

Birds on Campus  

in Winter 
Dr. Carl Larsen, Lecturer & Member of School of 
Life Sciences Ornithological Group 

School of Life Sciences Ornithological Group (SoLSOG) is a new group set-

up by Carl Larsen and students from Zoology and is open to anyone at the 

university to join. If there is enough interest then we will organise field 

trips where you can learn about birds, sharpen your identification skills, 

meet liked-minded people and have a laugh. 

Water rail, Rallus aquaticus, 

(photograph courtesy Steve Jennings) 
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The other is the grey wagtail, 

which, in my opinion deserves a 

more descriptive name taking into 

account its sulphurous yellow un-

dertail coverts. This species typi-

cally nests along streams in up-

lands but comes to our city (and 

campus) in large numbers in the 

winter. While you were doing 

your Christmas shopping in the 

city centre, if you had looked up, 

or listened, you would have no-

ticed these birds, along with pied 

wagtails, roosting in the trees and 

on the buildings along Church 

Street and surrounds.  

Other birds that frequent our 

campus include blue and great tit 

and recently I saw a coal tit on the 

fatballs outside my office window. 

I see many common species most 

days including goldfinch, blackbird 

(whose numbers are swollen by 

Scandinavian imports), carrion 

crow, wood pigeon and wintering 

redwings and fieldfares flying 

over. Both robin and wren regu-

larly sing outside the Life Sciences 

teaching labs and dunnocks have 

been feeding around the base of 

the birch tree where the feeders 

are hanging. Yesterday I saw a 

treecreeper with a mixed feeding 

flock of tits in the trees on the 

main car park and I suspect that 

this is an unusual record for our 

campus. Although unpopular with 

some staff, herring gulls have ex-

ploited the city environment more 

successfully than many species, 

both wintering and breeding on 

our campus buildings. If nothing 

else, they are an excellent biologi-

cal look out for predators and I 

have seen sparrowhawk and pere-

grine flying above while being 

mobbed by these birds. Peregrine 

falcons have nested for ~25 years 

on the Tobacco warehouse but 

have failed for four successive 

seasons now on the Anglican Ca-

thedral. Raven breed periodically 

on the Anglican cathedral, which 

mimics the crags of their more 

typical nest sites, and are identi-

fied by their large size, deep croak 

call and wedge-shaped tail.  

Further afield, Liverpool’s exten-

sive parklands are brilliant places 

to see birds in the winter. Sefton 

Park in the south of the city sup-

ports exotic escapee species such 

as the ring-necked parakeet. 

Left: Kingfisher, Alcedo atthis;  (photograph courtesy Steve Jennings),  

Right: (Woodcock, Scolopax rusticola photograph C. Larsen)          

Blue form of ring necked parakeet, Sefton Park (Photograph courtesy Marc Gannon) 
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Advertise with us 
Are you a national organisation, science industry, academic researcher, 
University student group or local facility? We are looking to publish ad-
vertisements suitable for Life Sciences students at the University of Liv-
erpool. This journal is printed as well as published online for open ac-

cess. For more information please contact  
 

iimprint@liverpool.ac.uk 

There are up to twenty-five of 

these bright green birds and 

amongst them are now three blue 

forms. Kingfisher is a regular win-

ter visitor and can be seen at the 

Fairy Glen by the Iron Bridge and 

dabchick feed within a couple of 

meters of the shore near the ice 

cream parlour. Water rail skulk 

amongst the tree roots and vege-

tation on the island on the boating 

lake and are easiest to see when 

the lake is frozen, or located by 

their high-pitched squeals. 

The change of season sees a 

change in inhabitants with sum-

mer breeders moving into our 

cities and parks and our winter 

residents moving to their summer 

breeding habitats. If you see any 

birds that you would like to identi-

fy or want to know more about, or 

have any sightings that you would 

like us to record, please get in 

touch. C.Larsen@liverpool.ac.uk. 

 

Peregrine falcon, Falco peregrinus, Anglican Cathedral (photograph courtesy Steve 

Jennings) 
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Where are we now? 
Recent graduates tell us their next-step stories 

 Ever wonder where your degree is taking 

you? While you are studying there are 

many opportunities to learn about the 

exciting careers open to Life Sciences stu-

dents. But sometimes it helps to hear 

some real stories from actual Liverpool 

graduates. We asked 4 recent graduates 

to write their story of what they are now 

doing, and crucially how they got there. 

Some true insider insights! 
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W hen I applied to study Zo-

ology at Liverpool in 2012 I 

never dreamt that five years later I 

would be on my way to the Peruvi-

an Amazon to take up a role as 

Senior Field Officer in a conserva-

tion NGO. 

I graduated from the University of 

Liverpool in 2015 with a degree in 

Zoology which I thoroughly en-

joyed. As part of my undergradu-

ate degree I ended up spending a 

semester at Monash University in 

Australia during my second year as 

part of a study abroad scheme and 

had an incredible time. During my 

time at Monash University I espe-

cially enjoyed the conservation 

module and I left university with a 

drive for pursuing a career in con-

servation. 

