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Welcome! 
 
Céad míle fáilte (a hundred thousand welcomes) to Cork for Microneedles 2012 – The 
Second International Conference on Microneedles. This event follows the inaugural 
conference which was held in Atlanta in May 2010 and proved to be a resounding success. 
Following the overwhelming positive feedback from that gathering, Microneedles 2012 will 
once again bring together the key players from both the industrial and academic 
communities active in the emerging area of microneedle-based transdermal delivery and 
sensing technologies. 
 
We were delighted to receive almost 80 high-quality submissions from 20 countries. 
Approximately 40% of the submissions were from young researchers, reflecting the 
vibrancy of what is still a dynamic and emerging field. These papers span all aspects of 
microneedle technology, including design and fabrication, drug and vaccine delivery, 
sensing, and clinical translation. Contributions will be presented in a variety of oral and 
poster formats over two days, and include a selection of invited and keynote speakers, who 
have kindly agreed to present some exciting recent developments and their future visions 
for the technology. The conference is also preceded by a half-day short course which will 
be of particular interest to those researchers and companies who are new to the field. 
 
Our conference Gala Dinner will be held at The Old Midleton Distillery, home of the world-
famous Jameson Irish whiskey, where delegates can avail of a guided tour along the old 
distillery trail through mills, maltings, stillhouses, warehouses and kilns – plus, of course, an 
Irish whiskey tasting tutorial! 
 
The Tyndall National Institute and University College Cork have received generous support 
from a number of agencies and industrial partners, including Science Foundation Ireland, 
INSPIRE and Zosano Pharma.  Their partnership has allowed us to run a full conference 
programme while keeping registration fees accessible to all, and we thank them for their 
assistance. 
 
My sincere thanks also to the Tyndall and UCC Local Organizing Committee, who have 
brought this conference to you with minimum fuss and maximum efficiency.  
 
In summary, Microneedles 2012 will provide a great opportunity to discuss the latest 
developments in microneedle technology and related applications, to envisage new 
projects, initiate new multidisciplinary collaborations, and, of course, to have some craic in 
the process.  
 
 
Once again, welcome to Cork for Microneedles 2012.  
 
Yours Sincerely, 
 
 
 
 
 
Dr. Conor O’Mahony. 
Local Chair – Microneedles 2012 
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Conference organisation 
 
 
 
 

Local Chair 
Dr. Conor O’Mahony, Tyndall National Institute, University College Cork, Cork, Ireland. 

Tel: +353 21 4904200; conor.omahony@tyndall.ie 
 
 
 

Local Organising Committee 
Mr. Evin Allen, University College Cork. 

Dr. Abina Crean, University College Cork. 
Ms. Julie Dorel, Tyndall National Institute. 
Dr. Paul Galvin, Tyndall National Institute. 

Dr. Ruth Houlihan, Tyndall National Institute.  
Dr. Anne Moore, University College Cork. 

Dr. Prikko-Liisa Muhonen, University College Cork. 
Dr. Oskar Olszewski, Tyndall National Institute.  
Dr. Patricia Vasquez, Tyndall National Institute. 
Mr. Jaap Verheggen, Tyndall National Institute. 

Dr. Sonja Vucen, University College Cork. 
Mr. Brian Walsh, Tyndall National Institute. 

Ms. Catherine Walsh, Tyndall National Institute. 
 

 
International Steering Committee 

Dr. James Birchall, Cardiff University, Wales. 
Dr. Kris Hansen, 3M Drug Delivery Systems, USA. 

Prof. Mark Kendall, University of Queensland, Australia. 
Dr. Anne Moore, University College Cork, Ireland. 

Prof. Roger Narayan, North Carolina State University, USA. 
Prof. J-H Park, Kyungwon University, South Korea. 

Dr. Ron J. Pettis, BD Technologies, USA. 
Prof. Mark Prausnitz, Georgia Institute of Technology, USA. 

Prof. Niclas Roxhed, KTH Royal Institute of Technology, Sweden. 
Dr. Conor O'Mahony, Tyndall National Institute, Ireland. 
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Conference Location & Map 
 
Microneedles 2012 conference will be in the Clarion Hotel on Lapps Quay, superbly located 
on the banks of the River Lee, and just a few hundred metres from Cork’s shopping and 
entertainment districts. 
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Conference Programme Summary 
 
Sunday 13th May 
 
12:00 Registration & Poster Hanging 

13:00 Short Course: Microneedle Technology 

18:00 Informal Welcome Reception - Clarion Hotel 

 
 
Monday 14th May 
 
08:30 Opening Address & Welcome (Guest: Minister Sean Sherlock) 

09:15 Session 1 - Design & Technology I: Solid and Hollow 
Microneedles 

11.15 Session 2 - Design & Technology II: Polymer & Biodegradable 
Microneedles 

14:00 Session 3: Coatings & Formulation 

15:20 Session 4 - Flash Presentations 

16:20 Session 5 - Poster Viewing & Coffee 

17.45 Close 

18:00 Bus Transfer to Old Midleton Distillery 

 
Tuesday 15th May 
 
09:00 Session 6: Vaccine Delivery (1) 

11:05 Session 7: Vaccine Delivery (2) 

14:00 Session 8: Drug Delivery 

15:35 Session 9: Clinical Translation 

17:00 Closing Remarks & Conference Close 
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Keynote and Invited Speakers 
Keynote Presentations 

Session Paper Page 

1 Evaluation of microneedles in human subjects 
Dr. Mark Prausnitz 
Georgia Institute of Technology, USA 

1 

3 Skin is special: exploiting it with practical microneedle devices for 
improved vaccines, and diagnosis of disease 
Prof. Mark Kendall 
University of Queensland, Australia 

3 

6 Transcutaneous vaccination by means of microneedles and 
polymeric nanoparticles 
Prof. Dr. Joke Bouwstra 
Leiden/Amsterdam Center for Drug Research, The Netherlands 

4 

9 Advancing Microneedle Patch Technology to Commercialization 
Dr. Peter Daddona  
Zosano Pharma, USA 

6 

 

Invited Presentations 

Session Paper Page 

2 Microneedle-based Drug Delivery - How Less can be More 
Dr. Kris Hansen 
3M Drug Delivery Systems, USA 

7 

2 Biodegradable polymer microneedle separation in skin mediated by 
hydrogel swelling 
Prof. Jung-Hwan Park 
Gachon University, Korea 

8 

3 Microneedles for Lymphatic Targeting: New Applications for a New 
Route 
Dr. Ronald J. Pettis 
BD Technologies, USA 

9 

6 A Novel Microneedle Device for ID Delivery of Vaccines: Clinical 
Experience and Commercial Opportunities 
Dr. Yotam Levin 
NanoPass Technologies, Israel 

11 

7 DNA delivery to skin is enhanced by next generation electroporation 
devices that target dermal tissue 
Dr. Kate Broderick 
Inovio Pharmaceuticals, USA 

13 

8 Moving to active microneedle mediated drug delivery... the Janisys 
technology 
Dr. John O'Dea 
Crospon, Ireland 

14 

9 Microneedle Delivery: Translating Laboratory Effectiveness To 
Patient Usage 
Dr. James Birchall 
Cardiff University, Wales 

15



viii 
 

 

Short Course Programme – Sunday 13th May 
 
 
 

13:00 Welcome and Introduction 
Dr. James Birchall 
Cardiff University, Wales 

 

13:15 Microneedle history, motivation and design 
Prof. Mark Prausnitz 
Georgia Institute of Technology 

 

14:00 Microneedle Fabrication 
Prof. Jung-Hwan Park 
Gachon University, Korea 

 

14.45 Coffee Break 
 

 

15:15 Microneedle testing and characterization  
Dr. Sion Coulman 
Cardiff University, Wales 

 

16:00 Microneedle applications 
Dr. Anne Moore 
University College Cork, Ireland 

 

16:45 Microneedle Human Studies and Commercialization 
Dr. Kris Hansen 
3M Drug Delivery Systems, USA 

 

17:30 Close 
 

 

 Informal Welcome Reception 
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Technical Programme – Monday 14th May 
 

 Session 1: Design & Technology I - Solid and 
Hollow Microneedles 

 

 

08.30 Opening Address & Welcome   

09.15 Keynote: Evaluation of microneedles in human subjects 
M. R. Prausnitz 
1Georgia Institute of Technology 

1 

09.45 Methods to Design and Manufacture Solid and Hollow 
Microneedles at Scale 
L. Hayward1, R. Pricone2 and J. Nelson2 
1VentureLab Inc., USA 
210x Technology LLC, USA 

16 

10.00 Manufacturable, Microneedle-based Dry Electrodes For 
Biosensing Applications 
C. O’Mahony1, F. Pini1, 2, A. Blake1, C. Webster1, J. O’Brien1 and K. G. 
McCarthy2 
1Tyndall National Institute, Ireland 
2University College Cork, Ireland 

17 

10.15 Measuring penetration forces of microneedles 
H. Liebl 
Dermaroller, Germany  

18 

10.30 Silicon microneedles for drug delivery and blood sampling 
applications 
P.F. Eng1, O.J. Guy1, Y. Liu1, P.R. Williams1, K. Roberts2, J. Patel2and H. 
Ashraf2 
1Swansea University, UK 
2SPTS Technologies Limited, UK 

19 

10.45 Coffee Break 
 
 

 

 Session 2:  Design & Technology II - Polymer 
& Biodegradable Microneedles 

 

11.15 Invited: Microneedle-based Drug Delivery - How Less can be 
More 
Dr. Kris Hansen 
3M Drug Delivery Systems, USA 

7 

11.35 Invited: Biodegradable polymer microneedle separation in skin 
mediated by hydrogel swelling 
Prof. Jung-Hwan Park 
Gachon University, Korea 

8 
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11.55 Low temperature micro drawing for fabrication of biodegradable 
microneedles for vascular diseases 
J. Kim, C. Kuk Choi, E.-H. Jang, Y. Nam Youn and W.H. Ryu 
Yonsei University, Republic of Korea 

20 

12.10 A novel method of fabricating polymeric microneedles for 
transdermal delivery of chemical and biological drugs 
J. Kochhar, S. Yung Chan and L. Kang 
National University of Singapore, Singapore 

21 

12.25 Low-cost rapid fabrication of polymer micro-needles for sensing 
applications 
C. Barrett, K. Dawson, C. O'Mahony and A. O'Riordan 
Tyndall National Institute, Ireland 

22 

12.40 Lunch 
 
 

 

 Session 3: Coatings & Formulation  

14:00 Keynote: Skin is special: exploiting it with practical microneedle 
devices for improved vaccines, and diagnosis of disease 
Prof. Mark Kendall 
University of Queensland, Australia 

2 

14:30 Invited: Microneedles for Lymphatic Targeting: New 
Applications for a New Route 
Dr. Ronald J. Pettis 
BD Technologies, USA 

9 

14:50 Stabilization of measles vaccine coated on microneedles 
C. Edens1, M. L. Collins2, P. A. Rota2 and M. R. Prausnitz1 
1Georgia Institute of Technology, USA 
2Centers for Disease Control and Prevention, USA 

23 

15:05 Erythropoietin Coated ZP-Microneedle System: Preclinical 
Formulation and Delivery 
E. E. Peters, M. Ameri, X. Wang, Y.-F. Maa and P. E. Daddona 
Zosano Pharma Inc., USA 

24 

 
 

Session 4: Flash Poster Presentations 

P-1 SU-8 based microneedles for biomedical applications 
A. Altuna1, G. Gabriel2, 3, L. Menéndez de la Prida4, M. Tijero1, M, A. 
Guimerá2, 3, E. Bellistri4, J. Berganzo1, R. Villa2, 3 and L. Fernández3, 5. 
1Ikerlan S. Coop., Spain 
2Instituto de Microelectrónica de Barcelona (IMB-CNM), Spain 
3Centro de Investigación Biomédica en Red, Biomateriales y Nanomedicina, Spain 
4Instituto Cajal, Spain 
5Universidad de Zaragoza, Spain 

25 

P-2 Biocompatible Microneedle Arrays made of Porous Silicon 
M. Stumber, A. Trautmann and F. Laermer 
Robert Bosch GmbH, Germany. 

26 

P-3 Novel polymerization technique for vertical profiles in three 
dimensional electrodes 
P. Vazquez1, L. Sasso2, M. Dimaki2 and W.E. Svendsen2 
1Tyndall National Institute, Ireland. 
2DTU Nanotech, Denmark 

27 
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P-4 Soluble microneedles for enhanced intradermal immunization 
with a model antigen 
S. Alzahrani, C. Scott and R. Donnelly 
Queen’s University Belfast, Northern Ireland 

28 

P-5 Preformulation studies of polymers for microneedle design 
K.J. Nair, C. A. Grant, B. R. Whiteside, R. Patel and A. R.  Paradkar 
University Of Bradford, UK 

29 

P-6 Design and characterization of a monolithic system: polymer 
microneedle array on a polymer platform 
B. Paul Chaudhuri1,2, F. Ceyssens1, K. Vanstreels2, M. Gonzalez2, A. La 
Manna2, H. P. Neves2, C. Van Hoof1,2 and R. Puers1,2 
1KU Leuven, Belgium 
2IMEC, Belgium 

30 

P-7 Titanium nitride as electrode material for nerve stimulation. 
N. S. Lawand1, P. J. French1, J. J. Briaire2 and J. H. M. Frijns2 
1Delft University of Technology, The Netherlands. 
2Leiden University Medical Centre, The Netherlands. 

31 

P-8 Determining the feasability of a microneedle delivery system for 
intradermal botulinum toxin administration 
B. M. Torrisi1, M. Pearton1, A. Anstey3, V. Zarnitsyn2, M.R. Prausnitz2, 
J.C. Birchall1 and S.A. Coulman1 
1Cardiff University, UK. 
2Georgia Institute of Technology, USA. 
3Aneurin Bevan Health Board Royal Gwent Hospital, UK. 

32 

P-9 Microneedle Array Fabrication based on Thermomigration 
A.C. Peixoto1, A.F. Silva1, N.S. Dias1,2 and J.H. Correia1 
1University of Minho, Portugal 
2Portugal Polytechnic Institute of Cavado and Ave, Portugal 

33 

P-10 A novel method to determine the surface pKa of modified silicon 
surfaces by a fluorescent nanoparticle adhesion assay 
K. van der Maaden, K. Sliedregt, A. Kros, W. Jiskoot and J. Bouwstra 
Leiden University, the Netherlands. 

34 

 
 

Session 5: Poster Presentations 
 

Poster Paper Page 

P-11 Development and Clinical/Preclinical Utilization of a BA058-
sMTS Microneedle Drug Product targeting Osteoporosis 
K. Hansen1, A. Determan1, K.Brown1, D. Wirtanen1, T. Fenn1, J. 
Moseman1, Y. Zhang1, D. Dohmeier1 and G. Hattersley2 
13M Drug Delivery Systems, USA 
2Radius Health, USA 

35 

P-12 FP7 IMPRESS Project: Evolution of Injection Molded Hollow 
Microneedles 
E. Bambury and J. O'Dea 
Crospon, Ireland. 

36 

P-13 Measuring the swelling capabilities of hydrogel microneeedles 
using Optical Coherence Tomography 
K. Mooney, R. Donnelly and J. McElnay 
Queen’s University Belfast, Northern Ireland 

37 
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P-14 Polymeric microneedles as an alternative in paediatric drug 
delivery 
T.M. Tuan-Mahmood1,2, S.L. Burns1, J.C. McElnay1 and R.F Donnelly1 
1Queen’s University Belfast, Northern Ireland 
2The National University of Malaysia (UKM), Malaysia 

38 

P-15 Delivery of plasmid DNA via surface coated microneedles to 
human skin: formulation coating, skin insertion and gene 
expression 
M. Pearton1, V. Saller1, S. A. Coulman1, C. Gateley2, A. Anstey2, V. 
Zarnitsyn3 and J. C .Birchall1 
1Cardiff University, UK 
2Royal Gwent Hospital, UK  
3Georgia Institute of Technology, USA 

39 

P-16 Effect of microneedle geometry and iontophoresis on 
transdermal drug delivery using dissolving polymeric 
microneedles 
E. Caffarel-Salvador, M. Garland and R. Donnelly 
Queen’s University Belfast, Northern Ireland 

40 

P-17 Microneedle delivery of sirna to skin: in vitro and in vivo proof-
of-concept 
R.H.E. Chong1, E. Gonzalez-Gonzalez2, M.F. Lara3, T.J. Speaker3, R.L. 
Kaspar3, S.A. Coulman1, R. Hargest1 and J.C. Birchall1 
1Cardiff University, UK 
3 Stanford School of Medicine, USA 
4 Transderm Inc., USA 

41 

P-18 Effect-enhancing uncoated solid microneedle: Tiered 
microneedle 
M. Han1, M. Hong1, C.-W. Cho2 and B. Sul1 
1MITI Systems, Korea 
2Chungnam National University, Korea 

42 

P-19 Fabrication of multi-port microneedles for biomedical 
applications 
F. Gao, A. Hokkanen and P. Heimala 
VTT Technical Research Centre of Finland 

43 

P-20 Dissolving microneedles containing minoxidil for treatment of 
alopecia 
M.-R. Han1, E.-Y. Kim2, Y.-H. Jung, M.-S. Kim2 and J.-H. Park1 
1Gachon University, Republic of Korea 
2B2Y Co. Ltd., Republic of Korea 

44 

P-21 Microneedle-based intradermal delivery for diagnostic imaging 
of the lymphatics using multiple agents and modalities 
A. Harvey, S. Kaestner, K. Karl and R. Pettis 
BD Technologies, USA 

45 

P-22 Fabrication of dissolving polymer microneedles for vaccination 
against ebola and other filoviruses 
X. D. Guo1, C. Yang2, R. W. Compans2 and M. R. Prausnitz1 
1Georgia Institute of Technology, USA 
2Emory University, USA 

46 

P-23 Hydrogel-based microneedles could eliminate re-insertion risks 
K. Mooney, R. Donnelly and J. Mcelnay 
Queen’s University Belfast, Northern Ireland 

47 

P-24 Optical coherence tomographic characterization of skin insertion 
of polymeric microneedle loaded with ovalbumin  
A. Z. Alkilani, R. Thakur and R. Donnelly 
Queen’s University Belfast, Northern Ireland 

48 
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P-25 Hot-embossed polymer microneedles 
J. Verheggen, P. Vazquez and C. O'Mahony 
Tyndall National Institute, Ireland 

49 

P-26 Valveless membrane pump for transdermal injection and 
aspiration  
J. Verheggen, P. Vazquez and C. O'Mahony 
Tyndall National Institute, Ireland 

50 

P-27 Microneedle-mediated monitoring - Parental perspectives 
K. Mooney, R. Donnelly and J. Mcelnay 
Queen’s University Belfast, Northern Ireland 

51 

P-28 Microneedle designs and manufacturing methods by insuline 
delivery 
E. García, B. Cepeda, M. Sanchez, E. Gómez, G. Enríquez, T. Arvizo, A. 
Vadillo and C. Rodríguez 
Tecnológico de Monterrey, Mexico 

52 

P-29 Characterisation of pore forming hydrogels: application in 
transdermal delivery systems  
T. Singh, M. Garland, K. Migalska, E. Salvador, R. Shaikh, H. McCarthy, 
D. Woolfson and R. Donnelly 
Queen’s University Belfast, Northern Ireland 

53 

P-30 Investigating the effect of physical disruption on the delivery of 
plasmid DNA to the skin 
R.H.E. Chong1, E. Gonzalez-Gonzalez2, M.F. Lara3, R.L. Kaspar4, L.M. 
Milstone4, S.A. Coulman1, R. Hargest1 and J. C. Birchall1 
1Cardiff University, UK. 
2Stanford School of Medicine, USA 
3Transderm Inc., USA. 
4Yale University School of Medicine, USA 

54 

P-31 Hollow polymer microneedles for pharmaceutical applications 
M. Sausse Lhernould 
Université Libre de Bruxelles, Belgium 

55 

P-32 Dissolution Dynamics of Ultra-compliant Neural Probe Delivery 
Vehicles 
P.J. Gilgunn1, R. Khilwani1, T.D.Y. Kozai2, D.J. Weber2, X.T. Cui2, G. 
Erdos1, O.B. Ozdoganlar1 and G.K. Fedder1 
1Carnegie Mellon University, USA 
2University of Pittsburgh, USA 

56 

P-33 Gene expression profiles determined by microarray analysis in 
human skin treated with H1N1 VLPs coated microneedles 
M. Pearton1, D. Pirri1, R. W. Compans2, and J. C. Birchall1 
1Cardiff University, UK 
2Emory University School of Medicine, USA 
3Georgia Institute of Technology, USA 

57 

P-34 Dissolvable ImmuPatch Microneedles for Drug Delivery 
A. M. Crean1, M. G. McGrath1, C. O’Mahony2, A. Vrdoljak1 and A. C. 
Moore1 
1University College Cork, Ireland 
2Tyndall National Institute, Ireland 

58 

P-35 Effect of biocompatible solid microneedle on the permeation of 
ibuprofen  
J.-S. Baek1, M. Han2, M. Hong2, B. Sul2 and C.-W.Cho1 
1Chungnam National University, Korea 
2MITI Systems, Korea 

59 
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P-36 3D image analysis of microneedles 
Y. Makino1, T. Kurita1, M. Ishibashi2, K. Kobayashi2, H. Hamamoto2, K. 
Toyohara3 and M. Kiyoki3 
1Tokushima Bunri University, Japan 
2MEDRx Co., Ltd. , Japan 
3Teijin Limited, Japan 

60 

P-37 Automated estimation of collagen fibre dispersion in the dermal 
layer of human skin 
A. Ní Annaidh1, K. Bruyère2, M. Destrade3,1, M.D. Gilchrist1, C. Maurini4, 
M. Ottenio2 and G. Saccomandi5 
1University College Dublin, Ireland 
2Université de Lyon, France 
3National University of Ireland Galway, Ireland 
4 Univ Paris 6, France 
5 Università degli Studi di Perugia, Italy 

61 

P-38 Microneedle platform for continuous monitoring of biomarkers 
in interstitial fluid 
P. Vazquez1, C. O’Mahony1, P. Porta1, C. Zuliani2, F.Benito-Lopez2, 
P.Galvin1, D. Diamond2 and C. O’Mathuna1 
1Tyndall National Institute, Ireland 
2Dublin City University, Ireland 

62 

P-39 Integrated electro-microneedle for cutaneous gene transfer 
K. Lee1, J. D. Kim2, M. Kim2, H. Yang1, D. H. Jeong2 and H. Jung1 
1Yonsei University, Korea 
2Raphas, Korea 

63 

P-40 Dose sparing of and enhanced immune response to inactivated 
rotavirus vaccine by skin vaccination using microneedles in mice 
B. Jiang1, S. Moon1, Y. Wang1, C. Edens2, J. Gentsch1 and M. Prausnitz2 
1Centers for Disease Control and Prevention, USA 
2Georgia Institute of Technology, USA 

64 

P-41 In vitro transdermal delivery and distribution of ketoprofen 
loaded polymeric nanoparticles in intact and microneedle-
treated skin 
S. Vucen1,3, G. Vuleta2, A. Crean3, A. Moore3, N. Ignjatovic4 and D. 
Uskokovic4 
1University of Banja Luka, Bosnia and Herzegovina 
2University of Belgrade, Serbia 
3University College Cork, Ireland 
4Institute of technical sciences of the Serbian Academy of Sciences and Arts, Serbia 

65 

P-42 Micromolded nanoporous ceramic microneedle arrays 
J. de Groot1, M. Verhoeven2, D. Fernandez Rivas2, T.D. de Gruijl1, R.J. 
Scheper3 and R. Luttge2,3 
1Free University Medical Center (VUmc), The Netherlands 
2Mesoscale MESA+ Institute for Nanotechnology, The Netherlands. 
3MyLife Technologies B.V., The Netherlands 

66 

P-43 High-throughput screening of microneedle formulations for 
influenza vaccine stability 
M. Mistilis, H. Kalluri, B. Bondy and M. Prausnitz 
Georgia Institute of Technology, USA 

67 

P-44 Arrays of solvent cast hollow polymer microneedles for 
biosensing applications 
I. Mansoor, U. O. Häfeli and B. Stoeber 
The University of British Columbia, Canada 

68 

17.45 Close; Bus Transfer to Conference Dinner at 18.00.  
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Technical Programme – Tuesday 15th May 

 

   

 Session 6: Vaccine Delivery (1)  

09:00 Keynote: Transcutaneous vaccination by means of microneedles 
and polymeric nanoparticles 
Prof. Dr. Joke Bouwstra 
Leiden/Amsterdam Center for Drug Research, The Netherlands 

4 

09:30 Invited: A Novel Microneedle Device for ID Delivery of Vaccines: 
Clinical Experience and Commercial Opportunities 
Dr. Yotam Levin 
NanoPass Technologies, Israel 

11 

09:50 Immupatch Vaccination 
A. Moore1, A. Vrdoljak1, M.  McGrath1, S. Draper2, A. Hill2, A.Crean1 and 
C. O’Mahony3 
1University College Cork, Ireland 
2The Jenner Institute, UK 
3Tyndall National Institute, Ireland. 

69 

10.05 Evaluation of coated microstructure system for transdermal 
influenza vaccine application as alternative to intramuscular 
immunization 
S. Kommareddy1, A. Bonificio1, S. Gallorini1, G. Palladino1, A. 
Determan2, D. Dohmeier1, K. Hansen2, M. Singh1, P.R. Dormitzer1, B.C. 
Baudner1 and D.T. O'Hagan1 
1Novartis Vaccines and Diagnostics Research Center, USA and Italy  
23M Drug Delivery Systems, 3M St. Paul, MN 55001 

70 

10.20 Polymer multi-layer tattooing for enhanced DNA vaccines 
P. C. DeMuth1, B. Huang1, Y. Min1, P. T. Hammond1,2 and D. J. Irvine1, 
2, 3, 4 
1Massachusetts Inst. of Technology, USA 
2Institute for Soldier Nanotechnology, USA  
3Ragon Inst. of MGH, MIT, and Harvard, USA 
4Howard Hughes Medical Inst., USA 

71 

10.35 Coffee Break 
 
 

 

 Session 7: Vaccine Delivery (2)  

11.05 Invited: DNA delivery to skin is enhanced by next generation 
electroporation devices that target dermal tissue 
Dr. Kate Broderick 
Inovio Pharmaceuticals, USA 

13 

11.25 Comparison of Microneedle and Systemic Routes of 
Immunization with Influenza A H1N1 Vaccine in the Guinea Pig 
Model 
E. V. Vassilieva1, V. G. Zarnitsyn2, E. S. Esser1, M. T. Taherbhai1, D. G. 
Koutsonanos, M. R. Prausnitz2, R. W. Compans1 and I. Skountzou1 
1Emory University School of Medicine, USA 
2Georgia Institute of Technology, USA 

72 
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11.40 Enhanced and Long Term Immunity and Broad Spectrum of 
Cross Protective Immune Responses after Skin Immunization 
with Influenza Subunit Vaccine Using a Microneedle Patch 
D. G. Koutsonanos1, V. G. Zarnitsyn2, E. S. Esser1, M. T. Taherbhai1, A. 
Stavropoulou3, E. V. Vassilieva1, M. R. Prausnitz2, R. W. Compans1 and 
I. Skountzou1 
1Emory University School of Medicine, USA 
2Georgia Institute of Technology, USA 
3University of Athens, Greece 

73 

11.55 DNA vaccination against influenza using a coated microneedle 
patch 
Y.-C. Kim1, J.-M. Song2, R. Compans3, S.-Moo Kang2 and M. Prausnitz4 
1Korea Advanced Institute of Science and Technology (KAIST), Republic of Korea 
2Georgia State University, Atlanta, USA 
3Emory University School of Medicine, USA 
4Georgia Institute of Technology, USA 

74 

12.10 Translation of a Dissolving Microneedle Patch for Influenza 
Vaccination Into the Clinic  
H. Kalluri1, D. McAllister1, M. Scoggins1, W. Pewin1, S. Henry1, M. 
Prausnitz1, Emory University2 and PATH3 
1Georgia Institute of Technology, USA  
2Emory University School of Medicine, USA 
3PATH, USA 

75 

12.25 Lunch  

   

 Session 8: Drug Delivery  

14:00 Invited: Moving to active microneedle mediated drug delivery... 
the Janisys technology 
Dr. John O'Dea 
Crospon, Ireland 

14 

14:20 Delivery of bevacizumab into the cornea using microneedles to 
treat injury-induced neovascularization 
Y. C. Kim1, H. F. Edelhauser2 and M. R. Prausnitz1 
1Georgia Institute of Technology, USA 
2Emory University Eye Center, USA 
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14:35 Insulin Delivery Using Hollow Microneedles in Children with 
Type-1 Diabetes Mellitus 
J. J. Norman1, N. A. Raviele2, M. R. Brown2, M. R. Prausnitz1 and E. I. 
Felner1,2 
1Georgia Institute of Technology, USA. 
2Emory University School of Medicine, Atlanta, GA, USA. 
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14:50 In vivo and ex vivo intradermal infusion and injection 
experiments with microneedles 
M. Vosseler1, T. Botzelmann2, P. Schilling2, S. Spieth1, S. Messner1, V. 
Mayer2, M. Schmelz3, H. Kück2 and R. Zengerle1 
1HSG-IMIT, Germany 
2HSG-IMAT, Germany 
3University Medical Centre Mannheim, Germany 
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EVALUATION OF MICRONEEDLES IN HUMAN SUBJECTS 
 

M.R. Prausnitz 
School of Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA USA 

prausnitz@gatech.edu 
 
Building off a wealth of studies in vitro and in animals, microneedles have more recently been studied in 
human subjects, including basic studies of microneedle interaction with the skin and more clinically 
relevant studies of drug and vaccine delivery. This talk will review progress in evaluation of microneedles 
in human subjects in our laboratory as well as work done by others.  
 
The first published study of drug delivery to human subjects addressed skin pretreatment with 
microneedles followed by application of a transdermal patch containing naltrexone for three days. Plasma 
levels of the drug were maintained at a relatively steady level during the three-day experiment. No 
naltrexone was detected in the plasma of control subjects wearing naltrexone patches without 
microneedle pretreatment.  
 
Our laboratory has also studied delivery of insulin and lidocaine to human subjects using hollow 
microneedles. Insulin delivery was shown to increase the pharmacokinetics of insulin, which may offer 
advantages of tighter control of blood glucose levels. Lidocaine delivery effectively numbed the skin to 
probe testing and to starting an intravenous line. In both studies, subjects strongly preferred the use of 
microneedles for insulin or lidocaine delivery compared to the control experiments using insulin infusion 
with a subcutaneous catheter and intradermal lidocaine injection with a hypodermic needle, respectively.  
 
Extensive human studies have been done in other laboratories on delivery of influenza vaccine, insulin 
and human parathyroid hormone (PTH). Influenza vaccination using a hollow microneedle has proceeded 
through clinical trials and licensure, and found successful clinical application for the past three years. 
Vaccination in this way, in the skin, reduced the required vaccine dose in normal adults and provided 
better immunogenicity at the normal dose in the elderly. Administration of insulin has been conducted 
using hollow microneedles and PTH has been given using microneedles coated with the drug in a Phase 
2 clinical trial. When given with microneedles, both insulin and PTH exhibited more rapid 
pharmacokinetics compared to conventional subcutaneous injection. In all of these studies, microneedles 
were well tolerated by the patients. 
 
Other human studies include delivery of aminolevulenic acid for photodynamic therapy and dyclonine for 
topical anesthesia using skin pretreatment with microneedles. There are also a number of microneedle 
products sold around the world that are used by people primarily for cosmetic purposes, about which 
there are some published studies.  
 
More basic studies have also been carried out in human subjects. Microneedle insertion into skin has 
been shown to be possible by hand as well as with the assistance of an applicator, where sharper 
microneedles insert more easily. Skin resealing after microneedle insertion and removal occurs within 
hours if the skin is uncovered, but can require days for occluded skin. Microneedles of dimensions used in 
most studies have generally been reported as painless, where longer microneedles are more likely to 
elicit pain. The rate of liquid infusion into skin using a hollow microneedle was affected by infusion 
pressure and microneedle length, and may enable rapid uptake by skin lymphatic vessels. Skin irritation 
after use of microneedles is reported to be minimal. No significant risk of infection has been reported in 
the controlled studies found in the literature.  
 
Finally, the perception of microneedles by patients and caregivers has been studied, who generally 
showed an interest and preference for delivery using microneedles, but with some hesitation about the 
new technology. In a recent study in our laboratory, subjects were asked to choose between influenza 
vaccination using a microneedle patch and a conventional intramuscular (IM) injection. When given the 
option of not getting vaccinated as well, there was a 20% increase in the number of people who said they 
would get vaccinated if vaccination with a microneedle patch were available.  When the option was not 
available, 90% of subjects chose to be vaccinated with the microneedle patch (vs. 10% who preferred IM 
injection), and 75% of subjects preferred to self-administer the vaccine, as opposed to having a 
healthcare worker administer it.  
 
Altogether, the field of microneedles has advanced to the point of having many detailed evaluations of 
microneedles in human subjects and the introduction of a number of different clinical and cosmetic 
projects in widespread human use. The field is poised for still more growth to enable drug and vaccine 
delivery using microneedles, as well as other novel applications of the technology.  
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Biography: Mark Prausnitz is Regents’ Professor, holds the Love Professorship in Chemical & 
Biomolecular Engineering and serves as Director of the Center for Drug Design, Development and 
Delivery at the Georgia Institute of Technology. He received a BS from Stanford University and PhD from 
the Massachusetts Institute of Technology, both in chemical engineering. Prof. Prausnitz has pioneered 
the application of engineering technologies to improve administration of pharmaceuticals. Notably, he has 
led the development of microneedles for painless delivery of vaccines, biopharmaceuticals and other 
drugs. Based on this technology, Prof. Prausnitz founded a company to advance microneedle patches for 
drug delivery that was later sold and recently founded a second company focused on drug delivery to the 
eye using microneedles. He has also been a leader in the areas of ultrasound and electroporation for 
improved drug and gene delivery. He has also made major advances in drug delivery to the eye, 
especially to the back of the eye via the suprachoroidal route. Prof. Prausnitz’ research has produced 
175 research articles and more than 30 issued or pending patents, a number of which have been 
licensed. Prof. Prausnitz also leads the Center for Drug Design, Development and Delivery, which 
includes approximately 50 faculty at Georgia Tech involved in a broad range of pharmaceutical research 
and educational activities.  
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Skin is special: exploiting it with practical microneedle devices for 

improved vaccines, and diagnosis of disease 
 

Professor Mark Kendall 
Delivery of Drugs and Genes Group (D2G2) 

Australian Institute for Bioengineering and Nanotechnology (AIBN) 
The University of Queensland, Australia 

m.kendall@uq.edu.au 
 
Efficiently targeting the skin’s immunologically sensitive cells holds the promise of advancing (1) 
immunogenicity of vaccines (through delivery); (2) diagnosis of disease (through extraction of disease 
biomarkers).  The application of practical, commercially-viable physical methods to the achievement of 
these goals presents unique challenges. 
 
My presentation will focus on the Nanopatch concept to meet both of these challenges. 
 
I will begin with the vaccine delivery application: targeting antigen directly to several thousand skin 
immune cells for improved immunogenicity – compared to existing delivery methods.  Then, I will explain 
how this targeting is achieved in practice, with a delivery device that is a set of projections (of microscale 
length with nanoscale tips), coated with drug substance and applied to the skin as a small patch.  The 
patch is pain-free and needle-free.   By eliminating the cold-chain, it is applicable to developing world 
vaccinations.  I will present Nanopatch configurations, coating approaches and demonstrate that 
Nanopatches deliver antigen directly to thousands of skin APCs.  The following outcome results will be 
reported: 

• resultant vaccinology progress of Nanopatch delivery (e.g. influenza vaccination and 100 fold 
dose-reduction compared to intramuscular injection; and improved immunogenicity of HPV 
vaccines).   

• Stability data confirming Nanopatches do not require refrigeration during storage and 
transportation. 

 
Then, my focus will switch to using similar geometry devices to extract biomarkers from skin for non-
invasive and rapid detection of disease.  I will introduce the idea and then present key findings achieved 
by extracting antibodies (influenza) and, separately, disease proteins (dengue NS1). 
 
 
Biography: Professor Mark Kendall has more than 13 years of experience researching and developing in 
the field of needle-free gene and drug delivery to skin with micro-nanostructures, authoring over 120 
refereed journal and conference papers. In addition, Mark has been an inventor on more than 32 patents 
and has worked closely with Industrial partners in the technology transfer from concept to 
commercialisation. His Biolistics technology has been successfully commercialised with PowderMed (the 
technology transfer company) purchased by Pfizer for $400 million in 2006. Recently, Mark co-founded 
Vaxxas Pty Ltd to develop his Nanopatch vaccine delivery technology as a product (securing $15 million 
of investment). In addition to his University academic appointment, Mark is also the Vaxxas Chief 
Technical Officer and a member of the Vaxxas Board. Mark joined the University of Queensland for a 
Professorial position after 8 years at the University of Oxford, where he was Associate Director of the 
PowderJect Centre for Gene and Drug Delivery Research, a University Research Lecturer and College 
Lecturer (Magdalen College). In addition to research at UQ, Mark lectures undergraduate students in 
biomedical fluid mechanics.  
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Transcutaneous vaccination by means of microneedles and 

polymeric nanoparticles 
 

J.A. Bouwstra, S.M. Bal, B. Slutter, W. Jiskoot 
Division of Drug Delivery Technology, Leiden/Amsterdam Center for Drug research, Leiden University, 

Leiden, The Netherlands 
Bouwstra@chem.leidenuniv.nl 

 
In transcutaneous vaccination the major hurdle is to overcome the skin barrier function, located in the 
outermost layer, the stratum corneum. This barrier can be circumvented by using microneedle arrays. In 
our studies we used solid microneedle arrays to pre-treat the skin prior to application of vaccine 
formulations.  In the first part of our studies the ability of microneedles to pierce human skin in vitro was 
studied. The studies showed that short microneedles are able to reproducible pierce human skin, but that 
the use of an applicator is warranted.  In subsequent clinical studies three differently shaped 300 µm long 
microneedle arrays were selected and fluorescein was applied either before or after piercing. The studies 
showed that the different microneedle arrays are able to form conduits in human skin in vivo and that the 
geometry of the microneedles influences the penetration of the fluorescent dye. The fluorescent intensity 
in the skin was higher if fluorescein was applied after piercing compared to before piercing. Finally, the 
safety in terms of skin irritation (skin redness and blood flow) and pain sensation were also examined. 
We applied microneedle arrays varying in length and shape on the ventral forearms of volunteers. We 
observed an effect of needle length on TEWL (transepidermal water loss). TEWL values after treatment 
with solid microneedle arrays of 400 μm were significantly increased compared to 200 μm. The blood 
flow, a measure for skin irritation, showed a similar trend: an increase in microneedle length resulted in 
an increase in blood flow. However, for all microneedles skin irritation was minimal and lasted less than 2 
hours.  
 
In subsequent vaccination studies in mice the efficiency of the microneedle arrays in combination with 
either an ovalbumin (OVA) solution, TMC/OVA mixtures, N-trimethyl chitosan (TMC) nanoparticles 
loaded with OVA or TMC-OVA conjugates was assessed. We chose for positively charged TMC 
formulations as they have been used successfully for mucosal vaccination. Our studies showed that 
microneedle pre-treatment drastically increase the OVA-specific IgG titres after transcutaneous 
immunisation. OVA loaded TMC nanoparticles were less efficient than TMC/OVA mixtures. However, 
TMC-OVA conjugates were most immunogenic after transcutaneous vaccination. These results 
demonstrate that a formulation which retains the co-delivery of antigen and adjuvant, while being as 
small as possible, is most suitable for transcutaneous vaccination.  
 
 
 

 
 
                           
Biography: Dr Joke A. Bouwstra is professor in drug delivery and responsible for the skin research at the 
Leiden/Amsterdam Center for Drug Research (LACDR). She is chair of  the Division of Drug Delivery 
Technology.  She received her M.Sc degree in Chemistry at the University of Utrecht in 1980 (cum 
laude), from which University she also received her PhD (1985). The title of her thesis is: 
“Thermodynamic and structural Investigations of mixed crystals”. After this rather physical-chemical 
oriented research, she became interested in the more applied field and was appointed as assistant 
professor at the LACDR. A few years later she started in the field of (trans)dermal drug delivery. In 1997 

Fig.1   Example of a conduit after pretreatment of microneedles in human skin 
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she became associate professor. In 2003 she was appointed as full professor. She enjoys working with 
PhD students, post-docs and technicians. Her group consists of around 15 researchers.  She published 
around 250 peer reviewed papers and is co-inventor of 9 patents. Currently the research subjects in her 
group are 1) understanding the skin barrier function in normal and in diseased skin. 2)  Culturing human 
skin equivalents mimicking barrier properties of normal and diseased skin. 3)  Design of novel 
formulations to repair the skin barrier function and 4) Transcutaneous and intradermal vaccination.  In 
2005 she was awarded with the "Simon Stevin Meesterschap" (€500.000) for fundamental research and 
knowledge transfer, while in 2011 she received the CERIES award (€ 40.000) for her research on the 
barrier of healthy skin. 
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Microneedle-based Drug Delivery ~ How Less Can be More 

 
K. Hansen 

 
3M Drug Delivery Sytems, 3M St. Paul, MN 55144 

kjhansen@mmm.com 
 
Clearly, intradermal delivery via solid or hollow microneedles, offers significant emotional and safety 
benefits to both the patient and the provider.  “Needle-free” technologies reduce anxiety and may 
increase compliance, especially for patients with chronic indications or in populations that resist routine 
medical treatment due to needle phobia.  The utilization of microneedle technologies will, ultimately, 
reduce the spread of disease via needle stick injury or reuse of contaminated needles.  These softer 
endpoints compliment the well documented therapeutic advantages associated with intradermal delivery 
of vaccines, for example, a delivery route that potentially provides significant cost savings associated with 
dose sparing or an improved immunization profile for certain sensitive populations.  How else can 
microneedles be used to actually improve the therapeutic profile of specific APIs or diagnostic tools?  
How are these ideas explored and verified? 
 
Human clinical data demonstrating advantageous PK profiles achieved via solid microneedle delivery will 
be shared along with data showing how microneedle pre-treatment may improve the efficacy associated 
with dermatologic procedures.   In-vivo data showing dose sparing of biologic and small molecule 
formulations administered via hollow microneedle delivery, as well as delivery of some novel formulations 
for therapeutic and diagnostic end points, will also be shared. 
 
                         
Biography: Kris Hansen is the MTS Technology & Product Development Manager for the microneedle 
platform at 3M Drug Delivery Systems in St. Paul, MN. R&D efforts within the team focus on the 
development of new solid and hollow microneedle-based delivery technologies, as well as the 
development of microneedle-based combination products. Prior to microneedles, Kris worked on the 
development of oral and inhalation delivery technologies from early- to late-stage products. She holds a 
PhD in Chemistry from the University of Colorado in Boulder, CO. 
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Biodegradable polymer microneedle separation in skin mediated by 

hydrogel swelling 
 

MinYoung Kim and Jung-Hwan Park 
Department of BioNano Technology, Gachon University,  
Seongnam-si, Gyeonggi-do, 461-701, Republic of Korea 

pa90201@kyungwon.ac.kr 
 
We developed a novel microneedle system for sustained transdermal drug release as a substitute for 
conventional sustained release methods to achieve the patient-friendly use. Biodegradable polymeric 
microneedles with volume expandable hydrogel microparticles caused the microneedle tips to break 
off after being inserted into the skin. The hydrogel particles expanded quickly by absorbing water, 
resulting in mechanical failure of the microneedles due to the difference in volume expansion between 
the needle matrix polymer and the hydrogel particles.  
The hydrogel microparticles were synthesized 
by an emulsification method using poly-N-isopropylacrylamide (PNIPAAm), which is temperaturesensitive 
and absorbs water quickly. The microneedles were fabricated by micromolding poly-lacticco- 
glycolic acid (PLGA) after filling the cavities of the mold with the hydrogel microparticles. The 
expansion rate was quantified by measuring the change in average volume of the particles as a 
function of time.  
The failure of microneedle tips encapsulating hydrogel microparticles was imaged 
by a scanning electron microscope in terms of contact time with water. Microneedle tips were 
successfully left behind in pocine skin in vitro and in hairless mouse skin in-vivo by expansion of the 
hydrogel microparticles. Sustained drug delivery in the skin can be achieved by breaking off the tips 
of biodegradable polymeric microneedles encapsulating hydrogel microparticles. 
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3 Pettis RJ, et al. Intradermal microneedle delivery of insulin lispro achieves faster insulin absorption and 
insulin action than subcutaneous injection. Diabetes Technol Ther 2011;13:435-442. 
 
Biography: Ron Pettis is a Principal Scientist and Senior Technology Manager in the areas of Diabetes 
Care and Advanced Medical Technologies with BD Technologies, NC, USA. He has 20 years of R&D 
experience in various aspects of parenteral drug delivery systems and pharmaceutical formulation, and 
has led numerous teams focused on pre-clinical biological testing, analytical method development, GMP 
manufacturing, and first-in-man human clinical studies, including over 20 clinical trials for microneedle 
function, drug kinetics, and imaging. He was involved in the technical development of the first 
commercially launched microneedle system, the BD Soluvia™ platform, and has developed and led 
numerous partnerships with pharma companies, national disease advocacy organizations, and academic 
and clinical research groups. Dr. Pettis is an inventor on 18 issued US patents and author on a dozen 
publications in various aspects of pharmaceutical and clinical research.  He received his BS in chemistry 
from the Georgia Institute of Technology, and M.S. and PhD in Chemistry from the University of NC at 
Chapel Hill.   
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A Novel Microneedle Device for ID Delivery of Vaccines:  

Clinical Experience and Commercial Opportunities 
Y. Levin

1
 and IFN. Hung

2 

1
NanoPass Technologies Ltd and the 

2
University of Hong Kong; yotam@nanopass.com 

 
Intradermal (ID) vaccine delivery has recently re-emerged as one of the most important and promising approaches to 
improve vaccines, especially in influenza, where both dose sparing1 as well as improved immunogenicity2 have been 
demonstrated. To date, most ID vaccination studies used the 101-year old Mantoux technique3 which is neither 
consistent nor reliable, and which requires trained personnel in maneuvering the needle into the 1–2mm thick dermis4. 
To address the needs for efficacy, safety and ease-of-use, newer mini-needle devices5 were developed.  
NanoPass developed MicronJet™ [Fig. 1], a true (<1mm) microneedle device. MicronJet™, which is made of hollow 
silicon microneedles, was shown to be safe and efficacious in low dose seasonal flu vaccination6. We now report two 
consecutive influenza studies: a phase I study (HKU-128) that we believe to be the first ID A/2009/h1n1 pandemic 
vaccine study and a phase II (HKU-149) ID seasonal flu study, which pioneered the comparison of multiple devices for 
ID vaccination. We have aimed to demonstrate safety and efficacy in seasonal and pandemic flu vaccines in some of 
the most challenging populations, the elderly.Both trialswerecarriedoutbyHong Kong University at Queen Mary 
Hospital, led by Principal Investigators Dr IFN Hung and Prof KY Yuen as follows: 
 
HKU-128 phase I intradermal pandemic flu study

7
 (Q1'2010, NCT01049490) 

Methods. A prospective, randomized trial comprising 35 chronically ill adults aged ≥21 years, approximately half being 
elderly. We compared low-dose (3µg HA) ID administration to full-dose (15µg HA) intramuscular (IM) administration of 
Panenza® (Sanofi Pasteur). Hemagglutination inhibition (HI) and microneutralization (MN) assays were performed at 
baseline, days 21 and 42 post immunization.  
Results [Fig 2]. Seroprotection, seroconversion and GMTs at days 21 and 42 were similar between the two groups. 
GMT fold increases were generally low. Local and systemic symptoms were similar between the groups, other than 
erythema, which was significantly more common in the ID group, consistent with previous studies.  
Conclusions. Dose-sparing 2009 influenza A (H1N1) immunization via ID route was equivalent in all immunogenicity 
markers at 21 days to full dose IM, with mild to moderate vaccine-associated reactions.  
 