I decided to apply for a conserva-

tion Masters course to commence 

in the following year (as the post-

graduate loans would start in 

2016/17). I knew competition for 

breaking in to the conservation 

sector was fierce and that a Mas-

ters course would improve my 

odds. I also had the ambition to 

improve my Spanish language 

skills, something I had always 

wanted to do as I have family from 

Latin America. I spent the year 

waitressing part time in my 

hometown whilst volunteering for 

The Wildlife Trusts and getting ex-

perience bird ringing with the local 

ringing group. Once I had saved up 

enough money I joined a Spanish 

language school and lived with my 

uncle in Spain for a short while. I 

was then granted a scholarship and 

a place on the Masters in Biodiver-

sity and Conservation course at the 

University of Leeds. I left Spain at 

the end of summer 2016 to com-

mence my course at Leeds where I 

gained a plethora of new conserva-

tion and research skills. 

I decided I liked the idea of doing 

conservation research and thought 

an MRes would reveal whether the 

academic career trajectory was for 

me. My course was made up of 

both a taught module element, 

practical modules and two sub-

stantial research projects. Safe to 

say there was a lot going on that 

year! 

I have now finished my Master’s 

degree and have been lucky 

enough to have been accepted for 

a job working for a conservation 

NGO in the Peruvian Amazon 

starting in October. The job de-

mands various tasks to be under-

taken, with my primary role involv-

ing taking out volunteers and in-

terns in their field work and guid-

ing them as they collect their data. 

I will also write reports and over-

see databases and work alongside 

Solange Ponce 
Zoology BSc and now Senior Field Manager, Peru 

Me holding a giraffe femur bone that my research team and I found in the Kenyan 
savannah. We were there carrying out research on dietary preferences of the Afri-
can elephant.  
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the local communities in imple-

menting alternative sustainable 

living solutions to try to end the 

deforestation in the area. 

As I am only about to embark in the 

working world myself, I can only 

offer some small advice on what 

has helped me so far. What may be 

beneficial is to gain as many differ-

ent experiences as possible. It is 

probable that one of the reasons I 

was seen as a good candidate for 

the job in Peru is that I have under-

taken field research in Kenya (as 

part of a university module) and 

this provided evidence that I can 

undertake research in different cli-

matic conditions and under an in-

tense work schedule. My study 

abroad experience likely demon-

strated that I enjoy new challenges 

and can adjust to new living rou-

tines which I think again helped me 

in my job application. I think this 

flexibility is valuable to employers. 

Getting experience in your chosen 

area will certainly help, even if it is 

just volunteering occasionally. Simi-

larly, widening your practical and 

or computer software skills (if rele-

vant) is a worthy investment and 

may stand you in good stead later 

down the line. But I think the main 

piece of advice I can give is to aim 

high and work hard for what you 

want. Don’t shy away from apply-

ing for something that excites due 

to the fear that you won’t be able 

to attain it. Take the opportunities 

as they come! 

Me holding an adult North-
ern Gannet (Morus bassan-
us) whilst PhD student Jude 
Lane from the University of 
Leeds (pictured left) attach-
es a GPS tracker to its tail 
feathers. My research ex-
plored the associations 
between foraging strategy 
and resultant evolutionary 
fitness in northern gannets 
on Bass Rock, an island off 
the south east coast of 
Scotland, and home to the 
world's largest gannet colo-
ny. Research was conduct-
ed during the summer as 
part of my Masters degree 
(all GPS loggers were re-
moved and no gannets 
were harmed!).  
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I  studied a 5 year degree in 

Pharmaceutical and Biological 

Chemistry in Mexico and after 

that I decided to do a Master’s 

degree. I wanted to go outside of 

my comfort zone, so I applied to 

the University of Liverpool and 

obtained a scholarship from the 

Mexican government to support 

my postgraduate studies in the 

UK. Despite the fact that English 

is not my mother tongue, I was 

able to obtain a distinction in 

MSc Advanced Biological Scienc-

es.  

Now I work at Bayer Pharmaceu-

ticals, one of the largest pharma-

ceutical companies in the world, 

in Mexico City. Luckily, it did not 

take me long to get a position in 

the company – I heard about the 

position through a colleague, 

which made me realise the im-

portance of networking. I believe 

that having international experi-

ence and having a Master’s de-

gree from abroad were determin-

ing factors in me getting the job. 

Despite not having much experi-

ence in the position, being able 

to communicate in several lan-

guages (in my case Spanish, Eng-

lish, Korean and a little French) 

gave me an advantage over other 

applicants.  

 I work as a ‘pharmacovigilance 

officer’, receiving, reviewing and 

handling reports of suspected 

adverse reactions and incidents 

related to Bayer Pharmaceuticals’ 

consumer health products and 

devices. I have the opportunity to 

meet people of all levels, from 

the CEO of the company to the 

kitchen staff. Everyone here is 

very kind and ready to help you. 

We are given continuous training 

and support to move to another 

area if we want to. Also, there is 

free food! I enjoy the independ-

ence and responsibility of the 

job, but the traffic in Mexico City 

is not something I would recom-

mend! 