HKU-149 phase II intradermal TIV seasonal flu study (Q1'2011, NCT01304563, submitted for publication) 

Methods. 262 of 282 recruited subjects with similar criteria, concluded the study. Subjects were randomly assigned 
into 4 groups. Groups ID3 and ID9 received reduced dose ID (3µg and 9µg of HA respectively) delivered by 
MicronJet600™. Group INT9 received 9µg delivered by Becton Dickinson’s Soluvia™ device (Intanza®9, Sanofi-
Pasteur, France). Control group IM15 received IM (15µg) Fluzone® (Sanofi-Pasteur). Results. At day 21, both 
seroconversion and seroprotection rates of the A/H1N1 strains by Microneutralization (MN) assay were significantly 
higher (p<0.001) among the three ID groups [Fig 3]. Non-inferiority of intradermal vaccines was also demonstrated for 
all other tests. No SAE's related to vaccination occurred in either study.  
Conclusions: Equivalent immunogenicity with acceptable systemic and local AE's was demonstrated in both studies, 
despite the use of 20% of the standard intramuscular dose. Further, in the HKU-149, superior immunogenicity over full 
dose IM delivery was shown even with the lowest ID dose (3ugr), at least in the h1n1 strain. ID immunization is an 
effective approach for improving influenza vaccine immunogenicity as well as dose sparing in the elderly. 

Fig 1. The original 

MicronJet™  
Fig 2. HKU-128: GMT HAIs (n=35) Fig 3. HKU-149: SeroConversion by MN (n=262) 
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DNA delivery to skin is enhanced by next generation electroporation 

devices that target dermal tissue. 
 

Kate E. Broderick, Amir S. Khan, Steve Kemmerrer and Niranjan Y. Sardesai 
Inovio Pharmaceuticals Inc., 1787 Sentry Parkway, Blue Bell, PA 19422. 

kbroderick@inovio.com 
 
The magnitude of the immune response to a DNA vaccine depends on three criteria - optimized vector 
design, optimized vaccine formulations with or without suitable molecular adjuvants and the successful 
delivery and subsequent expression of the DNA plasmid in the target tissue.   
Here, we discuss three novel concepts for DNA delivery to dermal tissue – a minimally-invasive 
electroporation device, a surface electroporation device and a non-contact electropermeabilization 
device.   
These prototype devices have been designed to operate under significantly lower voltage parameters 
than is customary for existing intramuscular electroporation devices leading to significant improvements 
in tolerability.   
We show that these devices results in robust and reproducible transfection of dermal tissue and that the 
resulting dermal transfection and subsequent antigen expression translates into potent immune 
responses.  When DNA encoding for the Influenza hemagglutinin (HA) antigen is delivered using the 
minimally-invasive and surface devices, we demonstrate 100 % protection in a mouse influenza 
challenge model as well as greater than 1:40 HAI protective titers in guinea pigs.  We also show that 
these devices are efficient delivery method for plasmid DNA in a broad spectrum of species and using 
multiple antigens.  Our results suggest that dermal electroporation/electropermeabilization devices may 
offer safe, tolerable and most importantly, efficient method to administer DNA vaccinations in a 
prophylactic clinical setting. 
                           
 
 
Biography: Dr. Kate Broderick is the Director of Research and Development for Inovio Pharmaceuticals 
based in San Diego, CA. Dr. Broderick joined Inovio in 2007 following academic positions at the 
University of Glasgow, Scotland and University of California, San Diego and has subsequently driven the 
company’s research to develop methodology for skin electroporation (EP). She is an expert in the area of 
transgene delivery and EP delivery systems and her group has developed several novel intradermal EP 
technologies. She has (co)written multiple peer reviewed papers and has contributed to several book 
chapters and review articles in the area of EP. Dr. Broderick has been invited to speak at multiple 
conferences, both nationally and internationally, on the topic of dermal EP and is also co-inventor on 
multiple international patents in the fields of intradermal and intramuscular EP. 
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Moving to active microneedle mediated drug delivery...the Janisys 

technology 
 

John O’Dea 
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The Janisys Active microneedle based transdermal drug delivery system was originally devised at HP 
Labs before being out-licensed to Ireland-based Crospon in 2007. The first system under development 
for pre-clinical evaluation allows 36 individual liquid doses to be delivered in a pre-programmed 
sequence, in addition to a bolusing facility. The system can accommodate a number of different liquid 
drugs to be delivered in the same patch. With a drug payload of approx. 200ul, each dose is contained in 
a holding cell which is in turn connected to a polymeric microneedle. The patch may be wirelessly 
programmed, and compliance of drug delivery can be wirelessly uploaded from the patch. This talk will 
present an overview of the ongoing development of the ongoing development of the technology and 
present early pre-clinical evaluation results. 
 
 
                         
Biography: With 20 years experience in the medical device industry, he has overseen the successful 
launch of eight electronic medical device products in the past fourteen years. He co-founded Caradyne, 
an Irish respiratory medical device company in 1998, which was selling products in 30 countries prior to 
its acquisition by Respironics Inc. in 2004. He holds Bachelor and Masters Degrees in Mechanical 
Engineering and a PhD in Electronics Engineering all from University College Dublin. Prior to founding 
Crospon, he served as General Manager of Respironics Ireland. In the past 20 years he has held R&D 
management positions in Nellcor Puritan Bennett and engineering positions in Digital Equipment Inc. and 
in Dataproducts Inc. . He is a named author on six issued U.S. patent families. He is currently a Vice 
President of Engineers Ireland and Adjunct Professor at the School of Engineering and Informatics at 
NUI Galway where he is Chairman of the External Advisory Board for the Irish Regenerative Medicine 
Institute (REMEDI). He is Vice Chairman of the Irish Medical Devices Association. 
 
 
 

14



 
MICRONEEDLE DELIVERY: TRANSLATING LABORATORY 

EFFECTIVENESS TO PATIENT USAGE 
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This conference will demonstrate that microneedles provide a viable means for delivering (locally or 
systemically) a wide range of model, therapeutic and immune-protective molecules, macromolecules and 
particles. As pre-clinical proof-of-concept becomes clinical and commercial reality we will surely begin to 
learn more about both the advantages and limitations (some of which will be unknown) of the delivery 
system. Whilst it is perhaps intuitive that a simple, pain-free, controllable and removable microneedle 
patch/injection will be well received by the stakeholders of the technology, the next few years will be 
critical as we assess performance rather than potential. 
 
In our laboratory we aim to address some remaining practical and clinical challenges and investigate 
potential new therapeutic possibilities. Our current projects focus on: i) Effective, reliable and self-
administrable microneedle penetration in human skin, with or without applicator systems, ii) Determining 
the nature and extent of local immune response in human skin following microneedle-assisted 
immunisation with particulate and DNA vaccines, iii) Developing biodegradable microneedles that 
stabilize and deliver protein therapeutics, iv) Optimising microneedle-facilitated delivery of nucleic acids, 
and v) Understanding how patients and clinicians will use the delivery system in clinical practice to 
reverse-engineer the product characteristics, administration procedures and applicator systems that are 
likely to prove effective and reproducible. 
 
Our studies in viable human skin confirm that microneedles can deliver a wide range of current and future 
therapeutic macromolecues including botulinum toxin, siRNA, plasmid DNA and particulate vaccines. The 
method of microneedle delivery (solid-coated, liquid-loaded, biodegradable) can be adapted for both the 
medication and clinical indication. Microneedle puncture into human skin (ex vivo and in vivo) is 
superficial and transient, resulting in significantly less skin trauma than that seen during hypodermic 
injection. Targeting vaccines to the human epidermis and dermis using microneedles results in 
considerable activation and migration of antigen presenting cells. 
 
Volunteer studies have identified many perceived benefits of the microneedle delivery system, including 
reduced pain, tissue damage and risk of transmitting infections compared with conventional injections. 
Delayed onset of action, increased cost, inaccurate or irreproducible dosing following self-administration 
and the potential for misuse were raised as potential concerns. Regulating the way that patients will 
administer microneedles may be required to ensure effective and reproducible microneedle penetration in 
the clinical setting.  
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Clockwise from Left:  500um tall open tip, 500um tall split needles, Hexagonal-shaped array, figure from 

10x Technology patent on continuous production of hollow Microneedles, 500um tall-200 base-1um tip 

METHODS TO DESIGN AND MANUFACTURE SOLID AND HOLLOW 

MICRONEEDLES AT SCALE 

 
Continuous manufacturing method replicates precision micro-structures consistently at low cost to 

enable widespread adoption of microneedle drug delivery technology 
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2
 

1
VentureLab Inc. 

2
10x Technology LLC 

lkh@theventurelab.com 
 
The team at 10x Technology has successfully designed, replicated and manufactured micro-needle arrays for 
drug delivery.   The microneedles produced include several different designs replicated in several different 
polymers.  Designs include solid and hollow, for which 10x Technology was recently issued patent US 
7,708,544 B23 as well as various shapes and aspect ratios.  Aspect ratios in excess of 4-to-1 have been 
achieved with 1um tip radii. 
 
Besides the issued patent, this work differs in that the methods employed to replicate and manufacture are 
inherently scalable, continuous, and can be used to produce millions of units in a range of FDA approved 
polymers at a low cost per unit (cents).  This work also demonstrates greater consistency of sub-micron 
tolerances relative to previous methods, such as a surface finish of 5 nanometers and work in a variety of 
material types including metal and polymer substrates. 
 
The methods employed to create these needles include (1) the original 
mastering of the part from a design such as a CAD drawing, (2) a 
method of replicating that master into tooling, and a (3) method to use 
that tooling to continuously manufacture the microneedles in a variety of 
polymeric substrates.  Each of these methods will be discussed in further 
detail during the poster presentation. 
 
The SEMs below show three different designs replicated using the 
methods.  These designs were done in collaboration with University 
professors and 10x customers.  10x routinely works with the academic 
community as well as commercial innovators to turn unique designs into 
molds and manufacture-able product.   
 
Importantly, the process was able to demonstrate accurate and 
consistent replication from needle to needle and from array to array.   
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MANUFACTURABLE, MICRONEEDLE-BASED DRY ELECTRODES 

FOR BIOSENSING APPLICATIONS 
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Microneedles have generated significant interest for use in transdermal drug and vaccine delivery, but 
electrically conductive microneedles may also be used for a range of diagnostics such as sensing and 
physiological signal monitoring, including electrocardiography (ECG), electromyography (EMG) and 
electroencephalography (EEG). Traditional physiological sensing electrodes generally utilize an 
electrolytic gel to ensure good skin-electrode electrical contact, and may also require skin abrasion prior 
to electrode application – a procedure that is time-consuming and uncomfortable for many patients. In 
contrast, microneedle-based ‘dry electrodes’ bypass the skin’s highly resistive stratum corneum and 
contact the highly conductive epidermal layers, thereby reducing electrode-skin impedance and 
enhancing measurement accuracy while eliminating the need for skin abrasion or gel application prior to 
electrode attachment. Furthermore, microneedle lengths can be such that they do not stimulate nerve 
cells within the underlying skin layers, and so the use of these arrays is painless.  
 
Generally, the manufacture of silicon microneedle electrodes either requires the use of additional process 
steps to create a through-silicon via (TSV), or to conformally coat each individual electrode in order to 
establish electrical contact between the front and back of the electrode.  
 
Instead, this work has used anisotropic potassium hydroxide wet etching and double-sided wafer 
patterning to simultaneously create a microneedle array on the front side of the wafer, and a through-
silicon via from the back side. Metal deposition on both the front and back of the wafer then establishes 
electrical contact through this via between both sides of the electrode. This new technique eliminates the 
limitations associated with other approaches that are used to create front-to-back electrical contact and 
that may be slow or cumbersome.  
 
The resulting microneedles have a nominal height of 300μm. These arrays have been incorporated into 
wearable prototypes, and in-vivo verification tests have been performed. Static and dynamic ECG and 
EMG measurements show good results in terms of signal acquisition and fidelity, and prove the ability of 
dry microneedle electrodes to accurately record physiological signals. 
 
 
 
 
 

Fig.1   Prototype microneedle-based dry 
electrodes. A standard wet electrode is 
shown on the rear left of the image. 

Fig.2   Comparison of electrocardiograms 
measured using traditional wet 
electrodes and new dry electrodes. 
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Measuring penetration Forces of Microneedles 
Horst Liebl 

hl@dermaroller.de 
 

The main purpose of our test was to find out what minimum forces are required on Transdermal Drug 
Delivery (TDD) devices for an effective skin penetration und drug delivery.  
No doubt, in most cases hypodermic needles cause pain and this trauma is memorised and may result 
in a life long needle phobia. Transdermal Drug Delivery with microneedles should be effective and 
free of pain. The term pain must be differentiated in pain by nerve sensation caused by needles and 
“pressure pain” caused by high penetration forces on the delivery device. However, where is the sense 
when short (20 µm) but relatively dull and densely arranged needles cause high penetration forces that 
may result in pressure pain sensation and ultimately in hematomas. Babies are the first vaccination 
targets and they should be treated a gentle as possible. Therefore it does not make sense to treat them 
with devices that require penetration forces of 2 kg and often more. 
 
It is quite a challenge to measure the penetration forces of microneedles in vivo. Since we are manu-
facturers that lack of highly sophisticated measuring equipment and human cadaver skin one may find 
in university clinics, we set up a relatively simple test set to get at least some indications what forces 
are required to overcome the human Stratum Corneum (SC).  
 
Penetration forces to overcome the skin barrier Stratum Corneum are dependant on the following cri-
teria: 
 

1. Microneedle tip radius 
2. Microneedle tip angle 
3. Microneedle material 
4. Distance from tip to tip 
5. Needle tips per cm2 

 
In order to get an indication what forces are required to penetrate a thin plastic foil (< 25 µm), we 
would like to propose the following set-up: 

 
 
 
 
 
 

 
                            Set-up    Penetration results with MN of 0.5 mm vs. pressure 
 
 
Friesenheim, France, March 2012 
Horst Liebl 
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Microneedles are a potentially “painless” technique for administration of therapeutic agents or vaccines to 
patients. The tip of the needle has to be sharp and the shaft of the needle has to be slim to reduce the 
insertion force during skin penetration through the epidermis. The material used to fabricate the 
microneedles is also important when considering any reaction to the material during or after the injection. 
In this paper, the fabrication of hollow silicon microneedles is reported. Silicon has proven biocompatibility 
and can be fabricated using standard semiconductor processes which allow large volume production and 
low manufacturing cost. In addition, the silicon microneedle can be used as standalone device or as part 
of an integrated smart microfluidic system. In this paper, MEMS and microfluidics processes are used to 
fabricate different types of silicon microneedles (Figure 1) for both drug delivery and blood sampling 
applications. Microneedle fabrication processes used include photolithography, deep reactive ion etching 
and wet chemical etching techniques.  
 
Solid out of plane canonical microneedle arrays (Fig 1a) are easily fabricated and can be used in vaccine 
delivery applications. The vaccine can be coated on the microneedles and diffuses into the patient’s body 
during skin penetration (1). However, the volume of vaccine that can be delivered by coated microneedles 
is limited. Thus, cylindrical needles with a reservoir cavity (Fig 1b) were produced for large dosage 
vaccine delivery applications. Both solid canonical microneedles and cylindrical microneedles with 
reservoir cavities can be integrated in transdermal patches to deliver a single dose of drug or vaccine. 
 
A continuous drug delivery mechanism, using microneedles, can only be achieved using hollow 
microneedles. The hollow microneedles can be integrated into a smart biomedical device consisting of a 
biosensor, blood sampling and drug delivery mechanisms. The microneedles can be used to extract the 
blood sample for analysis, the sensor can detect a particular biomarker and subsequently controlled drug 
delivery can be applied through a second set of microneedles. For blood sampling, hollow microneedles 
longer than 700μm are required – in order to reach the blood vessel (2). This length of hollow needle 
presents highly challenging fabrication demands. 
 
In this paper, we have demonstrated processes to fabricate hollow microneedle arrays outer needle 
length of 635um. The lumen of the microneedle has a diameter of 100um and has been etched right 
through the 1mm wafer (refer to Fig 1c). Tapered tips were then produced by sharpening the 
microneedles using a wet chemical technique. Finally, a integrated hollow microneedle array injection 
prototype (Fig 1d) was constructed. Hollow silicon microneedle arrays are a potentially low-cost and pain 
free alternative to conventional drug delivery and blood sampling systems. 
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Fig.1   (a) Solid canonical microneedles (b) Cylindrical microneedles with inner reservoir cavities (c) 

Tapered tip hollow microneedles (d) Integrated hollow microneedle arrays injection prototype 
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Microneedles have been extensively studied as efficient delivery tools for therapeutic compounds 

through skins [1]. Most investigations of microneedles were focused on their fabrication, drug delivery 
performance, and in vivo safety. Unlike common applications of micro-needles to the transdermal 
delivery, we attempt to apply microneedle devices to the treatment of vascular diseases [2]. Surgical 
bypass grafting is the most common practice to treat coronary arteriosclerosis. However, restenosis at 
surgical sites often occurs due to either abnormal growth of smooth muscle cells (SMCs) or inflammation 
at the wound site. Thus, we have developed vascular drug delivery devices that are made of a 
biodegradable polymer and contain an array of microneedles with high aspect ratio. This micro needle 
device is designed to wrap around the external surface of blood vessels and to have the tip ends of 
microneedles inserted into the tunica media layer of SMCs.  

In this study, we introduce a low-temperature micro-drawing method to fabricate biodegradable 
microneedles with high aspect ratios. Since the fabrication is performed at low temperatures below 50℃, 
thermally-sensitive drugs such as growth factors, peptides, and oligonucleotides can be incorporated in 
biodegradable microneedles. A polymer solution of a biodegradable polymer (70/30PLGA) dissolved in 
DMSO was prepared to have a relatively low viscosity and it was placed on a glass substrate. Then, it was 
heated up to 50℃ using thermoelectric heating elements. The initial mixing ratio of the polymer solution 
was 50:50 (w:w). After heating the polymer solution on the glass substrate for 20 minutes, viscosity 
increases by solvent evaporation. Then, the polymer solution was slowly drawn until it formed a desired 
needle shape with the diameter of 50㎛. Then the polymer solution was drawn to a desired height using a 
z-direction micro-manipulator. When the drawn polymer solution formed a neck, the polymer solution was 
cooled down to the glass transition of the polymer by changing the polarity of the current of thermoelectric 
device. And the stiffen polymer at the neck separated by fast pulling. Finally, the micro needles were kept 
in a vacuum oven to remove any residual solvents until it becomes rigid.  
  It is also demonstrated that the shape of microneedles can be controlled by varying drawing speed. 
Fast drawing resulted in forming microneedles of low aspect ratio, while slow drawing produced thin and 
slender microneedles (Fig. 1).  
 Ex vivo and in vivo penetration tests were performed using canine and porcine arteries. 
Histopahtological analysis confirmed that microneedles were able to penetrate into tunica adventitia and 
media layers (Fig. 2). This result indicates that microneedles coated or mixed with drugs can deliver 
directly to the inner layer of vascular tissues to treat vascular diseases more effectively. Furthermore, the 
mechanical strengths and the drug delivery capability of the micro-needles are also analysed and 
characterized.  
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 Fig.1 Images of microneedle shapes according to 
various drawing speeds.  The needle shapes of 
drawing speed on (a) 18㎛/s, (b) 90㎛/s, (c) 
180㎛/s. (d) SEM image of microneedle array 

Fig.2 Image of a partial 
penetration of 
media layer on 
nearby SMCs. 
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Introduction 

Microneedles which are small micron scale projections are applied to skin to create pores, 
allowing the passage of hydrophilic drugs. Biocompatible microneedles have recently received attention 
with several fabrication methods being developed. However the fabrication approaches used for these 
microneedles involve use of high temperature, vacuum or prolonged exposure to UV light which may be 
potentially harmful to drugs [1, 2]. In this study we fabricated microneedles from a biocompatible polymer, 
namely, poly (ethylene glycol) diacrylate by photolithography. The microneedle length and tip diameter 
could be controlled. The microneedles were shown to be able to penetrate cadaver pig skins. Model 
chemical and biological drugs, namely rhodamine B and bovine serum albumin, were encapsulated in the 
polymeric needles, which were released in an in vitro medium and across the rat skin in an in vitro 
permeation study. The stability of bovine serum albumin was analyzed by testing its primary, secondary 
and tertiary structural characteristics. The cytotoxicity of the microneedles was also tested on three 
different cell lines. 
 
Results and discussion 

To fabricate microneedles, a photocrosslinkable polymer, i.e., poly (ethylene glycol) diacrylate 
(PEGDA) containing photoinitiator (prepolymer solution) was placed between a coated glass coverslip 
and a piece of glass slide with a photomask on top. Glass slips were used as spacers define the length of 
microneedles. The prepolymer solution was then irradiated through a photomask with UV light. The 
fabricated needles had a base diameter of 300 µm and center-to-center spacing of 1500 µm. The 
microneedle length could be varied between 299 ± 8 µm to 1387 ± 35 µm and tip diameter between 174 
± 22 µm to 260 ± 13 µm, respectively. To ascertain that microneedles penetrate the skin, cadaver pig 
skin was used. Microneedle insertion was demonstrated by trypan blue and hematoxylin and eosin 
staining. Encapsulation of both rhodamine B and bovine serum albumin could be achieved in 
microneedle shafts as well as backing layer and drug distribution was uniform. Both drugs were released 
in an in vitro medium comprising of phosphate buffered saline. While rhodamine B showed a slower 
release profile with over 60% of the drug released in one week’s time, BSA was rapidly released within 6 
hours. The ability of microneedles to increase skin permeability of rhodamine B was assessed using rat 
skin. Microneedle increased the total amount permeated by 3.89 fold as compared to a propylene glycol 
solution of rhodamine B. It is important that the fabrication process is feasible for drug encapsulation 
without significantly hampering the stability of drugs. The stability assays (SDS-PAGE, circular dichroism 
and fluorescence spectroscopy) for bovine serum albumin revealed that structural characteristics of the 
protein were intact and fabrication process had little influence on the protein stability. Biocompatibility of 
PEGDA was assessed by the viability of human dermal fibroblasts (HDF), human adult low calcium high 
temperature (HaCaT) keratinocytes and human embryonic kidney (HEK293) cells by colorimetric 
determination of mitochondrial succinate dehydrogenase activity using the MTT assay. High cell 
viabilities with respect to the control were found for exposure of cells to polymeric extracts up to 72 
hours, indicating the polymers used for fabricating microneedles were safe.  
 
Conclusion 

A novel method for microneedle fabrication was devised with specific control of microneedle 
geometry. Model chemical and biological drugs could be encapsulated n the microneedles uniformly and 
were stable post microneedle fabrication. Conclusively, the prepared microneedles are expected to serve 
as a potentially useful drug delivery system to deliver biological drugs. 
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The emerging trend for point-of-care instrumentation is driving the development of miniaturised systems capable 
of reliable and rapid quantification of a wide range of biomolecules.

1–4
 At present, glucose detection is of major 

importance due to the increasing prevalence of diabetes mellitus.
5
 The dominant assay paradigm for measurement 

of glucose is based on a blood droplet obtained from a finger pin prick; a process which can be painful.  Silicon 
microneedles were proposed as a method to painlessly deliver drugs past the stratum corneum and have been 
fabricated in several designs.  To date, both solid and hollow silicon microneedles have been fabricated and have 
found use in a number of application areas including transdermal drug delivery and sensing of the interstitial fluid.   
 

In this work, we present a rapid low-cost replication approach for fabrication of polymer microneedles for 
electrochemical sensing of interstitial fluids.  In this approach, an initial polydimethylsiloxane (PDMS) mould was 
cast against a silicon wafer bearing solid silicon microneedles cured and peeled from the silicon substrate.  This 
mould was then filled with a polymethylmethacrylate (PMMA) solution and cured in-situ using UV irradiation; see 
Figure 1a.  A gold layer was then evaporated onto both front and back facets of the PMMA substrate and 
electrically connected using silver paint.  A PMMA passivation layer was then spin coated over the metallised 
microneedle array and placed in an oven at 60˚C to allow the PMMA to recede from the tips of the micro-needles 
thus exposing the gold underneath.  The PMMA was then cured to form a permanent passivation layer see Figure 
1b.  Finally to complete device fabrication a wire was connected to the back facet using silver loaded epoxy glue 
and passivated in PMMA to prevent unwanted electrochemical reactions.   
 

To confirm electrochemical functionality of the microneedle array, cyclic voltammetry was carried out in 1 mM 
ferrocene monocarboxylic acid and exhibits characteristic electrochemical behaviour, see Figure 1c. More recently, 
microneedle arrays have also been shown to demonstrate current response to electrochemical based enzyme-
mediated glucose detection. 
 

 
Figure 1:, (a) SEM image of or portion of a replicated microneedle array. (b) passivated microneedle with gold tip 

exposed and (c) cyclic voltammogram of ferrocene monocarboxylic acid 
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Measles is one of the leading causes of vaccine-preventable childhood mortality. Many vaccines, 
including measles vaccine, are given by subcutaneous injection. This method of delivery has several 
disadvantages. Injections require trained personnel (with associated high cost and limited availability) and 
safe injection and disposal practices (with associated cost and risk). Another hurdle is the requirement of 
the cold chain for proper vaccine storage. We propose the use of a microneedle patch to address some 
of these limitations. Microneedles are micron-scale, solid needles coated with a dry formulation of vaccine 
that rapidly dissolves in the skin upon patch application. Unfortunately, as with many live virus vaccines, 
measles virus loses activity during drying and subsequent storage. The goal of this project is to use high-
throughput screening to optimize microneedle coating formulations that increase the stability of measles 
vaccine dried onto microneedles. 
 
A standard method for determining measles virus titer is to use endpoint dilution to determine the 50% 
tissue culture infecting dose (TCID50). A TCID50 assay involves infecting Vero cells with increasing 
dilutions of measles virus and observing plaque formation. This assay is both time-consuming and relies 
in large part on the skill of the technician performing the work. Studies have shown that tests between 
different labs can differ by up to 1.0 log10(TCID50). A recombinant measles vaccine virus has been 
constructed which includes an additional gene coding for the green fluorescent protein (MeV-GFP).1 This 
allows for the detection of viral growth by measuring the accumulation of GFP in infected cells using a 
fluorometer. Using MeV-GFP, an assay was developed that can rapidly measure viral viability. With this 
assay, hundreds of formulations can be tested in a short period of time. We believe this could greatly aid 
the efforts to stabilize measles vaccine on a microneedle delivery system. 
 
Initial studies have shown that drying the measles vaccine with additives required for successful 
microneedle coating is detrimental to viability. After drying, the virus lost more than 2 log10(TCID50) units of 
infectivity. After screening a small number of excipients, it was found that trehalose had a positive effect 
on stability after drying. Altering the base solution used in the coating formulation also proved crucial. 
Removing PBS mitigated virtually all of the viability loss after 1 day of drying at room temperature. 
Extended stability studies were also performed. After 1 month at 25oC, the dried measles vaccine lost less 
than 0.75 log10(TCID50). Studies at 37oC showed greater loss after extended time points. This information 
has led us to start an expansive excipient screen. The purpose of this screen is to create a dried measles 
vaccine formulation which can maintain viability at elevated temperatures. The new MeV-GFP-based 
assay makes this screen both simpler and more efficient to carry out. A microneedle patch containing a 
temperature-stable measles vaccine would be a major advance towards the goal of worldwide measles 
eradication. 
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Erythropoietin (EPO) is a therapeutic protein, used for the treatment of anemia associated with chronic 
renal failure. It is administered by either intravenous or subcutaneous injection and must be stored under 
refrigeration (2 - 8oC) to maintain long term stability. A novel transdermal microneedle delivery system 
(ZP-EPO) was used to demonstrate room temperature storage stability, and delivery of 
pharmacologically relevant doses of EPO. 
 
The ZP-EPO transdermal system consists of an array of titanium microprojections attached to the center 
of an adhesive patch. The drug formulation is coated on the tip of each microprojection (1). Upon 
application to skin, the microprojections mechanically create new pathways through the stratum corneum 
and into the epidermis.  The drug is reconstituted by the local interstitial fluid and is available for 
absorption into the systemic circulation. The pharmacokinetic performance of the ZP-EPO transdermal 
system was evaluated relative to conventional needle administration. 
 
We successfully applied a pre-formulation process to concentrate EPO up to 200 mg/mL and further 
formulated it to enable accurate and uniform coating on a ZP-EPO patch.  EPO liquid formulation 
exhibited Newtonian behavior and had a contact angle of ca. 45o on the coating substrate, titanium. 
Within the study period the EPO coated microprojection patches exhibited excellent stability under 
ambient conditions. EPO-coated ZP patches were stable at 25oC storage for at least 3 months. 
Bioactivity as determined using reticuloycte counts in polycythaemic mice was also maintained following 
the coating process.  
 
Preclinical delivery studies in a rat model showed high drug delivery efficiency and a linear dose 
response at therapeutically relevant doses. The PK profile was similar to commercially available 
subcutaneous injectable product. Plasma levels were maintained over 72 hours with Tmax at 6-12hr and 
a plasma half-life of 12hr. These values were comparable to both subcutaneous injection and published 
data (2). ZP-EPO patches had relative exposure values of 86 – 109 % to the 5,000 IU SC comparator. 
Bioactivity of the absorbed EPO was confirmed using reticulocyte counts. The ZP-EPO patch delivery 
produced no significant topical effects. These results suggest that delivery of EPO by a novel 
microneedle transdermal system may be a safe and efficient alternative to the currently available 
injection. 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.1  Stability of EPO-coated microneedle packaged 
systems stored at 25oC/60% RH

Fig.2  EPO plasma concentration  verses administered 
dose demonstrated a linear dose response.
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Fig.1  Stability of EPO-coated microneedle packaged 
systems stored at 25oC/60% RH

Fig.2  EPO plasma concentration  verses administered 
dose demonstrated a linear dose response.
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In recent years different materials have been studied for the fabrication of microneedles, silicon being the 
most popular one. However, the main drawbacks of this material are its rigidity and brittleness [1, 2, 3], 
especially during chronic research studies. These drawbacks have encouraged researchers to develop 
more flexible materials, such as polymers. Polyimide, parylene, benzocyclobutene (BCB) and SU-8 have 
been widely investigated as alternative substrates to silicon. The polymer SU-8 offers the possibility of 
adjusting the thickness of the probe to easily overcome an excess of flexibility, which has been reported 
as a relevant problem during the penetration for other polymer based probes. In addition, SU-8 based 
microtechnology has demonstrated high aspect-ratio capability and low-cost fabrication, and it is 
especially suitable for integrated microfluidic applications [1].   
Microneedles based on SU-8 technology have been already used for the monitorization of living tissues 
such as a rat kidney, Fig. 1 a). It has been verified that an ischemia-reperfusion episode can be detected 
by real-time measurements of electrical impedance employing SU-8 needles [3]. In this case, ischemia 
was induced by clamping the kidney artery after which it was released and blood reperfusion ensued. As 
expected, there was a substantial increase in the impedance module for all the frecuency range during 
ischemic period. This is attributed to the occurrence of a hypoxic edema as a result of cell swelling, which 
causes an increase of the extracellular resistance. This result confirms the viability of the SU-8 technology 
for the monitorization of organs. Hence, this application has been focused towards the transplant of 
organs. At present, the transplantation protocol does not guarantee the preservation of the organ during 
the transportation from donor to recipient. It is believed that organ viability could be controlled during 
transplantation using SU-8 based microneedles. 
Additionally, recent results have demonstrated the feasibility to create SU-8 based multisite electrode 
microneedles for neural activity recording in the same signal-to-noise level than standard silicon based 
probes [4]. SU-8 micromachining technology has been optimized in order to locate the electrodes at the 
needle surface and as a result, improve electrode-neuron contact, Fig. 1 b). In vivo action potential and 
local field potential recordings were successfully obtained from the rat dorsal hippocampus. Peak-to-peak 
amplitudes of action potentials ranged from noise level to up to 400-500 µV. Moreover, different amplitude 
and shape of action potentials recorded from each electrode suggested the capability of the needle to 
distinguish from different neural sources.  

    
 

Fig.1 a) SU-8 microneedle for living tissue monitoring and b) SEM pictures of a SU-8 microneedle with the 
tetrode at the needle surface for enhanced neural activity recording.        
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Microneedles are well appropriate and have been used for (trans)dermal drug delivery in various 
settings, and have been proposed for diagnostic purposes as well. We developed an efficient fabrication 
process to produce microneedle arrays of porous silicon (PSI) over a range of different lengths and 
needle shapes. Best performance in insertion and stability is achieved by very sharp needles of 
pyramidal shape. Typical lengths are about 200 µm (cf. Fig 1) 
 
PSI microneedle arrays are biocompatible1 and biodegradable2 and can be mass-produced very 
precisely with MEMS technologies such as photolithography, deep reactive ion etching and 
electrochemical etching. The typical size of microneedle arrays ranges from 1*1 mm² to 10*10 mm² – 
comprising 25 to >2000 per array. The microneedles can be coated with vaccines or peptides, or loaded 
with low-molecular-weight drugs into the porous structure with pore sizes in the order of 5 – 20 nm (Fig. 
2). 
 
A combination of the microneedle array with patches holding a reservoir is also feasible by perforating 
the base of the array with pores or micro holes. Using this approach the well-known risk of clogging of 
channels at the tip of needles is omitted. So, microneedles open the pathway for new transdermal drug 
delivery applications with a broad range of new substances. 
 
 
 

 
 
 

                          

 
References  
 
1. E.J. Anglin et al., “Porous Silicon in drug delivery devices and materials”, Advanced Drug Delivery Reviews 60 

(2008)  
2.  E. Pastor et al. “Influence of porous silicon oxidation on its behaviour in simulated body fluid”, phys. stat. sol. (c) 4, 
No. 6 (2007) 

Fig.1  SEM Picture of a Porous Silicon microneedle array 

Fig.2  45° side view on the nano porous structure of a 
microneedle array 

Fig.3 pH-Indicator showing skin 
punctuated with Bosch microneedles 
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A novel three dimensional electrode that aims at recording neurological signals has been developed from 
the combination of silicon fabrication techniques and chemical polymerization. The techniques proposed 
here avoid part of the problems related to the tuning of parameters for the etching of sharp slopes (a 
requirement in the fabrication of microneedles). On top of that, the use of chemical polymerization of the 
tall structures with very steep walls solves the problem of step coverage during their metallization, as it 
can be the case of microneedle fabrication.  
 
We report an etching sequence that forms accentuated scallops on the sidewalls of the needles

1
. The 

resulting electrodes are as shown in fig. 1, where their characteristic scalloped profile is clearly visible. 
The impedance of these electrodes was measured and showed a significant decrease in impedance in 
comparison with equivalent planar electrodes. 
 
In addition, the use of a novel combination of deposition and patterning of conductive polymers

2
, like 

polyaniline and polypyrrole, guarantees a total coverage of all surfaces, avoiding poor metallization results 
that are a potential issue in the presence of very tall and steep walls. An electrochemical characterization 
of gold/polypyrrole electrodes showed exceptional electrochemical behaviour and activity due to the 
presence of the conducting polymer film, and preliminary results showed that PC12 cells were able to 
thrive in the environment of the polymer electrodes. 
 
In conclusion, we present three dimensional electrodes with a scalloped profile to reduce the overall 
impedance, and a novel coating technique based in biocompatible conductive polymers that renders 
silicon surfaces conductive, even in presence of areas that may prove difficult to reach by standard 
metallization methods.  
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Fig.1   Scalloped electrode fabricated in 

silicon. 

Fig.2   Image of a polyaniline coated chip with 

needle array (center). 
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Abstract nowadays microneedle (MN) mediated intradermal vaccine delivery holds a potential 
of successful vaccination.  Since its breaches the stratum corneum and deliver vaccine to the 
skin viable which contains an abundance of immunocompetent cells. However, most vaccines 
are administered using hypodermic injections, which bypass valuable immune cells in the 
epidermis and dermis of the skin. Therefore, polymeric microneedles (MN) for vaccine delivery 
were proposed as a potential replacement for needles as they may target immune cells located 
in the skin leading to a robust immune response [1].  

Purpose The aim of the present work is to determine the efficacy of polymeric MNs in 
intradermal delivery of a model antigen in vivo.  

Methods MNs were prepared from aqueous blends of 20%w/v poly (methyl vinyl ether/maleic 
acid) (PMVE/MA) loaded with the model antigen ovalbumin (OVA).  Laser-engineered moulds 
were filled with polymer mixture and centrifuged. MNs were left to dry, then manually removed 
from the moulds [2]. For in vivo visualization of dendritic cells (DCs), MNs were loaded with 2.5 
mg FITC-OVA then applied on ears of mice and left for 24 hrs. Lymph Nodes (LNs) were 
isolated and DCs were purified. After staining DCs with CD11C and MHCII, percentage of OVA 
++DCs in the lymph node was measured using flow cytometry. Four groups of mice (n= 4 C57 
BL mice per group) were immunized with MN loaded with 2.5 mg OVA; injected with OVA 
intradermally; blank MNs (without OVA) or PBS alone. Immune responses were evaluated by 
IgG levels.   

Results The in vivo results showed that application of MNs loaded with FITC-OVA resulted in 
19% of OVA++ DCs in LNs, which indicated that FITC-OVA was actively taken up by dendritic 
cells and migrated to lymph nodes. The migration of antigen is a primary event in initiation of 
humoral and cellular immune response. The results of immunization study showed that IgG anti 
ovalbumin level in the group immunized with MNs loaded with OVA was 7 times higher than the 
IgG level of the group injected with OVA intradermally.    

Conclusion This study demonstrates that vaccine delivery using polymeric microneedles could 
provide a significant improvement in clinical practice. It represents a suitable approach for 
possible self-administration and that would ensure mass vaccination.  
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Overview of research: 

Our approach is to develop new routes for microneedle manufacture primarily using micro-injection 

moulding (µIM) processes with high performance engineering thermoplastics. Despite the 

extraordinary versatility of these materials, there is one property that markedly reduces the ability to 

coat these devices with APIs, namely a highly hydrophobic surface. These problems arise because the 

plastic surfaces have relatively poor wetting and adhesion properties, which are due to the low surface 

energy and absence of polar surface groups. A well documented solution for this problem is the use of 

plasma treatment of polymers to increase the surface energy, so here we have developed techniques to 

assess the surface free energy of polymer surfaces before and after plasma treatment.  Three candidate 

materials for microneedle manufacture have been selected based on their mechanical properties, 

rheological behaviour and biocompatibility – PC (Makrolon RX1805), PEEK (Optima LT-3) and LCP 

(Vectra B230).  Moulded specimens of each material have subsequently been manufactured using a 

µIM process and samples from each production batch have been subjected to a range of plasma 

treatment methods.  These samples have then been immersed into BSA solution to study the protein 

adsorption on the polymer surfaces. Sample surface structures before and after plasma treatment were 

studied using AFM (Asylum Research MFP-3D)  and surface energies have been measured using 

contact angle measurement (FTA 1000B) and calculated using Owens-Wendt theory.  Finally 

adsorption performance for each sample set was assed using AFM.  Initial results indicate that plasma 

treatment significantly increases surface energy and roughness, resulting in better adsorption and 

adhesion of BSA (Bovine Serum Albumin). 

Results: 
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Fig 1.AFM image of Plasma treated 

PEEK  

Surface Roughness:  15.712nm 

Fig 2.AFM image of Untreated PEEK 

Surface Roughness: 6.48nm 

 
Fig 3.AFM image of PEEK+50µg/mL BSA  

(High Resolution) 

Fig 4.Contact Angle of Untreated PEEK 

Contact Angle =81.86° 

Fig 5.Contact Angle of 30mins Plasma Treated 

PEEK 

Contact Angle =16.66° 
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This paper reports for the first time on the design and characterization of a novel monolithic system 
comprising an SU-8 polymer-based,
array on a polymer platform for transdermal drug delivery. The entire monolithic system was fabricated by 
standard lithography techniques utilizing the photosensitive nature of SU
the microneedle array has demonstrated that the microneedles are hollow throughout their entire lumen 
length and continuous through the platform as well. This has adequately been proven by pumping 
coloured dye through the hollow need
between the needle shaft and the platform showed that each microneedle can withstand upto 710 MPa of 
shear stress, which should be sufficient for enduring lateral forces in the skin during th
needle insertion. Compressive load testing was performed on the entire array of microneedles to 
determine the critical failure load which was found to be 230 mN on average per microneedle. Insertion 
force into agar gel was measured to be 7 mN 
indicate that insertion force into the skin can range between 30 mN to 100 mN depending on needle 
sharpness as well as region of the body where the insertion is being carried out
if insertion force is around 100 mN, the microneedle still demonstrates a safety factor of more than 2 
which shows adequate strength for skin puncturing without breakage.
 
This work differs significantly from previous work published by our group
successful results of polymer microneedles on a polymer platform are being reported. Previously, the 
work was only reported as ongoing. Further, to our best knowledge, no other group has yet successfully 
demonstrated such a novel process for fabricating a monolithic platform
high-aspect ratio yet sufficiently strong (for skin penetration) SU
 
 

Fig. 1     Fig. 2
 
Fig. 1: SEM of the monolithic system: sharp bevel
thickness, 66 µm inner diameter, standing out
Side view of the SU- 8 needles standing on the SU
the bores are continuous throughout the lumen of the corresponding triangular ne
thickness; Fig. 3: (above) Another view of triangular cross
Coloured water jets ejecting through the same microneedles proving the lumens are hollow throughout;  Fig. 
4: Load- displacement graph depicting the failure force to be 10.35 N for an array of 45 microneedles or, 230 
mN on average for each microneedle.
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s paper reports for the first time on the design and characterization of a novel monolithic system 
based, out-of-plane, hollow, high-aspect ratio, sharp

array on a polymer platform for transdermal drug delivery. The entire monolithic system was fabricated by 
standard lithography techniques utilizing the photosensitive nature of SU-8. Furthe
the microneedle array has demonstrated that the microneedles are hollow throughout their entire lumen 
length and continuous through the platform as well. This has adequately been proven by pumping 
coloured dye through the hollow needles. Mechanical characterization for the strength of the bonding 
between the needle shaft and the platform showed that each microneedle can withstand upto 710 MPa of 
shear stress, which should be sufficient for enduring lateral forces in the skin during th
needle insertion. Compressive load testing was performed on the entire array of microneedles to 
determine the critical failure load which was found to be 230 mN on average per microneedle. Insertion 
force into agar gel was measured to be 7 mN for each microneedle as reported earlier
indicate that insertion force into the skin can range between 30 mN to 100 mN depending on needle 
sharpness as well as region of the body where the insertion is being carried out2. On a higher 
if insertion force is around 100 mN, the microneedle still demonstrates a safety factor of more than 2 
which shows adequate strength for skin puncturing without breakage. 

This work differs significantly from previous work published by our group in that it is for the first time that 
successful results of polymer microneedles on a polymer platform are being reported. Previously, the 
work was only reported as ongoing. Further, to our best knowledge, no other group has yet successfully 

such a novel process for fabricating a monolithic platform-based system for sharp, hollow 
aspect ratio yet sufficiently strong (for skin penetration) SU-8 polymer microneedles.

Fig. 2      Fig. 3                   Fig. 4

of the monolithic system: sharp bevel -shaped SU- 8 microneedles 1000 µm tall, 25 µm wall 
thickness, 66 µm inner diameter, standing out -of-plane on an SU- 8 platform, 200 µm thick; Fig. 2: (above) 

8 needles standing on the SU -8 platform, (below) Openings under the platform, showing 
the bores are continuous throughout the lumen of the corresponding triangular ne
thickness; Fig. 3: (above) Another view of triangular cross -sectioned microneedles on the platform, (below) 

oloured water jets ejecting through the same microneedles proving the lumens are hollow throughout;  Fig. 
displacement graph depicting the failure force to be 10.35 N for an array of 45 microneedles or, 230 

mN on average for each microneedle.  

EMBC (Boston) 2011 proc., pp. 3680-3683 
J. Biomechanics 39 (2006), pp. 2593–2602 
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s paper reports for the first time on the design and characterization of a novel monolithic system 
aspect ratio, sharp-tipped microneedle 

array on a polymer platform for transdermal drug delivery. The entire monolithic system was fabricated by 
8. Further, characterization of 

the microneedle array has demonstrated that the microneedles are hollow throughout their entire lumen 
length and continuous through the platform as well. This has adequately been proven by pumping 

les. Mechanical characterization for the strength of the bonding 
between the needle shaft and the platform showed that each microneedle can withstand upto 710 MPa of 
shear stress, which should be sufficient for enduring lateral forces in the skin during the process of 
needle insertion. Compressive load testing was performed on the entire array of microneedles to 
determine the critical failure load which was found to be 230 mN on average per microneedle. Insertion 

for each microneedle as reported earlier1. Literature studies 
indicate that insertion force into the skin can range between 30 mN to 100 mN depending on needle 

. On a higher side, even 
if insertion force is around 100 mN, the microneedle still demonstrates a safety factor of more than 2 

in that it is for the first time that 
successful results of polymer microneedles on a polymer platform are being reported. Previously, the 
work was only reported as ongoing. Further, to our best knowledge, no other group has yet successfully 

based system for sharp, hollow 
8 polymer microneedles. 

 
Fig. 4 

8 microneedles 1000 µm tall, 25 µm wall 
8 platform, 200 µm thick; Fig. 2: (above) 

Openings under the platform, showing 
the bores are continuous throughout the lumen of the corresponding triangular ne edle and the platform 

sectioned microneedles on the platform, (below) 
oloured water jets ejecting through the same microneedles proving the lumens are hollow throughout;  Fig. 

displacement graph depicting the failure force to be 10.35 N for an array of 45 microneedles or, 230 
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Cochlear implant (CI) electrodes are responsible for delivering sound details by stimulating the auditory 
nerve with electric signals thus enabling deaf people to experience speech and other sounds. On the road 
map to the development of CI electrodes we present our initial fabrication results of the stiff probes. The 
detailed design and fabrication process for the probe is described earlier [1]. The SEM picture of the 
fabricated stiff probe is as shown in Fig.1. Prior to fabrication simulation and testing of the stiff probe was 
done in a cochlear volume conduction model developed at Leiden University of Medical Centre [2].                          
 
Platinum (Pt) and Platinum-Iridium (Pt-Ir) alloys are the favourable electrode materials used in fabrication 
for their biocompatibility, electrical and chemical properties. But their long term stability and performance 
is point of question especially in an electrolyte environment where electrochemical process occurs at the 
electrode-electrolyte (body fluid) interface. This is important for stimulating/sensing electrodes. The 
capacitive charge transfer process which includes oxidation/reduction reactions at the metal surface is 
one of the cause for the failure of electrode material. Various groups have investigated the long term 
stability and failure of Pt and Pt-Ir electrodes mentioning the problems of dislodgement, excessive 
threshold increase and loss of sensing. Some of the requirements for the materials to be chosen for 
implanted microelectrode are:    
 

 Significance of tissue capsule and its response.  
 Allergic considerations for implanted electrode materials.  
 Electrode impedance. 
 Electrode surface condition.  
 Electrode material biocompatibility and decomposition.  
 Radiographic visibility.  
 The type of insulating material used and its respective impedance. 