When I look back and remember 

my first week living in Liverpool, I 

just laugh. I remember being so 

scared and nervous! I didn’t 

know anyone, I barely under-

stood the accent, and I was so 

cold! I seriously thought about 

giving up and going home that 

month, but then, I discovered the 

warmth and kindness of my class-

mates and the staff at the univer-

sity. I had my first night out in 

Liverpool (and the biggest hango-

ver of my life), I signed up to the 

gym, I developed some good 

friends, and I started feeling at 

home. 

I can say that my time studying in 

Liverpool was incredible and the 

best decision I’ve made. I learned 

a lot academically and culturally, 

and discovered how capable I can 

be. One thing for sure – magic 

happens outside your comfort 

zone. You just need to work hard 

and be brave.  

 

 

Leslie Núñez 
MSc graduate and working at Bayer Pharmaceuticals 

 
Me at the company where 

there are a lot of green 
spaces 
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O n the 18th July 2016, I sat in 

a very hot Philharmonic 

hall and graduated with a First-

Class Honours degree in Molecu-

lar Biology and Biotechnology. 

Later that day, it was also an-

nounced that I had received the 

‘Kirby Johnson’ prize for the high-

est grades in my degree course. 

Liverpool was a fantastic place to 

work, study and socialise and it 

was there that I met my partner 

of nearly four years, made the 

greatest of friends, played 7-a-

side football and discovered my 

passion for bacteriophages.  

On a cold, windy autumnal morn-

ing in October 2014, I sat waiting 

for the 9am virology to start. It 

was in this lecture that the con-

cept of a bacteriophage (or 

phage) – a virus that infects bac-

teria, was introduced and I was 

hooked immediately! As the 

most abundant non-living entity 

on the planet, phages outnumber 

their bacterial host by a factor of 

10 to 1. They specifically target 

their host and hijack the cellular 

machinery to make more phages, 

before killing the cell and releas-

ing new viruses. This property 

makes them an attractive candi-

date in the fight against antibiotic

-resistant infections, in the form 

of ‘Phage Therapy’. It was after 

these lectures that I started to 

investigate the best place to con-

duct research on phage biology 

and in February 2016 I was 

offered a fully funded PhD posi-

tion at the University of Cam-

bridge.  

It is in the Department of Bio-

chemistry, with a leader in the 

field, that I am now a PhD stu-

dent researching the phages of 

Pseudomonas aeruginosa. As the 

most abundant biological entity 

on the planet, phages can be 

found everywhere! In Cambridge, 

we get our phages from river 

samples taken from the River 

Cam as this is the fastest and 

most sure-fire way to find novel 

phages. My research involves 

building up a bank of new phages 

isolated from the environment 

and characterising them to iden-

tify the best candidates for a 

phage therapy product.  

 Megan Booth 

Molecular Biology and Biotechnology BSc and now PhD student at Cam-

bridge 

My induction into Corpus Christi 

college – drinking from a ceremo-

nial drinking horn.  
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Outside of the lab I really enjoy 

teaching and I have just finished 

teaching an intensive four-week 

summer programme for students 

interested in studying medicine. I 

have also demonstrated in the 

undergraduate practical sessions 

in the teaching lab. I have found 

that such activities are a great 

confidence booster and they are 

hugely rewarding. I have recently 

been chosen as the ‘Early Career 

Representative’ for the Prokary-

otic Division of the Microbiology 

Society and I am also the student 

editor for ‘The Biochemist’ maga-

zine, run by the Biochemical Soci-

ety. For some ‘me time’, I enjoy 

horse riding and going to the 

gym. (Exercise is quite important 

as there always seems to be cake 

brought to tea-time!) I also had a 

very fleeting television career 

when I signed myself and my 

partner up to appear on the BBC 

gameshow pointless! Our epi-

sodes should be aired sometime 

later in 2017!  

The life of a PhD student is some-

times a weird limbo between 

being a student and an adult 

with a ‘proper job’ and is very 

challenging. However, the flexi-

bility and unique opportunities to 

discover new science and be-

come an expert in your area, dra-

matically outweighs this frustra-

tion (student discount helps too). 

A PhD is a challenge for many 

reasons and a huge test of your 

tenacity. It is only as I approach 

the end of my first year that I 

finally feel like a PhD student, 

rather than an undergraduate 

masquerading as one.  

To students considering applying 

for a PhD, or to those just about 

to start – the PhD project is very 

important, however also make 

sure you take some time to pur-

sue your own interests. Whether 

this be outreach, teaching, 

writing or even consulting, join 

societies offering new, but com-

plementary activities as they will 

help you to enhance your skills 

and become a better researcher. 

The world of academia isn’t for 

everyone so you should prepare 

your CV for future employment 

in other industries. However, 

most importantly, have fun! Your 

PhD is a crazy, exciting, immer-

sive, rollercoaster ride of experi-

ences and emotions. Work hard 

and enjoy yourself!  

 I dragged my poor, unsuspecting boyfriend 
onto Pointless in Sept ‘16. Aired in late  
2017 
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I  applied to do Biological and 

Medical sciences at the Uni-

versity of Liverpool for the 2013 

intake. If I am honest I didn't 

know a lot about the city or the 

course when applying, It was 

however, one of the best deci-

sions I have made. The course 

has given me a solid foundation 

for a career involving science and 

the city has never ceased to keep 

me entertained. Both the course 

and the City have helped to 

springboard me into the next 

chapter of my life. 