 

 
Titanium nitride (TiN) as an electrode material has found increasing interest because of its excellent 
mechanical and chemical properties, high metal like conductivity, high corrosion resistance, low friction 
coefficient, biocompatibility and the fact that it can be deposited with a high surface area. The use of TiN 
as an electrode site material when sputtered with to have a high-density microporous structure increases 
the effective surface area of the site and its associated capacitance, resulting in low impedance with high 
charge transfer capabilities. Here we present our new design of the stiff electrode (Fig.2) which consists 
of Silicon as a base substrate with titanium nitride as the metal for electrode site on silicon. TiN is 
deposited by reactive sputtering at 300 0C in an nitrogen/argon environment at 5 KW power. The TiN 
stimulating sites are of 70 µm in diameter with a thickness within the range of 200 to 250 nm. These sites 
were connected by TiN metal lines of 4 µm to bond pad areas of Aluminium which were linked to the 
external circuitry for stimulation and recording. Later the whole device is coated with biocompatible 
Parylene C except the TiN stimulation sites which is exposed to the nerve tissue. The design incorporates 
not only stimulating electrodes but also the recording electrodes which are close to the stimulation sites to 
record the neuronal activity after the stimulation process.    
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Fig.1 SEM picture of the Silicon stiff probe. 
Fig.2   Part of the design for stiff 

probe with stimulation sites. 
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Botulinum toxin A (BTX A) is a potent neurotoxin that is finding increased applications in both the 
cosmetic and medical industry. As a therapeutic, BTX A is directly administered to its site of action to 
treat hypersecretory or muscular defects. Multiple injections of BTX A (Botox® - 5 ng per vial) is the most 
effective licensed treatment for primary focal hyperhidrosis in the UK(1). Local intradermal administration 
targets the site of action, the eccrine sweat glands in the dermis, and reduces the risk of systemic uptake, 
however the treatment relies upon numerous painful injections by skilled clinicians. Results presented in 
this study demonstrate that (i) BTX A is a candidate therapeutic macromolecule (500-900 kDa) for 
microneedle-mediated delivery and (ii) liquid-loaded pocketed microneedle devices (PMDs)(2) can 
facilitate delivery of botulinum toxin to the epidermal and dermal layers of excised human skin (Fig 1).  
 
PMDs were selected as an appropriate delivery system due to their potential to retain and subsequently 
deliver small volumes of liquid from a central cavity within the needle shaft. Each PMD used in this study 
possessed 700 µm-long solid needles with a “pocket” cavity measuring 360 µm by 140 µm. The PMD 
was loaded by immersion into a formulation mimicking the composition of the commercial Botox® 
formulation, with the exception of BTX A which was replaced by the model protein β-galactosidase (465 
kDa). A water-soluble dye was also included to enable visualization. PMDs were assessed for loading 
uniformity by light microscopy, with the residency time being evaluated by monitoring liquid evaporation 
using a digital camera. The loading capacity was determined using an established quantitative assay for 
β-galactosidase(3). A more clinically representative and safe-to-handle model of BTX A, formaldehyde 
inactivated BTX A, i.e. botulinum toxoid, was used to determine the deposition pattern of the therapeutic 
within excised human skin, maintained in organ culture. Immunohistochemistry techniques were used to 
detect the toxoid and were supported by fluorescence imaging of the toxoid following its conjugation to a 
fluorophore, PE/Cy7®. 
 
Immersion of the PMD into a representative Botox® formulation resulted in successful uptake and 
retention of the model protein solution in the pockets. Quantitative studies have demonstrated that 
nanograms (mean 50 ng/microneedle) of the high molecular weight β -galactosidase protein can be 
loaded and retained on individual microneedles, in a liquid formulation. These results indicate that the 
loading capacity of microneedle devices is appropriate for therapeutic botulinum toxin formulations. 
Immunohistochemical studies have demonstrated successful PMD delivery of botulinum toxoid, within a 
liquid formulation, to the epidermal and dermal layers of excised human skin. Investigations using a 
fluorescent conjugate have confirmed effective PMD loading and delivery of the toxoid (Fig 1). 
 
This study has demonstrated that a microneedle device, possessing cavities within a solid microneedle 
shaft, are able to accommodate and deliver liquid formulations into human skin and that BTX A (Botox®)-
loaded microneedle devices are a feasible minimally invasive intradermal delivery system for this 
macromolecular therapeutic. Future studies are now required to optimize a microneedle-based delivery 
system that is most suited to clinical practice.  
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Fig 1. A cryosection of human skin treated with a 
PE/Cy7®-botulinum toxoid A-loaded PMD (insert). The 
fluorescent area detected at the microneedle disruption 
site (indicated by the arrow) indicates successful 
delivery of the toxoid formulation to the epidermal and 
dermal layers of human skin. Bar = 100 µm. Ep = 
epidermis, De = dermis. 
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This paper introduces a method to manufacture microneedle arrays, using a combination of low-cost 
microfabrication techniques namely, thermomigration, wet-etching KOH solution and thin-film deposition. 
Typically, a microneedle design is characterized by a pyramidal shape with a through hole inside [1]. In order 
to accomplish such design, the proposed fabrication method starts with photolithography patterning a 150 µm 
thick silicon wafer’s surface with an aluminum layer to create an array of hollow squares (figure 1a). On the 
wafer’s backside, a protective silicon nitride thin-film 1 µm thick is deposited with the holes pattern. 
As the wafer undergoes a strong thermal gradient, it triggers the thermomigration process [2]. The aluminium 
squares form droplets of a silicon-aluminum eutectic mixture, which migrate along the temperature gradient 
towards the hotter side. As the eutectic droplets move across the wafer’s thickness, the silicon, now doped to 
saturation with aluminum, recrystallizes behind the droplets, leaving a trail of p+ type silicon in the n-type 
wafer (figure 1b), [3]. 
The existence of different doped regions through the wafer’s cross section enables a selective KOH etching 
[4], as the n-doped region is etched faster than the p-doped region (an etching rate 28:1) [5]. As soon as the 
wafer is submersed on a 30 % KOH solution, etching process starts, finally creating pyramidal shapes with 
through holes in the middle (figure 1c). A combination of two basic and cost-effective techniques, namely, 
thermomigration and wet-etching KOH solution, allows to fabricate 150 µm microneedles long with a potential 
use in drug delivery for neural applications [6].  
 
 
  

 
Aluminium  

 
 

n-type silicon 
 

 
Silicon nitride 

 
(a) 

 

 

(d) 
 

(b) 

 
(c) 

Figure 1 – Proposed microneedle fabrication method: a) Aluminum deposition; b) Thermomigration phenomena; c) KOH Etching 
d) Tridimensional representation of the final structure. 
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Since the computer industry enables us to generate smaller and smaller structures, silicon surface 
chemistry is becoming increasingly important for (bio-)analytical and biological applications such as 
microneedles. For controlling the binding of charged biomacromolecules such as DNA and proteins on 
modified silicon surfaces, the surface pKa is an important factor. Here we present a fluorescent 
nanoparticle adhesion assay as a novel method to determine the surface pKa of silicon surfaces modified 
with weak acids or bases. This method is based upon electrostatic interactions between the modified 
silicon surface and fluorescent nanoparticles with an opposite charge. Silicon slides were modified with 3-
aminopropyltriethoxysilane (APTES) and were further derivatized with succinic anhydride. Layer thickness 
of these surfaces was determined by ellipsometry. After incubating the surfaces with an amine-reactive 
fluorescent dye, fluorescence microscopy revealed that the silicon surfaces were successfully modified 
with amine- and carboxyl-groups. Two surface pKa values were found for APTES surfaces by the 
fluorescent nanoparticle adhesion assay. The first surface pKa (6.55 ± 0.73) was comparable with the 
surface pKa obtained by contact angle titration (7.3 ± 0.8), and the second surface pKa (9.94 ± 0.19) was 
only found by using the fluorescent nanoparticle adhesion assay. The surface pKa of the carboxyl-
modified surface by the fluorescent nanoparticle adhesion assay (4.37 ± 0.59) did not significantly differ 
from that found by contact angle titration (5.7 ± 1.4). In conclusion, we have developed a novel method to 
determine the surface pKa of modified silicon surfaces: the fluorescent nanoparticle adhesion assay. This 
method may provide a useful tool for designing pH-dependent electrostatic protein and particle 
binding/release and to design surfaces with a pH-dependent surface charge for (bio-)analytical lab-on-a-
chip devices or drug delivery purposes. 
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BA058 is a novel synthetic analog of the first 34 amino acids of human parathyroid hormone-related 
protein in development for the treatment of osteoporosis.  In Phase 1 and 2 studies for the injectable 
formulation, BA058 has demonstrated the potential to widen the anabolic window for osteoporosis therapy 
by stimulating bone formation with limited effect on bone resorption and significantly reduced risk of 
hypercalcemia.  In the Phase 2 study, BA058 achieved greater and faster gains in bone mineral density at 
critical fracture sites compared to Forteo®. 
 
A therapeutic dose of BA058 has been developed for use with 3M’s solid microneedle platform (sMTS – 
solid Microstructured Transdermal System).  BA058 is coated on solid microneedles that are 500µm in 
length and penetrate the skin to about 250µm.  The formulation is confined to the top 30-50% of the 
structures to ensure efficient delivery of the drug (see Figure 1). In-vivo release studies conducted in 
swine indicate that release of the drug from the microneedles occurs in less than 1 minute.  In preclinical 
studies utilizing an ovariectomy-induced osteoporosis rat model, it has been demonstrated that repeat 
application with BA058-sMTS can reverse loss of bone mass and improve trabecular bone 
microstructure, comparable to that seen with BA058 injection. Pharmacokinetic studies in cynomologus 
monkeys show that, compared to injection, BA058 delivered from 3M’s microneedles results in faster 
absorption (Tmax), a higher peak blood level (Cmax), and a shorter half life.  These characteristics may 
translate to an improved therapeutic profile for this drug. 
 
A manufacturing process was developed to support the production of three doses of Phase 1 supplies.  
The low bioburden process demonstrates the manufacturability of the MTS technology and the BA058-
sMTS product.  Stability studies were conducted on the clinical supplies wherein drug content and 
impurities were monitored using HPLC.   
 
The clinical study included healthy post-menopausal women between the ages of 50-70 years old.  The 
drug product was presented to subjects and clinicians as a single dose and was administered using an 
applicator that leaves a small, unobtrusive patch on the skin.  Patches were administered to the upper 
thigh and the periumbilical region.  Blood samples were collected over a 24-hour period and analyzed 
using an RIA-based assay.  One control group received a placebo patch and another group received 
BA058 by subcutaneous injection. 
  
Clinical results from the administration of BA058-sMTS in humans indicate good tolerability, delivery of 
BA058 that achieves early Tmax, comparable or higher Cmax, and shorter half-life when compared to 
subcutaneous injection. 
 
The BA058-sMTS product was well-tolerated in humans and demonstrated desirable pharmacokinetics.  
A Phase 2 study incorporating a bone mineral density endpoint is planned.   
 
 
Figure 1.  Example of BA058-sMTS     
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Injection moulded polymer hollow micro needles are being developed for integration with Crospon’s 
Janisys system. The Janisys system is an electronically controlled drug delivery device capable of 
injecting liquid drug formulations via hollow micro needles on a timed basis or on command of a wireless 
signal. 
 
To date traditional moulding techniques have been used to produce hollow microneedles with limited 
success. (Fig. 1). Traditional molding techniques are capable of rapidly producing inexpensive parts. 
However, needle quality, in particular tip sharpness, is extremely difficult to achieve. To overcome this 
technical challenge, Crospon is participating as a demonstration partner in an EU funded Framework7 
project, IMPRESS. The project facilitates the development of new manufacturing routes of micro- and 
nano- scale feature manufacturing by implementing a complete technology platform.  
 
The IMPRESS project, under Factory of the Future FP7 call (NMP-2010), consists of 15 partners from 6 
different countries. The project is a 3 year project with an official start date of 1st May 2010 and a total 
budget of 7M €. 
 
The production of micro needles on the IMPRESS platform is to be accomplished using three integrated 
work modules.  

1. Tool manufacturing module: Laser machining of mould inserts forming micro needle geometry. 
2. Injection moulding module: Combination of advanced moulding technologies including injection-

compression, vacuum and rapid heat and cool. 
3. Intelligence and reliability module: Metrology, mould cleaning, self learning and quality control. 

 
Solid micro needles have been produced at this stage of the project using prototype cavity inserts, 
produced using nanosecond laser machining. (Fig. 2). Injection molding trials are continuing to refine the 
process parameters and the next phase of trials will incorporate picosecond laser machining with hollow 
functionality. 
 

             
 
 
 

                           
 
 

Fig.1 He-Ion image of polycarbonate micro 
needle produced with traditional 

moulding techniques 

Fig.2   Optical image of polycarbonate needle 
produced on the IMPRESS platform 
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Optical coherence tomography (OCT) has been shown to be a valuable tool for in situ microneedle (MN) 
characterization in both in vitro

1 and in vivo
2 work.  This study aims to measure the swelling capabilities of 

hydrogel MN using OCT and, thus, determine their potential usefulness in monitoring applications, 
through interstitial fluid uptake. 
 
Method 
MN arrays prepared from aqueous polymeric blends containing FDA-approved polymeric materials, 
namely, Gantrez® [poly (methylvinyl ether /maleic anhydride) (15% w/w) and poly (ethylene glycol), MW 
10,000 daltons (7.5% w/w) and chemically-crosslinked at 80 oC for 24 hours.  These were inserted into 
neonatal porcine skin and attached to modified Franz diffusion cells, as used in previous studies2, to 
mimic human insertion.  OCT scans were taken using a Vivosight Topical OCT system (Michelson 
Diagnostics Ltd., Kent, UK) which is a swept-source Fourier domain OCT system which has an laser 
centre wavelength of 1305 ± 15 nm, enabling high-resolution imaging (7.5 µm lateral, 10 µm axial).  
Scans were taken at defined time points and images analysed to obtain measurements of MN height and 
width at each time point. 
 
Results 
At least 25 MN were measured for each time point and investigations performed in six. 

 
 
 

  
 
 

Conclusion 
This study shows the extent of swelling for these MN arrays over time within neonatal porcine skin and 
thus highlights their potential usefulness for interstitial fluid monitoring.  Additionally, arrays are shown to 
remain intact throughout the swelling process.  Further studies are needed to assess the swelling 
potential of these MN in vivo to substantiate their worth in a monitoring application. 
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Fig.2. Change in MN height and width respectively at defined time points following in vitro insertion  

Fig.1. OCT image of MN, of 600um height, inserted in neonatal porcine skin.  False colours are applied to aid visualisation. 
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Microneedles have increasingly been employed to overcome the barrier properties of the stratum 
corneum in transdermal delivery. However, there is only limited information available to date on the 
paediatric applications of microneedles. Our recent Focus Group discussions with the Primary and 
Secondary school children in Northern Ireland have shown a strong positive attitude towards the use 
of microneedles as an alternative route for drug administration in children (unpublished data). In 
parallel, we aim to investigate the potential use of our novel water soluble and hydrogel polymeric 
microneedles for drug delivery in paediatrics.   
 
We have evaluated the in vitro performance of our water soluble and hydrogel microneedles prepared 
from aqueous blends of the copolymer poly (methyl-vinyl-ether-co-maleic anhydride) (Gantrez® AN-
139). A laser engineering process was utilised to manufacture the microneedles silicone moulds as 
previously published by our Group1. Two model drugs commonly used in children, namely caffeine 
and lidocaine hydrochloride were employed. Microneedles dimensions were 600 µm in height, 300 µm 
in base length and 300 µm base interspacing. We used optical coherence tomography (OCT) to 
measure microneedle penetration depth in real time after insertion into neonatal porcine skin (700 
µm). Interestingly, results showed that the percentage of microneedle skin penetration was between 
70% to 80% of microneedle length irrespective of either insertion using an applicator device 
(11N/array) or pressing with finger for soluble microneedles containing no drug, soluble microneedles 
encapsulating 2% w/w caffeine or 6% w/w lidocaine HCl, and hydrogel microneedles (n=75, 
respectively). Based on our observation, an applicator device could produce a more uniform 
microneedle penetration into the skin thus eliminating inter-individual force variation when pressing 
using finger. 
 
We have performed Franz cell permeation studies of soluble microneedles encapsulating caffeine or 
lidocaine HCl across three different skin models namely dermatomed (300-350 µm) and full thickness 
(700-750 µm) neonatal porcine skin and synthetic skin membrane Silescol® (50 µm) over 24-hour. The 
cumulative percentage permeation of caffeine across the three skin models were 58.5%±8.6, 
49.6%±3.9 and 7.9%±3.2 respectively. The cumulative percentage permeation of lidocaine HCl 
across the three skin models were 39.3%±8.9, 26.1%±2.2 and 3.3%±0.6 respectively. In contrast, for 
control studies utilising only soluble base plate encapsulated with the same amount of drug but 
without microneedles; the cumulative percentage permeation of caffeine across the three skin models 
were 4.7%±1.2, 1.5%±1.9 and 4.0%±1.2 respectively. The cumulative percentage permeation of 
lidocaine HCl were 1.6%±0.3, 0.8%±0.2 and negligible, respectively, across the three different skin 
models. All experiments were performed in 3 to 6 replicates.          
  
To allow for comparison between our water soluble microneedles encapsulating lidocaine HCl and the 
commercially available lidocaine cream, we performed a Franz cell permeation study utilising a 
lidocaine cream, LMX 4® containing 4% w/w lidocaine HCl. A total of 3%±0.4 (n=5) of lidocaine HCl 
was permeated across dermatomed porcine skin and 3.5%±1.1 (n=5) of lidocaine was permeated 
across full thickness skin. A lag time of about 1 hour had been observed with the cream application 
for both skin models while no lag time was observed following our microneedles application. We could 
foresee that the use of microneedles could significantly reduce the waiting time associated with typical 
lidocaine percutaneous delivery therefore might help to eliminate any stress or anxiety for children 
undergoing any medical procedure such as venipuncture. Further work is now on-going to evaluate in 
vivo performance of water soluble microneedles encapsulated with caffeine or lidocaine and hydrogel 
microneedle system in rats. Also the opinions and views on the potential use of microneedles for drug 
delivery in children will be sought from UK paediatricians and parents.           
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Microneedle (MN) delivery of nucleic acids, in particular plasmid DNA (pDNA) to the skin is a 
valuable new approach for the clinical management of genetic skin diseases and cutaneous 
cancers, and for intracutaneous genetic immunization.  Studies performed by our group have 
shown that microneedles are proficient at delivering nucleic acids to the cells of the epidermis 
when delivered as a liquid formulation.  In this study the aim is to investigate the potential of 
delivering pDNA surface coated onto the MNs. It is likely that a number of factors, both 
physical and biological, will influence the efficacy of pDNA delivered via coated microneedles.  
The goal of this study is to consider, test and thereafter optimize some of these key 
parameters to maximize gene expression efficiency in human skin. 
 
Stainless steel MNs arrays composed of five individual 750µm needles were utilized with all 
studies performed in excised human skin that was obtained from patients with full ethical 
approval and informed consent. Where applicable skin explant cultures were used to 
investigate and optimize key parameters that will determine stable and effective microneedle 
facilitated pDNA delivery. These include (i) high dose-loading of pDNA onto microneedle 
surfaces, (ii) stability and functionality of the coated pDNA, (iii) skin penetration capability of 
pDNA-coated microneedles, and (iv) efficient expression of the gene product in human skin.  
 
Simple optimization of a dip-coating method, using a high number of consecutive dips at 
extended drying times, resulted in a significant increase in MN loading capacity, up to 100 µg 
of pDNA per 5-microneedle array.  Coated microneedles were able to reproducibly perforate 
human skin at low (<1 N) insertion forces. The physical stability of the coated pDNA was 
partially compromised on storage, although this was improved through the addition of 
saccharide excipients without detriment to the biological functionality of pDNA. The pDNA-
coated microneedles facilitated reporter gene expression in viable human skin. Comparing 
the level of expression with that obtained from liquid delivered pDNA formulations suggests 
that gene expression efficiency from coated microneedles may rely upon suitable DNA 
loading, efficient and reproducible skin puncture and rapid in situ dissolution of the coated 
plasmid at the site of delivery. 
 
In summary, we have been able to coat considerable quantities of pDNA onto steel 
microneedles, demonstrate satisfactory stability of the coating and insignificant adverse 
effects on microneedle penetration. The coated pDNA dissolves from the microneedle in situ 
and is capable of expressing the gene product local to the microneedle puncture in the 
epidermis of viable human skin. 
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Introduction 
Microneedle arrays are minimally invasive devices that can be used to by-pass the 
stratum corneum barrier and thus achieve enhanced transdermal drug delivery. [1] 
Microneedles (MN) have the potential to penetrate the dermis avoiding stimulation of 
dermal nerves and overcoming the problems associated with needle-sticks, pain and 
needle phobia. The aim of this study was to determine the effect of MN height and MN 
density and the application of iontophoresis (ITP) upon the transdermal permeation of 
hydrophilic small drug models (methylene blue and fluorescein sodium). [2] Whilst MN 
geometry was shown to affect drug permeation, ITP did not enhance the drug release.  
 
Materials and methods 
A range of MN geometries, prepared with aqueous gels of 20% w/w poly(methyl vinyl 
ether co- maleic acid) and loaded with 1% w/w drug molecules (methylene blue or 
fluorescein sodium), was engineered into silicone micromoulds. Drug release of 
methylene blue and fluorescein loaded MN, with and without the application of a 
current (0.5 mA/cm2), was studied using a Franz cell diffusion set up across 
dermatomed (350 µm thick) neonatal porcine skin. Methylene blue and fluorescein 
levels were determined using UV spectroscopy at 664 nm and 497 nm, respectively. 
 
Results 
It was found that the transdermal permeation of the drug molecules varied with the 
design of the MN used. In particular, an increase in MN height and MN density led to a 
significant (p < 0.05 in each case) increase of the drug permeation rate across 
dermatomed neonatal porcine skin at 6 h (Table 1). For both drug model substances, 
arrays of 600 µm height and 361 MNs/cm2 showed the greatest extent of drug delivery. 
However, the combination of MN and ITP did not further enhance the extent of drug 
released (data not shown). 
 
Table 1. % Cumulative amount of model 
drugs permeated across dermatomed 
neonatal porcine skin from drug loaded 
PMVE/MA MN arrays. (Means ± SD, n = 5).  
* Constant MN density of 121 MNs/cm2.  
** Constant MN height of 600 µm.  
 
 

Conclusion 
In this study, it has been shown that the extent of drug delivery can be adjusted 
through simple alteration of the design of MN array. Further studies could be focussed 
on the investigation of the effect of geometry and ITP in the release of larger 
molecules. 
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Variable Cumulative % permeated at 6 h 

MN Height (µm)
* 

Methylene blue Fluorescein sodium 

350 49.07 ± 1.82 38.39 ± 2.77 
600 63.38 ± 2.53 54.68 ± 4.61 
900 71.21 ± 1.97 62.51 ± 5.13 

   

MN Density (MNs/cm
2
)
**   

121 63.38 ± 2.53 54.68 ± 4.61 
196 69.82 ± 1.93 67.06 ± 3.85 
361 79.65 ± 2.77 73.19 ± 2.99 

   

Control patch 3.36 ± 0.59 2.27 ± 0.48 
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One of the greatest challenges in gene therapy is to deliver the therapeutic nucleic acid effectively to the 
intracellular target site. This challenge is further complicated in the skin by the significant physical barrier 
of the stratum corneum. We aim to optimise methods for the microneedle-assisted delivery of small 
interfering ribonucleic acid (siRNA) to the skin, with a future view of modifying gene expression in 
dermatopathogenic conditions. Whilst offering some early encouragement for the effective use of 
microneedles for siRNA delivery, our preliminary data in in vivo models also highlights the difficulties in 
studying RNA interference in model systems. 
 
The ability to dry coat a siRNA formulation onto microneedles was investigated using lamin A/C as a 
model gene for RNA interference studies. The functionality of siRNA, previously loaded onto 
microneedles surfaces, was evaluated using human keratinocyte culture models; HaCaT cells and 
primary keratinocytes isolated and cultured from excised human breast skin. Following optimisation of the 
coating procedure, naked siRNA was efficiently (up to 30µg per device) dry-coated onto the surface of 
microneedles. The coating process did not reduce the biological functionality of the siRNA, as 
demonstrated by a significant reduction in gene expression/protein synthesis of lamin A/C in the 
keratinocyte culture models. 
 
In vivo functional delivery of siRNA using microneedles was investigated using a transgenic mouse model 
expressing the hMGFP gene, which produced a phenotype that resulted in the presence of GFP in the 
upper (granulosum and corneum) layers of the epidermis1. The middle region of one mouse paw was 
microneedle-treated with Accell CBL3 siRNA targeted against the hMGFP gene and the other paw was 
microneedle-treated with Accell TD101 siRNA (control). The mouse paws were imaged, in vivo, using the 
Maestro fluorescent imaging system prior to sacrifice for qPCR analysis and histology sectioning. Results 
from the in vivo study were equivocal. Whilst microneedle delivery of siRNA led to an apparent reduction 
in protein expression in certain microneedle treatment groups, this reduction was not always reflected in 
qPCR data (CD44 was selected as the endogenous control gene).  
 
Despite some evidence of gene expression modification at the protein level, there are significant practical 
challenges in determining the molecular effects of siRNA delivery to skin, using methods such as western 
blotting and qPCR. Current studies are therefore characterising microneedle delivery of siRNA 
(conjugated to a fluorescent tag) to human skin explants, alongside keratinocyte cultures, to determine 
the correlation between siRNA delivery, uptake and subsequent gene expression reduction.  
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This paper introduces an effect-enhancing uncoated solid microneedle called tiered microneedle. It has a 
tiered face formed in a direction of a peaked portion as shown in Fig. 1. The tiered face enhances delivery 
effect by directly pushing drug into the skin when the microneedle is applied to the skin, on which the drug 
is previously applied as illustrated in Fig. 2. It is easy to commercialize and appropriate for drugs and 
cosmeceuticals of which doses are not critical factors. 
 
Microneedles can be divided into three types: hollow, solid and dissolvable ones [1-2]. Each type has its 
own merits and demerits, so the most suitable application field of them would be different. A hollow 
microneedle is good for liquid type of drug with an exact amount of dose. A dissolvable microneedle is 
excellent in where a needle-stick injury by a contaminated needle is serious. Solid microneedles could be 
applied on a broad and/or curved surface because some of them are flexible and others are rolled or 
tapped on the surface. 
 
We found niche markets especially on uncoated solid microneedles. They have simple shape and do not 
include a delivery material. Thus, it is easy to mass-produce with a low cost and to get FDA approval. In 
other words, it is easy to commercialize. But they cannot deliver an exact dose. So, we have been 
focusing on materials of which dose is not important such as cosmeceuticals, topical anesthetics, 
antifebrile and so on. 
 
Conventional uncoated solid microneedles just make micro paths through which drugs applied on the skin 
are diffused slowly. The slow delivery limits the effect of them. To enhance the effect, we designed and 
fabricated a solid microneedle having a tiered face formed in a direction of a peaked portion. The tiered 
face directly pushes ingredients into the skin. The effect is maximized by repeatedly picking the needle 
into the skin. Thus we will apply the design to a roller type device for rolling and a stamp type device for 
tapping (Fig. 3). 
 
Calcein with tiered microneedle was more permeated than no-tiered microneedle at the in vitro delivery 
test as illustrated in Fig. 4.  
 
Fig. 1 Tiered microneedle array.           Fig. 2 Drug delivery mechanism of a tiered microneedle array. 

            
 
Fig. 3 Microneedle roller and stamp in which                     Fig. 4 Effect of tiered microneedles.  

the effect of tiered microneedles is maximized. 
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We present a method of fabricating multi-port microneedles from silicon substrate for biomedical 
applications. The fabricated out-of-plane silicon microneedles have more than one port connected to the 
fluidic channels which could direct the biomedical samples into or out of the needle tips. Each fluidic port 
can be accessed independently from the other(s). The multi-port microneedle can be combined with a 
microfluidic analysis system, enabling the simultaneous injection and drawing of the sample for sample 
analysis.  
 
The microneedles are fabricated mainly by Deep Reactive Ion Etching (DRIE) with several 
photolithography steps. The process combines the isotropic and anisotropic etch capability of the tool to 
create needle tips, recessions for port openings, fluidic channels and needle bodies. Fusion wafer 
bonding is applied to form in-plane fluidic channels between the bonding interfaces. Atomic Layer 
Deposition (ALD) of Al2O3 is also involved to form the particular shape of the needle tips. The height of 
the fabricated 100 µm (in diameter) needles are more than 180 µm and the port openings are 60 µm 
below the needle tip. The port size of a two-port needle is about 1200 µm2.      
 
This work differs from Griss and Stemme’s [1] first hollow out-of-wafer-plane silicon microneedles by 
introducing the multi ports into one single needle and the advanced fabrication process utilizing ALD. 
Moreover, our work extends the microneedle and the microneedle array applications further to the 
system level. With the embedded fluidic channels, biomedical system can be connected to the needles to 
perform micro scale experiments and characterizations.    
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Fig.1   A two-port silicon microneedle  Fig.2   Side view and cross-section of a two-
port silicon microneedle with 
connected channels 
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Minoxidil has been used to slow or stop hair loss and promote hair regrowth. For effective treatment, 

minoxidil solution should be applied once or twice daily and the solution should remain in contact 

with the scalp for at least 4 hours. In this study, minoxidil was encapsulated in dissolving 

microneedles to improve the effectiveness and convenience of this hair loss treatment. The efficacy of 

these dissolving minoxidil microneedles was evaluated in animal studies. Two different lengths of 

minoxidil microneedles (250 and 750 µm) were prepared by a micromolding process. Microneedle 

geometry was investigated by scanning electron microscopy and the mechanical properties of the 

microneedle systems were also evaluated. The dissolving rate of the minoxidil microneedles was 

measured in vivo in the well-defined C57BL/6 mouse model for hair research to verify the time 

required for complete dissolution in the skin after insertion. A negative control group was treated with 

dissolving microneedles that did not contain minoxidil and a positive control group was treated with 

minoxidil solution. After 18 days of application, all of the mice treated with minoxidil microneedles 

showed hair emerging from the skin. Mice treated with minoxidil solution or microneedles alone 

showed less hair emergence from the skin compared to the group treated with minoxidil microneedles. 

Histologically, the emerging hairs had large follicles and the hair papillae were totally encircled by the 

hair bulbs. In this feasibility test, we showed that minoxidil microneedles could be an effective 

treatment for hair loss.  
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Background: Microneedle delivery can target various agents to the ID space. Uptake of these injected 

compounds has been shown to be primarily lymph driven.
1
 In this study, we demonstrate specific targeting of the 

lymph system with multiple diagnostic agents for imaging of the peripheral lymph nodes and regional lymphatics 

with multiple imaging modalities. 

 

Materials and Methods: Intradermal injections of the compounds listed below (Table 1) were performed using a 

1 or 1.5mm steel microneedle with a 150µm outer diameter targeting the intradermal (ID) space.  Immediately 

following dosing, images were collected with the paired modality to identify lymph trafficking, structures, and 

transport dynamics. Lymphatic nodes and vessels in both the periphery and in deep organ tissues (intestinal nodes) 

could be readily identified and located using multiple imaging techniques. 

 

Table 1. List of imaging agents, models and equipment explored with microneedle delivery. 

Imaging agent Imaging modality Model 

G8 dendrimers (~14.5nm) 30mM MRI (T1) Mouse 

Evans Blue 1% White-light imaging Mouse/Swine 

Microbubbles High-resolution ultrasound Rabbit/Swine 

Radio-opaque contrast dye X-ray Rat 

Indocyanine green Fluorescent imaging Mouse/Rat 

 

Results: Lymphatic trafficking in all models was confirmed at the first image collection; 30 seconds – 4 minutes 

post injection. When possible, exploratory surgery was performed to confirm lymphatic vessel drainage leading 

from the injection site to the draining lymph node. This demonstrated the ability to apply the technique both 

peripherally and intraoperatively for effective nodal imaging.� 

 

                                              
 

Figure 1. Identification by various modalities of draining lymphatic structures following ID microneedle delivery 

of contrast agents. Left to right: MRI:G8 dendrimers (mouse axillary node), white-light:Evans Blue (swine 

intestinal node), Fluorescent imaging:Indocyanine green dye (swine inguinal node). 

 

Conclusions/Discussions: Location and targeting of lymphatic structures has historically involved cumbersome 

techniques and localization of imaging agents within the lymphatics has been challenging. Microneedle enabled 

ID administration provides a reliable and effective method for administering various imaging agents and achieves 

very specific targeting to the lymphatic system as detected by multiple imaging techniques. This modality 

provides imaging methods for a traditionally difficult to target organ system, and enables ready and accurate 

visualization. This capability may have applicability to a wide variety of current diagnostic or surgical processes. 

This direct targeting may offer an array of potential methods to accurately and reliably identify, target, and treat 

cancer and other disease states. 
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Ebola virus is regarded as the prototype pathogen of viral haemorrhagic fever, causing severe disease 
and high case fatality rates. We have studied the development of virus-like particle (VLP) vaccines 
against virus infection, and have shown that such VLPs could be safe and effective vaccines to induce 
protective immunity against Ebola virus infection. Vaccination in the skin is attractive for these vaccines 
because the skin is comprised of immunocompetent cells such as keratinocytes and Langerhans cells 
and elicits both innate and adaptive immune responses. Compared to a hypodermic needle, 
microneedles offer advantages which include easy and painless administration, faster healing at injection 
sites, decreased microbial penetration, etc. Therefore, we are developing the technology to encapsulate 
filovirus DNA and VLP vaccines into dissolving microneedles to achieve more efficient and reproducible 
vaccine encapsulation, and improved vaccine stability. 
 
The design criteria for a microneedle patch for filovirus vaccination include controlling the amount and 
localization of drug extensively at the tip of microneedles, successful insertion, as well as complete 
dissolution of the microneedles in skin. Pyramid microneedles with a square base of 230 μm by 230 μm, 
and a height of 600 μm were designed and fabricated by lithography-based methods. Sulforhodamine B 
(SRB) was used as the model drug and was encapsulated in the tips of microneedles (Figure 1a). To 
encapsulate SRB, a polymer blend of polyvinyl alcohol (PVA) (MW 2000 Da) and sucrose was used as 
the microneedle matrix material. Casting with a solution containing 1 mg/mL of SRB resulted in 8.8 ng of 
SRB encapsulated per microneedle for single loading, and up to 58 ng for 10 loadings. Drug wastage, as 
assessed by the amount of drug left on the mold surface, was about 2-5%. Microneedles were also 
shown to be strong enough to insert into porcine cadaver skin and about 87% of SRB was dissolved in 
the skin within 2 min (Figure 1b-c). Altogether, the microneedle design and optimized drug loading 
techniques enabled more SRB to be loaded and localized into the microneedle tip with minimal drug 
wastage. The microneedles could also be completely inserted into the porcine skin, leading to a high 
fraction of the encapsulated drug to be delivered into the skin. These microneedles will be used for 
filoviruses DNA and VLP vaccine delivery in on-going animal studies.  
 

500 μm500 μm

a b c

 
 
Figure 1. Dissolving polymer microneedles shown as (a) 10 by 10 microneedle array and side view of six 
microneedles (b) before and (c) after insertion in porcine skin for 2 min in vitro. 
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Needle-stick injuries (NSI) are problematic in terms of health implications to healthcare workers and the 
public1, as well as economically2.  Recent exploratory work with public and healthcare professionals 
highlighted reduced risk of NSI for microneedles (MN), yet reports the possible risk of cross-
contamination a concern3.  Pain-free insertion could mean this is unnoticed.  For MN realisation into the 
clinical setting, the extent of these risks must first be addressed.     
Swollen hydrogels embed large amounts of fluid which alters their properties, including mechanical 
properties, compared to the deswollen state4.  MNs fabricated in this way should also under such 
changes while inserted by interstitial fluid uptake, so may generate MN with reduced mechanical strength 
necessary for penetration.     
This study aims to assess the capacity of hydrogel MN re-insertion at various removal times from 
neonatal porcine skin samples.   
 
Method 
Hydrogel MN were prepared from aqueous polymeric blends containing FDA-approved polymeric 
materials, namely, Gantrez® [poly (methylvinyl ether /maleic anhydride) (15% w/w) and poly (ethylene 
glycol), MW 10,000 daltons (7.5% w/w), chemically-crosslinked at 80 oC for 24 hours.  These were 
inserted into full thickness neonatal porcine skin and placed on a modified Franz cell set-up to mimic in 
vivo insertion.  MNs were removed after various time points and re-insertion attempted into fresh skin.  
Penetration was assessed by methylene blue (1mg/ml solution) staining of both skin samples MNs were 
swollen in, as confirmation of initial penetration, and on fresh skin re-insertion was attempted on. 
 

Results  
Hydrogel MNs were removed for testing after four time points (t = 30, 10, 5 and 1 minute), with each 
performed in triplicate.  All time points explored rendered MNs incapable of reinsertion into the fresh skin 
samples, with staining showing a lack of pore formation, Fig. 1.  Skin samples MN were initially inserted into 
were also stained to confirm successful penetration for the initial case.   
   
 
 
 
 

        

                   
 
 
 

 
 
 
 

 
 

 
 

Conclusion 
This study provides good evidence against the risk of reinsertion for these hydrogel MN and recommends 
these materials supersede other manufacturing materials, potentially eliminating concerns surrounding 
inadvertent use and cross-contamination.   
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Fig.1. Images showing skin samples after the application of 1mg/ml methylene blue solution following the 
attempted insertion of PEG-crosslinked PMVE/MA MN arrays (15% PMVE/MA, 7.5% PEG 10K): 

A; Control (previously unused MN array), B; MN array removed after 1 minute 
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INSERTION OF POLYMERIC MICRONEEDLE LOADED WITH OVALBUMIN 

 

A. Zaidalkilani, R. Thakur and R. F. Donnelly. 
School of Pharmacy, Queens University Belfast, Belfast, UK. 

azaidalkilani01@qub.ac.uk 
 

Introduction Skin is an appealing site for systemic delivery of active pharmaceutical 

ingredients [1]. However, the stratum corneum which is the mostouter layer of the skin acts as 

the principal barrier for penetration of most drugs. For this reason, microneedle (MN) arrays are 

investigated to overcome this barrier and facilitate delivery of drugs to the systematic 

circulation. In this study, optical coherence tomography (OCT) was used to assess the in vitro 

penetration of ovalbumin (OVA) loaded polymeric microneedles. 

 

Materials and methods MNs were prepared from aqueous blends of 20% w/w poly(methyl 

vinyl ether co- maleic acid) (PMVE/MA) loaded with the model protein drug OVA.  Laser-

engineered moulds were filled with polymer mixture then centrifuged.  MNs were left to dry 

then manually removed from the moulds. 

Polymeric hydrogel MN arrays containing 15% w/w PMVE/MA and 7.5% w/w PEG 10,000 

was carefully poured into the silicone moulds ,centrifuged and dried at room temperature for 48 

hours, and then the mould was heated at 80
◦
C for 24 hrs to induce crosslinking between PEG 

and PMVE/MA. Adhesive patches containing OVA were prepared using a casting method, from 

aqueous blends containing 10% w/w (PMVE/MA) pH 7 and 5% (TPM) [2]. OVA was added to 

the adhesive patches at loading of 1 mg /cm
2
. 

A Texture Analyser was used to apply different compression forces to both systems of MN 

arrays of 3x3 needles with 600µm and 900 µm heights. OCT was used to assess the depth of 

MN penetration following insertion into excised neonatal porcine skin using a custom designed 

spring-activated applicator at a force of 11.0 N/array.  

 

Results It was found that MN arrays formed from aqueous blends of 20% w/w of  PMVE/MA 

loaded with 1 mg OVA per array possessed a rigid structure. As shown in Table 1, MN with a 

height of 600 μm showed a height reduction of 7.65± 3.00% and 18.46± 3.08% when applying a 

force of 0.18 N and 0.36 N per needle, respectively. Consistent and reproducible MN 

penetration into neonatal porcine skin was observed by OCT. It was found that increasing MN 

height from 350 μm, 600 μm to 900 μm led to an increased depth of MN penetration into the 

skin of 292.98, 470.17, and 788.55 μm, respectively. 
 

Table 1.  Influence of different compression forces 

on MN arrays formed from aqueous blends of 

20%w/v PMVE/MA loaded with 1mg of ovalbumin 

per array (Mean ±SD, n=5).  

MNs 

height 

(µm) 

% Reduction in height of MN 

0.05N per 

needle 

0.18N 

per 

needle 

0.36N per 

needle 

900 2.68± 0.01 9.45± 2.84 19.41± 5.70 

600 1.90± 0.02 7.65± 3.00 18.46± 3.08 
 

 
Figure 1. 2D soluble polymeric MNs (600 x 300 x 300) 

following insertion into porcine skin at an application force 

of 4.4 N (A), 7.0 N (B), 11.0 N (C), and 16.4 N (D). 

 
 

Conclusion In this study, OVA loaded MNs have shown good mechanical strength when 

applying different forces. OCT showed reproducibility of MN penetration. However, further 

studies will be carried out using OCT to investigate MN dissolution and recovery of the skin. 
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In recent years, microneedles have been developed as a method for transdermal drug delivery, 
physiological signal monitoring1 and electroporation. This research explores the possibility of replicated 
polymer microneedles by two-stage hot-embossing. Polymer microneedles might provide an alternative 
to silicon microneedles with regards to optical, mechanical and electrical properties as well as cost of 
fabrication. These opportunities are being investigated. The method of fabrication is presented and 
compared to current techniques for fabricating polymer microneedles. 
Hot-embossing is a polymer fabrication method that replicates a microstructured mold into a thermoset 
polymer that is heated above its glass transition temperature. Thermosets are cheap and are available in 
various modifications. Using hot-embossing, polymer microneedles with a wide range of properties can 
be fabricated2. At Tyndall, silicon microneedles with a height from 60 to 800 µm have been fabricated 
with success for the last five years. These silicon microneedles are replicated using an intermediate mold 
in a two-stage process as described in Figure 1. This two-stage process doesn’t require the development 
of a silicon inverse mold and allows direct comparison between silicon and polymer microneedles.  

 
Figure 1: Fabrication process of polymer microneedels. Step 1: Emboss silicon needles into intermediate mold. Step 2: 
Remove the microneedles from the intermediate mold. Step 3: Emboss thermoset microneedles in intermediate mold. Step 
4: Remove thermoset microneedles from the intermediate mold 

Silicon microneedles are fabricated using KOH etching of silicon wafers. The silicon mould is glued to a 
‘tool’ using high temperature adhesive. The tool is loaded into the hot-embosser and is hot-embossed 
into the intermediate mould material. For two-stage hot-embossing, the intermediate mould needs to 
have an upper working temperature higher than the embossing temperature of the target microneedle 
polymer. PolyEthylenImine (PEI) has an upper working temperature of 170 to 200 oC and a glass 
transition temperature of 210 oC. This would make it suitable as an intermediate mould to fabricate many 
polymers such as Poly(methyl methacrylate) (PMMA), polycarbonate (PC) and polystyrene (PS). For the 
second stage of the process, the silicon mould is replaced with the PEI intermediate mould. This is then 
embossed into the low temperature polymer to form the microneedles. Figure 2 shows the inverse needle 
in PEI and Figure 3 shows a successfully replicated PMMA microneedle. 
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Figure 2: Microscope picture of PMMA 
microneedle. 

Figure 3: Microscope picture of PEI inverse 
microneedle. 
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Valveless membrane pump for transdermal injection and aspiration     
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A transdermal drug delivery system has been proposed wherein the drug is administered continuously 
over a longer period of time (>1 hrs). The system is based on an array of hollow silicon microneedles in 
combination with a pump and reservoir. The system would be small and lightweight, easy to operate and 
administer, provide a controllable rate of injection and relatively cost effective. The system could also be 
used in reverse to aspirate fluids from subcutaneous tissue.1  
Infusion pumps are used for many clinical applications, including intravenous, epidural, and 
subcutaneous delivery of analgesics and anesthetics, antibiotics, cardiovascular drugs, and insulin. Drug 
delivery via infusion reduces the plasma drug concentration fluctuation associated with oral delivery and 
the slow onset and long depot effect associated with transdermal patch delivery. Infusion pumps are 
commonly used when continuous, intermittent, or pulsatile delivery of drug is needed. They also provide 
an alternative for patients intolerant to oral administration and can be programmed to achieve special 
delivery profiles. The use of infusion pumps outside the clinical setting has been limited by the device’ 
bulky size and high cost as well as its low patient compliance because of the inconvenience of an 
indwelling catheter that has a relatively large infusion set and the expertise required to properly use it.[2] 
This research focuses on the design of a valveless membrane pump for transdermal injection and 
aspiration. The advantages and disadvantages of the valveless membrane pump are discussed and a 
theoretical model is provided. A prototype valveless membrane pump has been fabricated and tested.  A 
parametric study is performed using finite element analysis to optimize the design. These simulations are 
compared to the operation of the prototype using measurements of the flow characteristics and 
membrane vibration. As a summary, the optimized model of the valveless membrane pump is assessed 
for transdermal injection and aspiration. 
 

 
Figure 1: Concept for a time-controlled, transdermal drug delivery system 

 

 
Figure 2: Prototype of a valveless membrane pump with Piëzo disc actuator, inlet channels not yet added 
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Monitoring using interstitial fluid collected via microneedles (MN) may be of specific benefit to the 
paediatric population, since it could offer a blood-free, pain-free alternative to blood sampling. In 
neonates it may allow increased monitoring without provoking anaemia and increasing parental distress, 
since infant pain has been identified a core source for parents in neonatal intensive care1. The literature, 
however, has not yet addressed viewpoints on such a novel use for MN in any group.   
 
This study, therefore, seeks to gain the viewpoints of parents of premature neonates, inherently familiar 
with rigorous paediatric monitoring and aims to determine the need for an alternative, from the informed 
parents perspective, and parental acceptability of MN.  
 

Method 
 

Parents were identified through collaboration with Northern Ireland’s premature baby charity, Tinylife.  
Semi-structured interviews were conducted after securing ethical approval.  This methodology enabled 
exploration of a new concept, using topics outlined by the researcher2.  Parents were recruited using 
postal invitations sent out by the charity and interviews arranged after completed consent forms were 
returned.  All interviews were audio recorded, transcribed verbatim and anonmysed.  Thematic content 
analysis was conducted using QSR Nvivo® 9 software and validated by a separate investigator.   
 

Results 
 

A dominant theme emerging from interviews conducted was the strong reliance and trust held for the 
healthcare professional (HCP).  The majority of parents indicated that their support for any procedure, 
technology or indeed medication used in neonatal care was based on the HCP providing this care.  A 
general trend was found to exist in that HCP support equated parental support.  Blood sampling was 
discussed practically problematic in these patients, in addition to being unpleasant.  Many felt that a more 
specialised method was necessary for such a specialised group.  Pain was another dominant concern, 
with painful procedures numerous and any minimisation of this thus viewed important.  The use MN as an 
alternative was viewed a positive opportunity, in 
terms of pain reduction, reduced trauma and 
decreased blood removal, however, parents also 
communicated possible concerns regarding the use 
of such a new technique.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 

This study demonstrates the need for an alternative technique to blood sampling in children, specifically 
neonates, from the viewpoint of informed parents and their acceptability of MNs for this purpose.  
The overarching premise that HCP support would ultimately generate parental support highlights the 
importance of future work to investigate the opinions of these HCP regarding MN-mediated monitoring.                     
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Parents       (n = 11) 

Mean Age at interview  32.9 years  

Neonate 

Mean Duration in Neonatal unit 

(Range) 

27.9 days 

(10-63 days) 

Mean No. Weeks premature 7.18 weeks 

Mean Age at interview 17.36 weeks 

Fig.1   Parents opinions on MN-mediated monitoring 

Microneedle views 

o Reduced pain critical advantage 

o More appropriate size and penetration 

depth 

o Visually acceptable 

o Concern for comparable results 

o Applicator needed 

Table.1  Participant Demographics  
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Over 15 billion injections are given worldwide each year, with at least 40 million curative or therapeutic 
injections being administered globally each day.[1] 
Advances in transdermal drug delivery make available new opportunities in Diabetes Mellitus treatment. 
Almost 285 millions of people have Diabetes Mellitus, and by 2030 year around 485 million of people will 
have it. The purpose of this paper was to demonstrate insulin delivery for two microneedle design and 
for two manufacturing methods in order to evaluate its advantages. Numerous variations in transdermal 
drug delivery design had been utilized due to its specific characteristics; no infections, little skin irritation 
and no bleeding. [2] 
Microneedles have been fabricated using various kinds of manufacturing methods including laser 
cutting, micromilling, micro-molding and a combination of surface and bulk-micromachining techniques. 
This paper introduces two microneedle designs using PDMS material and two manufacturing methods. 
Micromilling method, involve engraving tools and the use of end mills with diameters less than 1 mm 
and laser cutting method, where adjusted parameters make available fabricate a stainless steel mold.  
Both methods are compared in order to evaluate advantages in geometry and surface quality of a 
microneedle array with a ranging about 500µm to 1000 µm in length and 50 µm to 250 µm in diameter.  
Molding technology to microneedle fabrication allows mass production at a low cost for potential 
biomedical applications. [3]Therefore, we have found that micromilling technique provides a flexible and 
cost effective alternative but laser cutting ensures surface quality for microneedle designs. 
 