I am now still in Liverpool study-

ing Medicine as a graduate. Dur-

ing my first degree the excellent 

support from my academic advi-

sors and the university career 

support staff helped me find a 

career I could find a passion in. 

As I am sure most people know 

gaining a place in Medical school 

is not easy. I had made the deci-

sion to apply part way through 

my second year and the prepara-

tion started from then. I think the 

most important thing to do when 

considering a career in Medicine 

is to gain an understanding of the 

importance of caring for other 

people and seeing whether that 

is something suited to your per-

sonality. I began volunteering 

with charities combating mental 

illness and I also gained employ-

ment as a care worker. I must 

stress that these aren’t just activ-

ities to bulk up your CV (although 

they do that to) they really give 

you an appreciation of working 

for the benefit of others. Clinical 

shadowing and a high entrance 

exam score are also vital! As for 

rejections, I got 3 and It could 

quite have easily been all 4. So, If 

you are reading this after missing 

out on Medical school, don’t give 

up. One offer is all you need and 

you will get it eventually if you 

stay focused! 

My advice to undergraduates 

regardless of your chosen path 

(and to those who don’t have 

one yet) is to really make the 

most of your time at university 

and invest in your future whilst 

you are doing your undergradu-

ate. Be sure to take time out of 

studying (or partying!) to consid-

er what you want out of life. Gain 

experience in as many career 

fields as possible, so you can 

make a well-informed decision 

about your path post-graduation. 

My advice to those considering 

Medicine would be to get started 

early if you can. In second year 

you will have a lot more disposa-

ble time on your hands. It is 

therefore a really good oppor-

tunity to get involved in volun-

teering initiatives and gaining 

clinical exposure. It isn’t however 

the end of the world if you have 

to take a bit of time out after 

your degree to gain a little expe-

rience and have a well-earned 

break ! I would also recommend 

talking to as many Doctors and 

Medical students as possible. 

They are in the best position to 

tell you about the pro’s and con’s 

of the career. 

So the make to most of your time 

in Liverpool, your undergraduate 

degree is fantastic time for 

growth and development. 

 

 Christopher Beoku-Betts 
Biological and Medical Sciences BSc and now studying Graduate Medi-

cine 
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A s well as focusing on your studies, it is important to make plans for your future after graduation. Whether you 
are starting to think about planning your career or you are looking for vacancies in your chosen profession, the 

School of Life Sciences, and the University, are dedicated to helping their students achieve their goals.  

As part of their Employability Initiative, the School hosted their second ever Employability event in November 2017 
with the help of the Careers & Employability Service. From all years of study, over 200 students attended the confer-
ence, set to be an annual event. The aim of the event was to introduce the wide range of career opportunities availa-
ble to Life Science graduates; highlighting those not just directly related to your degrees.  

The conference consisted of presentations from professionals and graduates alike from varying sectors, with both 
panel discussions and networking opportunities scheduled in to allow students to make the most of the face-to-face 
time with potential employers. 

There were also stands hosted by: Teach First, Unilever, Civil Service Fast Stream, Insider Imprint, University of Liver-
pool’s Internship Scheme, Careers & Employability Service, and The University of Leeds. 

Read on to learn more about our presenters, and if any of these strike your interest head over to School’s Employa-
bility webpage where you will find recordings of certain talks. 

SLS Employability Fair 
Catch up on the School’s first semester employability fair 

The Civil Service 

The Civil Service supports the government of the day. At 
the heart of it, the duties of civil servants are to implement 
policies and laws impartially. With the Civil Service covering 
a wide range of departments and executive agencies, the 
variety of jobs on offer is enormous, all with their own fields of specialism. 

A graduate employer consistently ranked in the top five of The Times Top 100, the Civil Service employs over 420,000 
people from across the UK. The Fast Stream, aimed at graduates, is their accelerated career path to leadership with 
supported development. They encourage applications from students of all degree disciplines with roles available in vari-
ous sectors, professions and locations. 

Two current second year members of the Fast Stream and Life Science graduates, Kate Stulberg and Hannah Smallwood 
(a UoL alum), presented at the SLSE conference. They discussed their personal journeys to Civil Service and how exactly 
the programme was structured.  Attendees learned about the internships that are available across all departments from 
Department of Health to the Department for Environment, Food & Rural Affairs to HM Revenue and Customs. Not only 
did they learn about the programme but were given hints and tips on the application process gained through Kate and 
Hannah’s personal experiences.  

Amal Abdulkadir 
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Environmental Consultant 

As an Environmental Consultant work with the government or commercial outfits to 
address a variety of environmental issues, from air, land and water contamination to 
environmental impact assessments of new buildings. They look at limiting damaging 
effects on the environment, or eliminating them all together, by offering expert ad-
vice and assessment services. An environmental consultant can be a generalist (work 
across a range of areas) or a specialist (focus on one area).  