 

 
 

Figure 1.PDMS hollow microneedle design (A) Figure 2.PDMS hollow microneedle design (B) 
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In this study we characterized hydrogels, prepared from aqueous blends of poly(methyl vinyl ether-co-
maleic acid) (PMVE/MA) and poly(ethylene glycol) (PEG) containing a pore-forming agent (sodium 
bicarbonate, NaHCO3). Increase in NaHCO3 content increased the equilibrium water content (EWC) and 
average molecular weight between crosslinks (Mc) of hydrogels. For example, the %EWC was 731, 860, 
1109, and 7536% and the Mc was 8.26, 31.64, 30.04, and 3010.00 x 105 g/mol for hydrogels prepared 
from aqueous blends containing 0, 1, 2, and 5% w/w of NaHCO3, respectively. Increase in NaHCO3 
content also resulted in increased permeation of insulin. After 24 h, percentage permeation was 0.94, 
3.68, and 25.71% across hydrogel membranes prepared from aqueous blends containing 0, 2, and 5% 
w/w of NaHCO3, respectively. Hydrogels containing the pore-forming agent were fabricated into 
microneedles (MNs) for transdermal drug delivery applications by integrating the MNs with insulin-loaded 
patches. It was observed that the mean amount of insulin permeating across neonatal porcine skin in 
vitro was 20.62% and 52.48% from hydrogel MNs prepared from aqueous blends containing 0 and 5% 
w/w of NaHCO3. We believe that these pore-forming hydrogels are likely to prove extremely useful for 
applications in transdermal drug delivery of biomolecules. 
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Non-viral nucleic acid delivery may be facilitated by chemical modification to the formulation and/or 
physical enhancement methods. In the case of nucleic acid delivery to the complex, multi-layer structure 
of the skin, the use of microneedle devices has drawn considerable interest as microneedles are able to 
create micron sized channels within the epidermal layer through which nucleic acid can be locally 
delivered.  Further, the microneedle insertion process may also transiently micro-disrupt cell populations 
in skin to encourage uptake of the nucleic acid. This study uses an in vivo model to compare the level of 
gene expression resulting from plasmid DNA (pDNA) delivery using a range of microneedle designs 
varying in height, needle spacing and morphology. Studies using excised human skin also indicate that 
microneedle skin disruption is more efficient at facilitating cell uptake and expression of pDNA when 
compared against tape-stripping and cyanoacrylate-stripping methods. 
 
Microneedle devices with various needle shapes (blade, concave, serrated), heights (500 or 750 µm) and 
spatial densities were coated with pTD166 pDNA and allowed to dry overnight at 4°C before being 
applied to mouse paws. The amount of nucleic acid coated onto the microneedles was manipulated using 
an optimised coating method. Following analysis of coating efficiency and delivered dose, the reporter 
gene expression, expressed as bioluminescence, was imaged using the IVIS Lumina II system. pDNA 
(6.9µg) was coated onto each microneedle device and 1-4 µg pDNA was subsequently deposited into 
each mouse paw. In each case, a significant level of gene expression was observed in the mouse 
footpad. Whilst it was anticipated that different microneedle morphologies would affect the coating, 
deposition and disruption capabilities, resulting in different level of gene expression, there was no 
observable difference between the microneedle types (n = 3 for each treatment group). This suggests 
broad utility for all of the tested microneedle designs and confirmed biological functionality of the pDNA 
following microneedle loading. 
 
Further studies in human skin explants have compared pDNA delivery using microneedles against the 
alternative physical skin disruption methods of tape-stripping and the use of liquid cyanoacrylate for 
removal of the stratum corneum. Preliminary data indicates that gene expression is more extensive and 
reproducible when pDNA is surface applied to skin prior to and following microneedle disruption 
compared to other disruption methods studied.  Future studies will investigate modification of the pDNA 
formulation as a means to enhance and control the delivery and subsequent expression of nucleic acids 
in excised human skin. 
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Hollow polymer microneedles arrays are of interest for pharmaceutical applications because they open 
the way to injecting transdermally a wide range of molecules with the advantages of hypodermic 
injections (rapid onset action…) without the drawbacks (pain, skin reactions…).  When designing 
microneedles, pharmaceutical applications bring their specific constraints. From the patient perspective 
they mostly are safe and easy injection, while from an industrial perspective they mostly are easy and low 
cost fabrication. Our team focuses its research on microneedles with this specific target application. Our 
microneedles design (Fig.1 and Fig. 2) thus combines interesting characteristics in terms of ease of 
fabrication at large scale, mechanical resistance and fluids dynamic (to insure reasonable injection time 
and volume). 
 
Looking at pharmaceutical substances injection, the choice naturally turns to polymeric materials, which 
are biocompatible, have good mechanical properties (resistance to skin insertion for a wide dimensions 
range [1]) and can be simply formatted. Some polycarbonate grades are indeed already widely used in 
medical devices. We use a conical design and a “double molding” technique (Fig.3) that leaves pre-
emptied needles after the molding phase through which walls an opening can then be easily pierced 
using laser technology. 
 

       

 
This design thus involves a conical needle geometry with an internal conical cavity and a side opening 
consisting of an outlet channel processed through the needle walls. This new design has thus be thought 
through in view of large scale production at low costs but also presents interesting mechanical and fluid 
dynamics characteristics. In the considered range of dimensions (height 900 µm base diameter 500 µm 
to 1mm), the microneedles are really robust for wall thicknesses equal to or greater than 30 µm. The 
small outlet channel (25 to 50 µm diameter cylinder) allows a good fluid flowing by concentrating the 
pressure losses, thus ensuring flow homogenization when microneedles are placed in the form of an 
array. The number of microneedles to be placed on this array depends on the flow rate to reach but 
numerically computed flow rates show the suitability of our design for drug delivery applications. 
Numerical simulations using finite element simulations (Comsol Multiphysics) based on 3 by 3 and 5 by 5 
arrays of needles demonstrate the design robustness to insertion and the possibility to inject 1mL per 
minute for substances up to viscosities of 80cPo.  
 
Our prospective work involves experimental testing in terms of skin piercing, delivery of solution into the 
skin and pharmacokinetic. 
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Fig.3   Double mold technique  Fig.1   100 molded plain polymer needles 
array after demolding 

Fig.2   25 hollow PC 
microneedles  array  
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 We contribute a study of the dissolution of rigid neural probe delivery vehicles made of 
biocompatible carboxymethyl cellulose (CMC). We quantify the rate of water absorption from an agar gel 
brain phantom and cow brain (Fig. 1) and use the hydrated CMC volume as the initial condition for the 
prediction of CMC concentration profile C in the extra-cellular space (ECS) of neural tissue over time with 
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based on reported ranges of diffusion constant D, tortuosity λ and ECS volume fraction alpha for 
materials of similar molecular weights, assuming no sources Q = 0, loss mechanisms f(C) = 0 or bulk flow 
velocity v = 0 [1]. Predicted diffusion behavior is compared to histology of CMC delivery vehicles of 
different dimensions implanted in Sprague-Dawley rats (Fig. 2). 
 We recently reported a scalable, ultra-compliant neural probe that is embedded for in vivo 
implantation in a CMC delivery vehicle [2]. The recording probes are micron-scale and meandering to 
provide axial strain relief for the reduction of relative motion between the recording site and the tissue in 
which it's embedded. The probe design derives from the hypothesis that a recording structure with a size 
on the neuron scale and a mechanical compliance matched to neural tissue will lead to reduced reactive 
tissue response and improved neural recording stability over the lifetime of an implant recipient. The 
expected applications for these probes are prosthetic control and mobility recovery for tetraplegics. 
 The compliance and size of our probes (2.5 μm thickness and 10 μm width) requires a delivery 
vehicle with stiffness sufficient to penetrate the neural tissue. The concept of stiffening a neural probe for 
insertion using a polymer has been revisited recently by Lewitus et al. [3] who dip-coated a 70 μm 
diameter wire with a tyrosine-derived material. Their target material biodegraded with a reported half-life 
of 150 minutes. The process of dip-coating is not feasible for the ultra-compliant probes ( they could not 
overcome the solution surface tension) so the delivery vehicle is molded around them in place as 
described in [2]. The success of our approach is dependent on the rapid and complete dissolution of the 
delivery vehicle, the dynamics of which will be described in this paper. 
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(a) pre-insertion (b) 10 s in 0.6% agar 
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Fig.1 (a) CMC delivery vehicle for ultra-compliant 

neural probes. (b) 10 s after insertion into a 0.6% 

agar gel brain phantom. (c) 45 s after agar gel 

insertion. (d) 500 μm deep cryo-section after 30 

minutes in cow brain. 

Fig.2 Histology of CMC delivery vehicle in Sprague-

Dawley rat (a) 100 μm shank 1 day after implant, (b) 

28 days after implant, (c) 300 μm shank 1 day after 

implant and (d) 28 days after implant 

100 μm 

300 μm 

800 μm 

probe 

shank outline 

(b) 100 μm - 28 day 

(c) 300 μm - 1 day (d) 300 μm - 1 day 

(d) 30min in 

cow brain 
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Previous studies in our group have demonstrated that immuno-responsive cells within ex vivo human 
skin respond to virus-like particles (VLPs), a novel vaccine candidate, when formulated and delivered 
as a surface coat on solid stainless steel microneedles (MN)1.  Although these studies have shown 
human dendritic cells (DCs), such as Langerhans cells (LCs) are stimulated there is little known about 
the subtle molecular changes that occur, which can have a significant influence on the resultant 
immune response generated.   The aim of this study is to explore for the first time differential gene 
expression that occurs in human skin following MN-mediated delivery of H1N1 VLPs. 
  
MNs arrays consisting of five individual 750µm needles were prepared by laser etching from stainless 
steel sheets and surface coated with 10µg of H1 (A/PR/8/34; H1N1 swine-origin) VLPs. Viable human 
breast tissue was utilized during this study, obtained from patients undergoing surgery under full 
ethical and informed patient consent. Treatment groups consisted of VLP and placebo coated MNs 
along with untreated skin (n = 4 each group).  MNs were applied to the skin with a force of 0.2 - 0.5 N 
and left in situ for 10 mins. Following MN removal each sample was placed into a modified Trowell-
type organ culture system for 24 hours2.  Total RNA was extracted from selected samples with purity 
and quality confirmed spectrophotometrically at 260 nm. cDNA  was synthesized and hybridized with 
HumanHT-12 v4.0 BeadChip arrays (Illumina, Inc) for microarray analysis.  Differential gene 
expression was determined by significance analysis of microarrays (SAM) with ontological analysis 
performed using an implementation of the Hypergeometric test in the GOstats package, significance 
cut-off of p = 0.01 was used.  Quantitative RT-PCR reactions with TaqMan® Low Density Array 
(Inflammation gene signature panel) was performed with differential gene expression determined 
using the ∆∆Ct method with DataAssist™ software (applied biosystems). Treated skin samples were 
also prepared for Immunohistochemistry (IHC) with select markers for DC characterization (CD207, 
CD1a) and migration (CCR7, CXCR4).   
 
SAM analysis identified 101 probes differentially expressed only in samples treated with H1N1 VLP 
coated MNs and subsequent ontological analysis provides strong evidence that the expressed genes 
were involved in immune response and viral infection. The ontological terms include “response to type I 
interferon” (P = 3.995 x 10-29); “response to virus” (P = 1.169 × 10-18); “innate immune response” (P = 
3.652 x 10-05). TLDA analysis revealed a significant (p<0.05) up-regulation in 58 of the 96 target genes 
in samples treated with MNs coated with VLPs, including CD40, CD8A, CCR7, CSF1, IFN-g, STAT3 
and ICAM.  IHC performed on transverse histological sections showed that CD207+ cells were more 
dispersed throughout the epidermis with significant numbers in the locality of the basement membrane, 
in VLP treated groups, consistent with actively migrating cells.  
 
In conclusion, these data provide analysis of global gene expression in human skin treated with VLP 
surface coated MNs.  The initial results clearly show a significant biological response, not seen in 
controls, consistent with endogenous response to virus.  These studies further confirm that suggests 
the MN approach can be exploited for successful intraepidermal/intradermal immunization.   
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A novel method for the preparation of dissolvable ImmuPatch microneedles was developed which has 
the potential to be scaled up to a continuous industrial process. The process enabled the production of 
layered microneedles. Microneedles were constructed from a range of polymers and sugars. The 
material of construction influenced the degree of epidermal disruption resulting from the application of 
microneedles to porcine skin. 
 
Microneedles can be used to form micropores in the skin which aid the transcutaneous delivery of drugs 
that do not diffuse passively through the s. corneum. Microneedles can be used to pretreat skin prior to 
application of a drug containing solution or patch. Alternatively microneedles can be manufactured from 
dissolvable materials incorporating the active pharmaceutical ingredient (API). Materials such as sugars 
and polymers have been used to formulate dissolvable microneedles (DMNs) because of the 
biocompatibility and the dissolution profiles of these materials. 
 
Polydimethylsiloxane (PDMS) moulds were prepared by pouring PDMS onto undiced silicon microneedle 
wafers. The selected component material was fed in solution form into the atomising nozzle. The air 
pressure, air cap setting, liquid feed rate and the distance from the nozzle to the mould were altered to 
suit the formulation and/or the design of dissolvable microneedle required. A polymer backing layer was 
poured onto the spray filled mould. The dissolvable microneedle patch was dried at room temperature 
overnight. Dissolvable microneedle arrays were readily removed from PDMS moulds manually, following 
drying. The microneedles formed were 280μm in height. Red fluospheres™ and FITC (green) were used 
to highlight the layered structure of microneedles. Microneedles were imaged using fluorescent 
microscopy. Haematoxylin and Eosin B staining of cryosectioned ex vivo porcine skin following 
application of the dissolvable microneedles, highlighted a variety of events at the skin surface 
 
ImmuPatch dissolvable microneedles were successfully formed using this method of manufacture. 
Sugars, polymers, cellulosics and alginic acid derivatives formed reproducible replicas of the original 
pyramidal silicon microneedle.  
 
Layered ImmuPatch microneedles were obtained by altering the processing parameters. When 
compared to the negative control (application of a flat patch), all of the dissolvable microneedles show 
increased incidence of epidermal breaches when applied to ex-vivo porcine skin with the exception of 
fructose microneedles.  
 
This method of manufacture can be used to produce dissolvable microneedles from an extensive range 
of materials. It also produced layered dissolvable microneedles which can be exploited to produce a 
combined bolus and/or sustained release delivery systems, to increase strength or other release 
characteristics by varying the material used to produce the needle tip or base and to apply protective 
layers against humidity, oxygen and light. The choice of component material was shown to influence the 
strength of the microneedle and consequently its ability to penetrate the skin.  It is envisaged that this 
novel method of microneedle preparation can be scaled up to a continuous, cGMP compliant, cost-effect 
method of microneedle manufacture at an industrial scale. 
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Non-invasive transdermal delivery using microneedle arrays was recently introduced to deliver a variety of 

large and hydrophilic compounds into the skin, including proteins and DNA. In this study, a microneedle 

array was applied to the delivery of a hydrophobic drug, ibuprofen, to determine if transdermal delivery in 

rats can be improved without the need for permeation enhancers. The ability of a microneedle to increase 

the skin permeability of ibuprofen was tested using the following procedure. A microneedle array was 

inserted into the lower back skin of a rat using a clip for 10 min. Subsequently, ibuprofen gel was loaded 

on the same site where the microneedle had been applied. Simultaneously, the microneedle was coated 

with ibuprofen gel, and inserted into the skin using a clip for 10 min. As a negative control experiment, 

only ibuprofen gel was applied to the shaved lower back of a rat and ibuprofen syrup was administered 

orally. Blood samples were taken at the indicated times. The plasma concentration (Cp) was obtained as a 

function of time (t), and the pharmacokinetic parameters were calculated using the BE program. The AUC 

of ibuprofen gel was ten times higher than ibuprofen syrup. When the microneedle array was applied for 

10 min, followed by administration of the ibuprofen gel, the AUC of ibuprofen were increased slightly by 

116%. These results suggest that a microneedle can be an ideal tool for transdermal delivery products. 

Fig. 1 In vitro permeation of ibuprofen 

 
Table I. Pharmacokinetic parameters of ibuprofen after transdermal delivery 
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【Objectives】 
3D image analysis is a useful tool for microneedle structure characterizations and might be essential for 

their quality controls at production sites. However, acute-angled microneedles have not given any images 
by usual methods using optical microscopies. In this study, image analysis by optical microscopies with 
white light interferometer or a new “dot” technology, and laser microscopy were tried and compared. 
【Methods】 
Poly(glycolic acid) microneedles, where about 100 white needles are arrayed in 1 cm2 and angle of each 

needle to base is 86°, were used. As white light in terferometory, ContourGT 3D optical microscopy by 
Bruker AXS was used. For the other optical microscopy, Zeta-200 3D optical profiler by Zeta Instruments 
was used. For laser microscopy, OLS 4000 by Olympus was used. Detections of needles defects such as 
loss or bending of the tops were also tried in Zeta-200 studies 
【Results】 
 Zeta-200 was successful in gaining images of the acute-angled microneedles. It also detected the 
defects of the tops. Its new technology that determines focused area may contribute to the excellent 
images, as most of other usual microscopies failed to give the images. Laser microscopy showed higher 
resolutions and gave clearer images. However, small fields of views by these methods may prevent whole 
array analysis. Though white light interferometry could not give any image of the acute-angled parts, it 
showed heights of the each needle where the slope was gentle. As field of view is large, it may give 
heights information of whole arrays in a shorter time. When image analysis would be used at quality 
controls, combination of different techniques may be necessary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                           

Fig.1   Poly(glycolic acid) microneedle. 
        Length: ca. 580 µm 

Fig.2   3D image of microneedle array 
 by Zeta-200 3D optical profiler. 
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Collagen fibres play an important role in the mechanical behaviour of many soft tissues. Modelling of 
such tissues now often incorporates a collagen fibre distribution. However, the availability of accurate 
structural data has so far lagged behind the progress of anisotropic constitutive modelling. Here, an 
automated process is developed to identify the orientation of collagen fibres using inexpensive and 
relatively simple techniques1. The method uses established histological techniques and an algorithm 
implemented in the MATLAB image processing toolbox. A brief algorithm is outlined below and the main 
steps of the algorithm are illustrated in Fig.1. 
• The RGB image was converted to a binary image where white pixels indicate collagen and black 

pixels for all other areas. 
• After erosion steps, individual fibres bundles are identified using the bwlabel function. 
• An ellipse was approximated about each fibre bundle and the orientation of the major axis of each 

ellipse was calculated. 

 
 
The structural parameters of the popular Gasser-Ogden-Holzapfel (GOH) model were all successfully 
evaluated for human skin. The mean dispersion factor for the dermis was κ= 0.1404 ± 0.0028. The 
constitutive parameters µ, k1 and k2 were evaluated through physically-based, least squares curve-fitting 
of experimental test data2. The values found for µ, k1 and k2 were 0.2014 MPa, 243.6 and 0.1327, 
respectively. 
Finally, the above model was implemented in ABAQUS/ Standard and a finite element (FE) computation 
was performed of uniaxial extension tests on human skin.  
It is expected that the results of this study will assist those wishing to model skin, and that the algorithm 
described will be of benefit to those who wish to evaluate the collagen dispersion of other soft tissues. 
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Fig.1   Images output from automated algorithm 
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The presence of many relevant biomarkers in interstitial fluid puts forward this bodily fluid as an analyte of 
interest for continuous monitoring of health indicators. Although research and industry have aimed many 
efforts in the direction of a continuous monitoring, to date there is not yet a system capable of that.  
One of the reasons that hampers the development towards continuity of the system is that most of the 
concepts are based in the analysis of blood, which sampling needs to be sparse and controlled in time.  
 
In recent reports, it has been shown that it is possible to extract interstitial fluid from the skin

1, 2
. Most 

interestingly, the fluid can be collected by minimally invasive methods, which is a preferred feature in a 
continuous analysis scenario, as it can help to avoid the risk of infection and discomfort in the patient. 
 
In this report we present the concept that we envisage for a continuous monitoring system in which 
interstitial fluid is sampled and analyzed on chip. By means of extracting the fluid from the skin with a 
painless insertion

3
 of hollow microneedles (shown in fig.1), it is possible to obtain a continuous sampling 

for in situ analysis of the concentration of present biomarkers. We are currently developing the integration 
of a microneedle array with an electrochemical/optical sensor to take care of the analysis of the collected 
biomarkers. 
  
Our final goal is to offer a system for continuous monitoring of the active metabolism of the individual.  
This would be helpful in the scenario of efficient treatment of various medical conditions, but also in the 
sport arena. The system could enable training programmes of elite athletes to be tailored to the subject 
during and after training. 
. 
 
 
 
 
 

                                     
 
 

 

References 
 

1. Mukerjee, E. V.; Collins, S. D.; Isseroff, R. R.; Smith, R. L., Microneedle array for transdermal biological 

fluid extraction and in situ analysis. Sensors and Actuators A: Physical 2004, 114, (2–3), 267-275. 
2. Mitragotri, S.; Coleman, M.; Kost, J.; Langer, R., Analysis of ultrasonically extracted interstitial fluid as a 

predictor of blood glucose levels. Journal of Applied Physiology 2000, 89, (3), 961-966. 
3. Kaushik, S.; Hord, A. H.; Denson, D. D.; McAllister, D. V.; Smitra, S.; Allen, M. G.; Prausnitz, M. R., 

Lack of pain associated with microfabricated microneedles. Anesthesia and Analgesia 2001, 92, (2), 502-
504. 
 
 

Fig.1   Hollow silicon microneedle array, with 

heights of 300 µm and a bore hole of 

around 50 µm of diameter. 

Fig.2   Extraction of interstitial fluid from skin. 

The needles don’t reach the dermis, where 

nerve connections appear and would send 

pain signals to the brain 

microneedle 
 array 

62



 
Integrated electro-microneedle for cutaneous gene transfer 

 
Kwang Lee1, Jung dong Kim2, Miroo Kim2, Huisuk Yang1, Do hyun Jeong2 and 

Hyungil Jung1 
1 Department of Biotechnology, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea 
2 Raphas,DMC Hi-tech industry center, 1580 Sangam-dong, Mapo-gu, Seoul 121-912, Korea 

H. Jung hijung@yonsei.ac.kr 
 

Cutaneous gene transfer, which introduced missing or defective genes into the body, has been 
clinically focused as a treatment approach for inherited skin diseases and systemic disorders, 
however, it is limited by biological barriers, skin as well as cellular membranes. Therefore, nonviral 
methods to improve gene permeability against biological barriers have been developed. 
 