Paul Scott has been working in both academia and consultancy in the UK and Ireland since graduating from University of 
Liverpool in the mid 90’s. For the last 12 years, he has managed his own ecological consultancy, Scott Cawley Ltd. and 
has a team of 10 staff including several graduate ecologists. He is a Chartered Ecologist and Environmentalist and has 
been involved in some of the major infrastructure projects in Ireland. His hobby, which he has affectionately coined 
‘doing an Attenborough’, is rummaging through the undergrowth in search of protected species.   

Fortunately, Paul was happy to return to Liverpool and present a talk on his field at the SLSE conference. His presenta-
tion, in between explaining to those not in the know what exactly an environmental consultant and an ecologist does, 
outlined the key attributes of successful budding environmental consultants, and how to get the attention of potential 
employers. He spoke about his own journey to working as a consultant, and provided attendees with tips of the trade. 

Science Journalism 

Various mediums circulate new discoveries, from technical papers (science 
writing) for the specifically interested, to news outlets (science journalism) 
for the masses. With 2.5 million new scientific papers published each year in 
28,100 peer-reviewed scientific journals, and the number of publishing scien-
tists increasing at 5% per year, the market is increasing as is the need for 
people who can effectively communicate science writing into news, as well as 
those who can wade through the hoop-la and unearth the facts. 

New Scientist, established in 1956, is a magazine dedicated to bringing the 
latest science and technology news to their readers from all over the world.  
Science journalists for this magazine not only strive to impart the latest sci-
ence and tech news, but also the social and cultural impacts these discoveries 
result in. Since its conception as a magazine print, New Scientist has been 
expanding mediums, with book spin-offs, a website and an app to keep scien-
tists and non-scientists abreast of the scientific and technological progress 
made. At the last estimate, 1 million people from all around the world read 
New Scientist every week. 

The guest speaker at the SLSE conference was Rowan Hooper from New Sci-
entist. Rowan has a PhD in evolutionary biology from the University of 
Sheffield. He worked as a biologist and science editor in Japan, and had a posi-
tion in a physics lab at Trinity College Dublin, before joining New Scientist in 
2005 as a reporter. He is now managing editor at the magazine, creative di-
rector of New Scientist Live and a published author. His latest book on people at the extremes of human potential, Su-
perhuman, will be published in 2018. Rowan’s talk compared the avenues of science communication, covered his own 
route into science journalism, and gave attendees insight into what he has learned along the way.  

“Science writing is about 
explaining complex ideas 
that nobody wants to keep 
secret; science journalism 
is about explaining things 
that everyone can under-
stand but that some might 
prefer to keep buried.”- 
Michael Kenwood, former 
editor of New Scientist. 
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Patent Attorney 

If you have a degree in science and an interest in 
law, a career in Patent Law may be for you. 

Patents protect new tangible scientific inven-
tions, from medical devices and circuit boards to 
new chemical entities and coding algorithms. 
Patent Law is a branch of intellectual property that deals with these new inventions, with the scope of inventions that 
are eligible for patent protection growing so is the need for patent attorneys. A patent attorney works to protect inno-
vations by drafting and filing patent applications, enforcing them against infringers and invalidating other patents. With 
on the job training, a good scientific degree and the willingness to learn (and take exams); you could be qualifying as a 
patent attorney in 4-7 years. 

Our speaker this year was Simon Bradbury, who graduated back in 1998 with a BSc in Genetics from the University of 
Liverpool.  He wanted to find a career that utilised his degree, but was not lab-based, and stumbled across (and heard 
great things about) the Patent Attorney profession, which required a scientific degree but no prior legal qualifications. 
He is now a Partner and Head of Life Sciences at Appleyard Lees, which is one of the leading Patent and Trade Mark 
Attorney firms in the UK and Europe and still loves his job after 16 years.  

IBM 

Founded in 1911, IBM (International Business Machine) is a billion-dollar global 
technology company that has continually evolved over the last 100 years to not 
only adjust to the technological trends through the decades but also be a leader 
in the market. Formerly a commonplace seller of hardware, they have since ex-
panded to offer ‘cloud-based and cognitive solutions’ to their clients, providing 
services to major companies including the capability to gather and analyse data 
in short amounts of time using their famous Watson.  

You need a computing degree to work for IBM, right? WRONG. IBM are known for their graduate jobs in various path-
ways:  Consulting, Technology, Design & Business with the majority of roles in each pathway open to nearly all degrees 
(Business Consultant, Technology Consultant, Strategic Analyst, Software Developer, Design Researcher and many 
more). IBM pride themselves on allowing graduates the ability to gain experience across various fields as well as the 
chance to change job, profession and industry while working for them. For those of you looking to explore research, 
IBM have that covered too. They carry out research at their Computation Biology Centre, using information technology 
to overcome challenges and make new discoveries in experimental biology. 

Two graduate employees from IBM delivered a talk at the SLSE conference, David Tierney, a Life Sciences graduate and 
his colleague Ben Arnold. Their presentation introduced attendees to IBM Watson in an interactive display, provided 
information on what they do at IBM, how they’re influencing industries around the world. They also spoke on why 
working for IBM is like no other experience, and about their personal journey at IBM.  
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Clinical Scientist 

The NHS is one of the biggest organisations in Europe, employing 1.3 million people in a wide range of jobs related to 
healthcare. Clinical Scientists make up a huge part of diagnostic medicine and are involved in around 70% of all clinical 
decisions made in the NHS. 

Clinical Science combines principles of various scientific subjects; biology, chemistry, medicine and experimental biology 
with the aim to provide the necessary laboratory information and techniques required for the diagnosis and treatment 
of disease. The careers available broadly fall into three categories, Life Sciences, Physical Sciences and Physiological 
Sciences and can be laboratory based, patient facing or a mixture of the two. Clinical Scientists are required to develop 
innovative research methods to bring them into Clinical practice and provide expert advice to Clinical teams across the 
whole country.  

The conference guest speaker this year was Katy Jones. Katy began training as a Clinical Scientist in Cytogenetics in 2006 
in St Mary’s Hospital, Manchester. From registering as a Clinical Scientist, to her current work as a Higher Specialist Sci-
entific trainee (HSST) in Liverpool Women’s Hospital,  Katy is well on her way to becoming become a Consultant Clinical 
Scientist and is also in her 4th year of a professional doctorate. Katy’s talk introduced attendees to the wide range of 
careers available to people wanting to work in science within the NHS. Attendees were provided with information re-
garding the Clinical Scientist Training programs (STP and Route 2), as well as the possible career prospects once regis-
tered. 

Want to learn more about a career in clinical science? Visit http://nshcs.org.uk 

http://nshcs.org.uk/
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Unilever 

Unilever is one of the largest fast-moving consumer goods companies in the world. They 
make some of the world’s most loved brands: Dove, Axe, Lipton and Knorr, to name a few. 
With over 400 different brands sold in 190 countries, 2.5 billion people use their products 
every day. The company aims to make a positive impact through their brands, with a focus 
on helping communities and the environment. 

Unilever takes care of the whole supply chain of their products, from development and 
sourcing right through to production, marketing and distribution. As a result, they have 
amazing job opportunities for students in their graduate scheme the Future Leaders Pro-
gramme. With job opportunities across seven distinct functions: Marketing, Customer Management, Human Resources, 
Supply Chain Management, Financial Management, Technology Management and Research and Development, this pro-
gramme is a popular one among graduates. 

Two graduates currently on the programme attended the conference, Jane Carson and Niall Fay. Jane graduated with 
an MSci in Biological Sciences from University College London in 2016 and currently works in Research and Develop-
ment at Unilever. Niall, who graduated from Lancaster University with degrees in Management and Advanced Mar-
keting Management, is now undertaking his first placement within the Marketing function. They discussed what the 
company looks for in candidates and Future Leaders, and explained the Unilever selection process. Their personal ac-
counts of the hiring process was detailed to those present, as well as more about some of the company’s most iconic 
brands and how they can impact billions of lives around the globe for the better.    

Professional Services 

PwC are the UK's largest professional services firm, with a global presence in over 150 
countries, and is one of the Big Four auditors, along with Deloitte, EY and KPMG. PwC 
are professional advisers that help their clients solve complex business problems and 
aim to not only help businesses run better but enhance their ability to add value and 
make a positive impact on both society and the economy. 

James Pearson from PwC spoke at our conference. James graduated from the University 
of Leeds with a degree in Biology, before joining PwC on the Assurance graduate 
scheme in 2014, and has since qualified as a Chartered Accountant on the back of the training provided by PwC. James 

is now on secondment to the Student Recruitment team, aiming to attract the bright-
est talent across the UK to PwC.  His presentation gave attendees a greater under-
standing of what PwC do, the opportunities they offer and the impact the firm is mak-
ing on society. James also gave us an overview of the recruitment process, tips on 
applying and more on his own journey from Biologist to Accountant.  

Legal Consulting

TaxAssurance

Deals Actuarial

Technology

PwC 
business 

areas Ranked the Number 1 Graduate Employer in the Times Top 100 

for the last 14 years, PwC offer a wide range of roles in the finan-

cial sector. 
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Further Academic Study 

One common route life science graduates take following graduation is to continue in higher education. There are many 
different options for further academic study. One option could be to convert to a graduate-entry programme such as 
medicine or veterinary, and another option could be to complete a master's degree or a PhD. 

The SLSE conference was able to get speakers from a graduate-entry programme, a master’s course and a current PhD 
student to provide attendees with insight into the different avenues they can take into postgraduate study. 

 

Graduate Entry Medicine 

Graduate Entry to Medicine (GEM) is usually a 4-year medical program where the applicants are graduates, rather than 
undergraduates coming straight from school. In Liverpool, the GEM programme incorporates the first two undergradu-
ate years into one, and after this first year, the GEM students join the third year undergraduate medical students. They 
will then be in this cohort for the rest of their program, graduating with the fifth year students in their fourth and final 
year. 

A member of admissions team from the University’s Liverpool School of Medicine presented at the conference. Their 
talk provided a brief overview of the things that graduates should consider when thinking of applying to postgraduate 
medicine and covered the basics of academic and non-academic criteria and admissions tests, as well as gave attendees 
advice on what to do pre- and post-application. 

 

PhD’s 

A Doctor of Philosophy (PhD) is a higher research degree that involves three or more years of independent research on 
an original topic or concept, with support from one or more academic supervisors. The work done culminates in a the-
sis, the main assessment of a PhD, describes the research undertaken, and outlines its significant original contribution 
to knowledge in its field. 

Emma Price, a current PhD student at the University of Liverpool presented a talk on postgraduate study. Following 
graduation from the MBiolSci programme, Emma is now half-way through a PhD she is undertaking with the Neurobiol-
ogy Research Group in the Institute of Translational Medicine.  

In the course of her talk, Emma discussed the reasons for choosing a PhD, as well as what to consider when applying. 
She spoke on her own path to getting a PhD as well as the research she is carrying out and the opportunities for career 
development she has gained.  

 

Master’s Degree 

There are many reasons for completing a Master’s degree after your third year at university. One is that you wish to 
work in a field you have already studied, let's say pharmacology, but you know that you need extra development and 
knowledge to move on with your career. On the other hand, perhaps you wish to convert to a different area of scientific 
study and need to study to break into this field.  

Members of the University of Leeds attended the conference to discuss their MSc in Biopharmaceutical Development 
formed in partnership with the world-leading drug development business, Covance. The course aims to deliver a sector-
leading Masters course to train future leaders in the biopharmaceutical industry. They explained the course structure, 
the mix of taught modules and industrial placements and how it is set up for students to develop an integrated under-
standing of the full biological drug development pathway.  
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Careers in Education 

If you are reading this, you are probably already pro-education and well versed in both the practical side (think jobs, 
think economy) and its cultural significance (it is billed as a ‘hallmark of civilised society’). At the end of the day, we can 
all agree on its importance and with so many routes into becoming an educator, you are spoilt for choice.  

We were fortunate to get two of our own alumni, to come present talks on the careers they both chose after gradua-
tion. One embarked on teacher training and is now a secondary school teacher; the other stayed in higher education 
and is now a lecturer. 

 

Get into Teaching  

Andrew Walker graduated from the University of Liverpool in 2016, after attaining a degree in Biological Sciences. He 
went on to train at Edge Hill University the following year, where he completed his PGCE teacher training gaining expe-
rience in both the state and religious school systems.  Since completing his teacher training, Andrew has started work-
ing in Ridgeway High School in Birkenhead as a teacher of science. Currently, he plans and facilitates the school’s sci-
ence alternative provision programme in addition to his role as a science teacher.  

Having only just recently graduated and fresh out of teacher training, Andrew delivered invaluable guidance on the 
teacher-training programme and what it means to be a young teacher in today’s fast changing education sector. 

Working in Academia 

Becky Jones got her degree in Zoology at the University of Liverpool before embarking on her PhD in Behavioural Ecolo-
gy, also at the University of Liverpool. During her PhD, Becky thoroughly enjoyed demonstrating and the opportunity to 
give a couple of lectures. This encouraged her to investigate a career in teaching, which she was able to do when 
offered a temporary one-year teaching post, again at Liverpool. Since then, she has started a two-year Teaching Fellow 
post at the University of Sussex in Brighton.  

With Becky at the beginning of her career path, she gave an informative talk on how she got where she is. Her talk cov-
ered her route into teaching, what duties are involved as a teaching fellow and talked attendees through how they, as 
students, can gain experience now to start them off on the path to becoming a lecturer.  

What’s next for SLS Employability?  

The School have a few exciting things planned: 

 Another Employability Conference is being planned for November 2018, so more information will be coming to 
you after the summer. 

 In collaboration with the Careers and Employability Service, there is an Academic Advisor (AA) employability 
training video currently in development at Institute level, so your AAs will be able to better advise you in a wide-
range of employability matters. 

 At School, Institute, and University level, they are looking to develop resources for AAs to help them signpost 
students.  

 The School are hoping to develop their LinkedIn network to allow us to keep in touch with alumni more directly.  

 An internship module similar to that currently running for MBiolSci students is in development. This will allow 
second year students to undertake and gain credit for a placement in the summer after their second year. So, 
while you can still undertake voluntary internships, this module will be included in your 120 credits.  

Don’t forget, the School have a webpage dedicated to providing you with the resources you need regarding employabil-
ity with the latest on job vacancies, information about work experience and the various career paths you can follow.  
You can also find the videos of the majority of the talks from the conference here for your perusal. 

As always, make use of the resources available to you. Visit the Schools’ Employability Webpage for Careers advice; go 
across the road to the University’s Careers & Employability Service, and reach out to your Academic Advisors or Super-
visors. 
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Insider Imprint is  

Join our team 

• Gain experience in publishing an academic journal 
• Work in a small team of like-minded PhD students 
• Take on roles of responsibility 
• Boost your CV 

 We are looking for enthusiastic and committed individuals. You should relate with the journal goal of sup-
porting undergraduate and masters students in publishing their work. No prior experience is needed. 

 
 

Roles available include: Editor, Website Manager, Artistic Director, Peer-Review Manager, Social Media 
Manager 

 
Eligibility to apply: 

- You must be a PhD student in the  Faculty of Health and Life Sciences  
- You must have at least 1 year of your studies left  
- You must have permission from your supervisor 

 

Contact us at Insiderimprint@liverpool.ac.uk to find out more 

recruiting 

mailto:Insiderimprint@liverpool.ac.uk
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Exam Preparation Tips 
Hammed Badmos; Insider Imprint Social Media Officer 

1. Avoid Procrastination 

One of the easiest routes to exam fail-

ure is leaving preparation to the last 

minute. Different methods work for 

different people. Cramming may work 

well for some people but for most 

people this is not the most effective 

way to study. You have to realise your 

own strengths and 

weaknesses as early as 

possible, and devise a 

revision plan that 

works for you. Under-

standing the key con-

cept of a course or 

topic and managing 

your time to cover 

everything expected 

of you is key towards 

exam success. Moreo-

ver, there will be 

2. Use of Pictorial 

illustrations  

While paragraphs of 

words can be scary, an effective way 

to understand them can be to create 

various linked images. Representation 

of information/concepts with an easily 

understood image or cartoon can be a 

very useful tool in your exam prepara-

tion. For example, a flow chart or spi-

der diagram of a particular topic can 

be easily recalled, and can help jog 

3. Teach others about the topics 

One of the easiest and simplest ways 

to learn more about a subject is to 

teach your colleagues about it. 

Through teaching you can gain more 

confidence in the topic and learn 

about gaps in your knowledge. This 

will enable you to fill in these gaps and 

better understand the subject matter. 

Telling others about your understand-

ing of a topic in a study group can real-

ly help you retain knowledge. 

4. Regular breaks and re-hydrate 

yourself 

Breaks and keeping hydrated are im-

portant for efficient exam preparation. 

Do not be overwhelmed by the con-

tent you have to cover and forget 

about your health. Breaks often help 

you better understand 

topics when you sit back 

down to study. Under-

standing what is good for 

your brain and overall 

health, like when to take 

breaks and keeping hy-

drated, will help your ex-

am preparation. Also, 

everyone has a different 

pattern to when they 

study best; you might be 

a nocturnal type of per-

son - do not force yourself 

to be diurnal because 

your friends are. Learning 

what works best for you is 

crucial for exam success.  

5. Are you ready for the exam 

day? 

A rhetorical question for you. Make 

sure you understand all the require-

ments for the exam and be aware of 

exam time and venue. Be punctual, 

this is a very important antagonist of 

anxiety. Do not leave things until the 

last minute.  

Image by Christine Warner Hawks/CC BY 2.0 
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OPPORTUNITIES 

 

How to publish with Insider Imprint 
Are you an undergraduate or masters student wondering how to publish with Insider Imprint?  

Here is a quick guide  

Why publish with us? 

Insider Imprint is a Life Sciences journal publishing 
in print and online. This means that by getting work 
published with us you can showcase your achieve-
ments and skills to potential future employers. Also, 
the research and literature review articles are peer-
reviewed which gives them greater credibility. Peer-
review is a process by which work is reviewed by 
experts in the field who then give feedback such as 
suggestions for improvements to the author before 
the work is published; It looks very good on your CV 
to have a published paper in a peer-reviewed jour-
nal! And it is also very useful for you to experience 
peer-review and the publishing process in general so 
you are better prepared in the future. Even if you 
are not thinking of continuing to research after you 
graduate, it is a great boost to your CV to have pub-
lished an article or two.  

How to publish with us? 

We provide a broad range of opportunities to publish, ac-
cepting (but not limited to) the following types of submission: 

 Reflective pieces such as on work experience, an in-
ternship, research, volunteering - Let us know what you 
have been up to! Lots of your peers will be interested 
to read about what you are doing. 

 Reflections on a topic of interest related to your studies 
- What is interesting to you and why? 

 Reviews of books, seminars, summer schools - What is 
your opinion? Would you recommend to other stu-
dents? 

 Hot topic and debate articles – Tell us about current 
issues in science. 

 Research and literature review articles – These are 
more formal submissions about your research area 

 Thinking of something that is not in this list?  - contact 
us to discuss. 

Follow this simple flow chart to get your submission ready: 

Does my submission fall into the above 
categories?

Was this work supervised or part of a 
module assessment?

Email us if you're unsure

Yes No

Yes No

You must have the permission of your 
supervisor to submit your article. Download our 

submission form from our website, read our 
polices and ask for you supervisor's signature.

Download a submission form from our website 
and read our policies

Read our author guidelines online to check your 
submission is in the correct format. Email us if 

you are unsure about any of the guidelines

Email your piece and submission form to us

Email us on:  

insiderimprint@liv.ac.uk 

 

Visit out website:  

insiderimprint.com 



Become a published author 

Write for Insider Imprint – the life sciences jour-
nal for undergraduate and master’s students at the 

University of Liverpool 

Currently accepting: research pieces, reviews, commentaries, essays, 
artwork and much more 

Submit your pieces and queries by email to: insiderimprint@liv.ac.uk 

We would love to hear from you 

www.facebook.com/insiderimprint www.insiderimprint.com 



 

 