Cutaneous permeation is the fundamental step for cutaneous gene transfer, and microneedle has 
been suggested to release genes into viable skin regions by disrupting the outermost skin layer [1].  
Also, electroporation induces intracellular gene uptake in response to electric field pulses and is 
widely used for gene transfection [2]. These non-integrated systems, in which cutaneous permeation of 
microneedle and gene transfection of electroporation are separated, overcome the impermeable 
obstacles of the skin and cellular barriers, respectively. However, it is not easy to induce an electric 
field at exactly the same site as gene release when using non-integrated systems, which results in 
lower-than-desired gene concentrations in-situ at the electric field site. Hence, effective cutaneous 
gene transfer desired sequential cutaneous permeation and gene transfection mechanism, and 
especially, each mechanism has to automatically align by integrated system. 
 
Efficient gene transfer required integration electroporation with microneedle, which is capable to load 
sufficient amount of DNA. Monolithic fabrication of this integrated microneedle, however, is difficult to 
achieve using traditional micromanufacturing techniques such as subtractive projection lithography 
and the micro-casting method, because these techniques fail to generate the microneedle over the 
electrode, which is a critical requirement for successful fabrication. 
 
Here, we describe high-capacity in-situ cutaneous gene transfer using an integrated electro-
microneedle. We designed the integrated electro-microneedle as a monolithic hybrid assembly of a 
microneedle and an electrode, and fabricated it by our novel lithography technique.  This integrated 
electro-microneedle overcomes the drawbacks of traditional cutaneous gene transfer methods, 
because it facilitates stepwise-aligned cutaneous permeation and gene transfection with sufficient 
gene loading in the microneedle. We anticipate that functional integrated electro-microneedle will be 
suitable to design cutaneous gene therapy for cancer and vaccine. 
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Fig. 1. Monolithic integration with a microneedle 
and an electrode. 

Fig. 2. Cutaenous pCMV Gluc transfer using 
integrated electro-microneedle. 
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Two currently licensed live oral vaccines have shown high efficacy against severe rotavirus diarrhea 

in young children of developed and middle income countries. However, both vaccines are less 

effective in low-income countries where rotavirus remains a major killer and their impact in those 

challenge settings has yet to be established. In addition, both vaccines are too expensive to be adopted 

into routine immunization programs in many countries. In an ongoing effort to develop an alternative 

approach to oral vaccination, we have been developing an inactivated rotavirus vaccine (IRV) and 

have demonstrated its immunogenicity in mice and protective efficacy in piglets by intramuscular 

(IM) administration. In this study, we assessed whether skin immunization of IRV by microneedles 

(MN) uses less antigen but induces more effective immunity to rotavirus than IM injection in mice. 

To address this question, female inbred BALB/c mice in groups of six were immunized once in the 

skin with MN coated with 5 µg or 0.5 µg of inactivated rotavirus antigen or IM with 5 µg or 0.5 µg of 

the same antigen. For controls, mice were immunized once with MN coated with diluent buffer or IM 

with 5 µg of antigen reconstituted from coated MN.  Mice were bled at 0 and 10 days and 

exanguinated at 28 days. Rotavirus-specific IgG and neutralizing titers increased over time in sera of 

mice immunized with IRV using MN and IM injection. IgG and neutralizing titers were generally 

higher in MN immunized mice than in IM immunized mice; the titers in mice receiving 0.5 µg of 

antigen with MN were comparable or higher than those receiving 5 µg of antigen IM.  None of the 

mice receiving diluent-coated MN had detectable IgG titers. MN immunization appeared to induce 

the activation of dendritic cells in spleen and elevated levels of some cytokines in serum of mice. Our 

findings demonstrate that MN delivery can reduce the amount of IRV antigen needed to mount a 

robust immune response and holds promise as a strategy to develop a less expensive and more 

effective rotavirus vaccine for use in global immunization. 

 

           
        Before      After 

 

 

     Fig. 1. Rotavirus particles coating on MN   Fig. 2. Rotavirus IgG profiles in vaccinated mice      
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It has been previously reported that nanoparticles are a promising approach as a drug delivery systems 
for topical administration, providing the skin with drug over prolonged period and maintaining a controlled 
drug release in the skin (1, 2). This particularly applies to drug candidates, such as ketoprofen, which 
exibit short elimination half-time and a numerous side effects after oral administration (3, 4). However, 
drug topical administration is still a challange due to the difficulties in delivering the drug into the skin 
layers instead of remaining on the skin surface. Therefore, our study was designed to evaluate the 
potential of developed nanoparticulate systems for sustained transdermal ketoprofen delivery, and to 
determine if microneedle patches would enhance drug delivery into the deeper skin layers. 
Ketoprofen loaded nanoparticles were prepared by nanoprecipitation method, using poly (D, L-lactic acid) 
(PDLLA) as a polymer, and characterized for particle size distribution, morphology, surface properties, 
drug content and drug release. In vitro penetration studies were performed on Franz-type diffusion cells 
using excised porcine skin treated with silicon microneedles. Porcine skin treated with flat silicon patches 
was used as negative control. Ketoprofen was recovered from tape-strippings and from deeper skin 
layers. The drug permeation profile was determined from collected receptor phase samples. The 
quantitative determination of both ketoprofen permeation and penetration profiles was performed by high 
performance liquid chromatography (HPLC). We demonstrate that uniform ketoprofen loaded PDLLA 
nanospheres were prepared with high encapsulation efficiency and capability to sustain and control the 
drug release over a 24 hours exposure. Furthermore, high tissue concentrations of ketoprofen were 
found in deeper layers of porcine skin treated with ImmuPatch silicon microneedles, overcoming the 
stratum corneum as the main barrier for intradermal drug delivery. Although these results were needed to 
be further conformed by in vivo studies, the presented preliminary in vitro studies showed that 
biodegradable PDLLA nanoparticles would supply the skin with drug over a prolonged period of time and 
microneedle transdermal patches could be employed as promising formulations for controlled ketoprofen 
delivery. 
 
References  
 
1. Rancan F, Papakostas D, Hadam S, Hackbarth S, Delair T, Primard C, et al. Investigation of Polylactic Acid 
(PLA) Nanoparticles as Drug Delivery Systems for Local Dermatotherapy. Pharmaceutical Research. 
2009;26(8):2027-36. 
2. Zhang W, Gao J, Zhu Q, Zhang M, Ding X, Wang X, et al. Penetration and distribution of PLGA nanoparticles in 
the human skin treated with microneedles. International Journal of Pharmaceutics. 2010;402(1-2):205-12. 
3. Vonkeman HE, van de Laar MAFJ. Nonsteroidal anti-inflammatory drugs: adverse effects and their prevention. 
2010;39(4):294-312. 
4. Kim BS, Yang MW, Lee KM, Kim CS. In vitro permeation studies of nanoemulsions containing ketoprofen as a 
model drug. Drug Delivery. 2008;15(7):465-9. 
 
 

65

mailto:sonja.vucen@gmail.com


 
MICROMOLDED NANOPOROUS CERAMIC MICRONEEDLE ARRAYS  

 
J. de Groot1, M. Verhoeven2, D. Fernandez Rivas2,* T.D. de Gruijl3, 

R.J. Scheper4 and R. Luttge2,4,# 

 
1Department of Pathology, Free University Medical Center (VUmc), Amsterdam, The Netherlands 

2 Mesoscale Chemical Systems, Faculty of Science and Technology, MESA+ Institute for 
Nanotechnology, Enschede 7500 AE, The Netherlands. 

3Department of Medical Oncology, Free University Medical Center (VUmc), Amsterdam, The Netherlands 
4MyLife Technologies B.V., Enschede, The Netherlands 

* Presenting author: d.fernandezrivas@utwente.nl 
# Corresponding author: r.luttge@utwente.nl 

 
 
Nanoporous microneedle arrays (npMNA) made of aluminium oxide (Al2O3) were fabricated via a 
micromolding process using a PDMS mold generated by means of a double replication process from a 
polymer-silicon (SU-8/Si) master template.1 Mercury (Hg) porosity measurements showed that the pore 
size and density obtained depended on the temperature used for sintering, the average nanopore 
diameter for 1500 0C is 80 nm.  
We tested the possibility of an npMNA-patch to breach the skin barrier and deposit a model vaccine 
made of Ovalbumin (OVA) into mice compared to intradermal injection established in this field of 
research.2 The VUmc animal ethical welfare committee reviewed the animal experimental design using 
an inbred mouse model. We assembled npMNA with a standard bandage tape for fixing the array to the 
inner mouse ear. Prior to fixation the active cargo compound OVA was loaded onto the npMNA by 
pipetting a small droplet (ca. 5-10 µl) of the solution onto the microneedles. The cargo remains in solution 
inside of the nanopores and partially remains also in between the microsized needles. Directly after 
loading the cargo-compound the array was attached and the array was manually pushed into the skin. 
Serum titer-readings were obtained (see Figure 1(Right)) and from the experiments we can conclude that 
the function of the npMNA is comparable to a conventional intra dermal injection. The npMNA technology 
does function as a breaching device to surpass the skin barrier as well as it has clear prospective as an 
easy to handle point-of-use device, including the potential for self-administration.  
 
 

 
Fig. 1 (Left) Scanning Electron Micrograph (SEM) of one specific type of needle tip, and a zoomed detail 
of the nanoporous structure. a) the yellow area on the tip is drawn at scale within b).  (Right) OVA titer in 
mouse serum after 28 days of the first injection. Two different concentrations of OVA were manually 
injected intradermally and compared to the array’s and negative control experiment. 
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Influenza is a potentially life-threatening infectious disease that causes up to 5 million cases of severe 
illness annually during seasonal epidemics. Microneedle (MN) “patches” are designed to deliver vaccines, 
such as the seasonal influenza vaccine, in the skin where there is an abundance of immune cells, thus 
eliciting  similar or improved immune response when compared to conventional intramuscular injection.  
Coated metal MN are stainless steel projections that are less than 1 mm long, typically around 700 µm, 
which are then dip-coated into a coating solution containing the vaccine along with formulation excipients, 
such as stabilizers, viscosity enhancers, and surfactants.  During coating and subsequent storage, 
influenza vaccine can be damaged due to the drying process and instability during storage. The excipient 
formulation is critical to maintaining vaccine antigenicity during the drying and storage of MN patches.   
 
In this study we are developing a high-throughput screening method to optimize microneedle coating 
formulations for influenza vaccine stability.  Coating MN arrays is time consuming, thus requiring a faster 
method for testing various coating formulations.  We have addressed this bottleneck by using 6 mm-wide 
stainless steel chips as a surrogate for the metal surface of a MN.1  Also, the previous method of testing 
vaccine antigenicity used in our laboratory, the hemagglutination assay, requires extensive hands-on 
time; therefore a more efficient screening test is required.  Currently under development is a possible 
replacement for the hemagglutination assay for screening experiments.  The method utilizes the Biacore 
system from GE Healthcare.  This assay uses surface plasmon resonance to measure the amount of 
hemagglutinin protein that binds to a specific antibody, which is correlated to the concentration of active 
vaccine in a given sample.  This method allows for rapid, automated testing of samples for antigenicity.  
As previously shown in our laboratory, sugars such as trehalose have maintained over half of vaccine 
antigenicity after 1 h of drying.2  This study examines the use of various sugars and carbohydrates, as 
well as mixtures of these, guided by the hypothesis that combinations of sugars will inhibit coating 
crystallization, which we have found to be an important mechanism of influenza virus damage during 
storage 
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Microneedles can be used for minimally-invasive detection of compounds in the skin. Blood and skin 
concentrations are correlated for many compounds. In biosensing applications, once the needles’ tips 
penetrate the skin’s first layer, the stratum corneum, the interstitial fluid (ISF) in the skin starts rising in the 
microneedles’ lumens through capillary action. This process, thus, requires hydrophilic surfaces in the 
lumens. Until now, wide spread adoption of microneedles for biosensing has been limited by the 
expensive and time consuming fabrication techniques used to make silicon or glass microneedles. Here, 
we present a hollow and hydrophilic polymer microneedle array that is an inexpensive alternative to the 
previous microneedles used for biosensing.  

We have previously presented a fabrication technique, based on solvent casting, for making inexpensive 
hollow polymer microneedles for drug delivery applications [1]. In this work, we have modified the process 
to make hollow polymer microneedles suitable for sampling of interstitial fluid (ISF) for biosensing 
purposes. The microneedles have hydrophilic channels and are capable of transferring ISF through their 
lumens to their channel openings. The microneedles are made from polyvinyl alcohol (PVA) cross-linked 
with boric acid (BA) (Fig.1). Cross-linking the polymer improves its mechanical rigidity, and also 
substantially reduces swelling caused by the ISF. A thin poly(methyl methacrylate) (PMMA) is added on 
top of the PVA layer in order to protect the PVA during the plasma etching step that opens the needles’ 
tips. Figure 2 shows an array of PVA microneedles made through this process. 

Through a series of mechanical tests, it was found that each needle can sustain compressive loads of up 
to 0.21 ± 0.04 N which is sufficient to pierce human skin given the needle tip dimensions [2]. A series of 
contact angle measurements were also carried out to evaluate the surface hydrophilicity of the material. 
The average contact angle of water on the cross-linked PVA surface was 48.6 º, which confirmed that the 
material is hydrophilic and therefore suitable for the application. 
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Fig.1   Fabrication process ; a) fabrication of 
a mold consisting of an array of SU-8 
pillars coated with a 
polydimethylsiloxane (PDMS) layer, b) 
deposition of PVA + BA solution, c) 
solvent evaporation, d) casting of a 
PMMA layer, e) separation from the 
mold,  f) opening the tips using O2/CF4 

plasma etching. 

Fig.2   SEM of an array of solvent cast PVA 
microneedles, 250 µm long and 50 µm 
tip opening. 
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ImmuPatch is a microneedle-based vaccine delivery platform technology that aims to address current 
financial and logistic obstacles in immunization programmes. Pyramidal microneedles, that range from 
100-800μm in height, are produced by wet-etch technology, resulting in very sharp needle tips and 
extremely smooth surfaces that go cleanly in and out of tissue at very low insertion forces. This 
fabrication procedure is based on semiconductor technology and is transferable to large-scale industrial 
manufacturing. Additionally, these silicon microneedles can also be fabricated as hollow-bore 
microneedles. In initial studies with solid, silicon microneedles, we demonstrated that the design of the 
microneedle array significantly impacts on the induction, in mice, of T cell and antibody responses by live 
vaccines, such as BCG, recombinant virus vectors, such as Modified Vaccinia Virus Ankara (MVA) and 
Adenovirus and by subunit vaccines. Here, we define the key design parameters that result in 
augmented vaccine-induced CD4+ and CD8+ T cell and antibody responses compared to needle-and-
syringe administration of full doses of these vaccines. Furthermore, we demonstrate the differences in 
inflammatory responses in the skin and the draining lymph nodes when vaccines are delivered by 
microneedle patches compared to needle-and-syringe administration.  
 
In a further development of this technology we fabricated dissolvable microneedles containing live 
recombinant virus vectors or subunit antigens using solid silicon microneedles as master moulds. We 
discuss the composition of ImmuPatch dissolvable microneedles with respect to mechanically strength, 
skin penetration and stabilising effect on live vaccines, in comparison to commonly used dissolvable 
microneedle formulations. Similar to some other dissolvable microneedle technologies, these 
microneedles fully dissolve on insertion into the skin and therefore eliminate hazardous waste material. 
Key aims in the development of our fabrication methods of dissolvable ImmuPatch were to avoid re-use 
of active material and develop a simple process that is scalable and adaptable to online vaccine 
manufacturing practices. We demonstrate the stability of vaccine incorporated into dissolvable 
ImmuPatch, skin penetration efficiency and murine immunogenicity and discuss the further development 
of dissolvable microneedle technology to clinically relevant endpoints. In contrast to traditional 
immunization approaches, ImmuPatch microneedle-based technologies represent a tailored strategy for 
the development of more potent live and subunit vaccines by the enhancement of protective antibody 
and T cell responses and it provides potential solutions to logistic obstacles of immunization programmes 
by stabilising vaccines at ambient conditions.  
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Influenza is a vaccine-preventable disease but remains a major health problem world-wide. Needle and 

syringe injection into muscle (invented in 1853) is still the most commonly used vaccine delivery 

system. Novel delivery approaches, like transdermal administration, could more effectively elicit 

systemic and mucosal immune responses; provide safer, needle-free vaccine delivery; and even permit 

with self-administration.  A needle-free system could also increase compliance with recommended 

vaccination schedules. 

Microstructures disrupt the stratum corneum, deliver antigens to the epidermis and upper dermis, 

avoid blood vessels and nerve endings, and thus provide pain-free antigen delivery. Langerhans cells 

in the epidermis detect and capture the vaccine antigens that are presented to T cells in draining lymph 

nodes. 

One mechanism of formulating influenza vaccines onto microstructures requires a highly concentrated 

antigen formulation. The concentration of conventionally produced influenza vaccine monovalent 

bulks is well below that required to coat microstructures with human vaccine doses; therefore further 

concentration may be necessary. Stability of the antigens before and after coating is desired to reduce 

dependence on a cold chain during manufacturing, transport and storage. In this study, monobulk 

antigens were concentrated by tangential flow filtration (TFF) and lyophilization. The concentrated 

antigens were stable and retained antigenic activity, as assayed by by single radial immunodiffussion. 

3M microstructure patches coated with the trivalent vaccine were evaluated for elicitation of immunity 

in guinea pigs.  The immunogenicity of patch-delivered flu vaccine was comparable to that of IM-

delivered vaccine.  Preliminary in vivo data encourage a more detailed evaluation of microstructure-

mediated transdermal vaccine applications, which may provide therapeutic and emotional benefits, 

resulting in higher patient compliance. 
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We recently demonstrated the use of layer-by-layer (LbL) directed-assembly to coat the surfaces of skin 
patch microneedles with hydrolytically-degradable polyelectrolyte multi-layer films encapsulating plasmid 
DNA (pDNA) for transcutaneous gene delivery.1  In a small-animal model, these DNA-containing multi-
layer coatings promoted transfection when coated microneedles were applied to skin for 24 hours to 
allow film degradation and pDNA release.  To increase the practicality of this approach, we sought to 
design patches that could rapidly implant intact multi-layer films into the epidermis following a brief 
application of microneedles to skin.  This approach would enable subsequent controlled release of 
DNA/therapeutics from the implanted films in situ without the need for prolonged application of 
microneedles arrays.  To achieve this goal, we present a new approach for the deposition of multi-layer 
films designed to provide rapid delamination and delivery of intact multi-layer films upon application of 
coated microneedles in vivo.  We employed a pH sensitive polymer2 as a sacrificial ‘release layer’ for 
overlying multi-layer film assembly on biodegradable poly-lactide microneedles.  This pH-sensitivity 
allowed the release-layer to retain sufficient stability for LbL processing at low pH, while providing rapid 
dissolution, mediating the rapid delamination of overlying films when rehydrated by interstitial fluid at 
higher pH in the skin.  This approach represents a general strategy for the rapid delamination-based 
delivery of intact films from surfaces. LbL deposition of multi-layers encapsulating pDNA and/or poly(I:C) 
(a double-stranded RNA adjuvant) together with biodegradable poly-cations onto polymer release layers 
exhibited regular film growth as measured using surface profilometry and confocal imaging of 
fluorescently labeled materials.  Immersion of dried multi-layer-coated microneedles into neutral pH 
saline led to rapid release layer dissolution and delamination of intact multi-layer films in vitro. In vivo, 
confocal imaging revealed that a 5 min application of coated microneedles led to deposition of multi-layer 
films into the skin of mice, which was dependent on the presence of the underlying release-layer. This 
resulted in stable, extended transfection as assayed using whole animal bioluminescent imaging.  

Further, control over the duration of plasmid delivery and 
expression (or poly(I:C) release) was varied from weeks 
to months through the selection of relatively fast- or slow-
degrading complimentary poly-cationic polymers in LbL 
film deposition.  Alternatively, without a release-layer, no 
delivery or transfection was observed.  Finally, 
microneedle delivery of multi-layers encapsulating pSIV-
Gag, a plasmid expressing the HIV analog, SIV-derived 
p28 Gag protein, together with poly(I:C) as a vaccine 
adjuvant, induced 5-fold increased antigen-specific T-cell 
expansion and generation of serum IgG titers 5-fold in 
excess of that observed for traditional i.m. or i.d. 
immunizations; further, responses obtained with 
microneedle delivery were quantitatively similar to those 
observed for i.m. delivery with in vivo electroporation.  
Microneedle delivery also induced enhanced generation 
of long-lived memory T-cells.  Together these results 
demonstrate the potential for LbL multi-layer deposition 
and microneedle delivery to improve vaccine performance 
in the context of HIV immunization. 
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Research carried out in our laboratory has shown advantages of microneedle delivery of whole 
inactivated influenza vaccines in a mouse model. Mice immunized using microneedles typically show 
sustained high titers of functional antibodies and better protection against lethal influenza infection (1,2). 
Here we used guinea pigs, because their skin more closely resembles human skin (3). For the purpose of 
our studies we used the H1N1 A/California/07/09 which is a component of the current trivalent inactivated 
vaccine, taking this work a step closer to clinical studies.  

Guinea pigs were immunized intramuscularly (IM) or through skin using vaccine-coated metal 
microneedles. To coat metal microneedles the vaccine was first concentrated by freeze-drying and then 
reconstituted in a coating solution that contained trehalose, carboxymethylcellulose and Lutrol F-68NF 
surfactant. Vaccine injected intramuscularly was treated the same way to account for differences in 
antigen preservation, and diluted in PBS for injection.  

After a single immunization, the total influenza-specific IgG titers were consistently higher in sera from 
animals immunized with microneedles. The hemagglutination inhibition (HAI) titers were slightly lower in 
the microneedle group when compared to the IM group at 4 weeks post-immunization. While we 
observed a drop of HAI titers in the IM group from week 4 to 10 post-immunization, the HAI titers of the 
microneedle immunized group showed a steady increase during the same period.  At 10 weeks the sera 
from microneedle-vaccinated animals neutralized the homologous virus more efficiently then sera from 
the IM immunized group as was shown by a 4–fold dilution difference in microneutralization titers. 

In summary, the immune responses were superior in the MN-immunized guinea pigs. The increased HAI 
titer in the MN group at later time points correlated with increased virus microneutralization titers, 
indicating enhanced production of functional antibodies. Therefore, the advantages of microneedle 
immunization in skin with influenza vaccine previously demonstrated in the mouse model are now 
extended to guinea pigs, whose skin properties better resemble human skin. 
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Abstract 
Influenza infection represents a major socio-economic burden worldwide. Influenza vaccination 
strategies could benefit from new vaccine delivery methods that would made vaccination easier, 
more attractive and more importantly would utilize the existing commercially available influenza 
vaccines to confer protection equal or superior to the one induced by the conventional 
intramuscular delivery of the vaccine.  Novel immunization modalities may also be able to 
induce cross-protective responses against a broad spectrum of influenza A subtypes. A new 
attractive target for vaccine delivery is the skin. We and others have previously demonstrated 
improved immune responses after delivery of whole inactivated influenza virus, recombinant 
trimeric hemagglutinin, or virus-like particles expressing influenza proteins to the skin. In this 
study we demonstrate that skin immunization using metal microneedles coated with H1N1 
subunit influenza vaccine activates both humoral and cellular immune responses and confers 
improved long term protection in the mouse animal model when compared to the conventional 
intramuscular route of delivery. Microneedle immunized mice exhibit elevated levels of 
functional antibody titers in serum, higher numbers of influenza specific antibody secreting cells 
(ASC) in the bone marrow and higher numbers of IFN-γ secreting cells in the spleen when 
compare to intramuscularly immunized animals. Furthermore, microneedle vaccination induced 
robust levels of neutralizing antibodies capable of conferring improved protection against a 
broad spectrum of H1N1 influenza subtypes when compared to the intramuscular influenza 
immunization. These results demonstrate the promising potential of microneedles as a 
vaccination method for commercially available influenza vaccines that could benefit the 
immunization strategies and increase public vaccine coverage and reduce influenza related 
mortality worldwide. 
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DNA vaccination is a novel immunotherapy to protect against infectious diseases including 

influenza by delivering genetically engineered DNA into skin to induce an immunological 

response. However, DNA vaccines are often poorly immunogenic due to inefficient delivery. In 

this study, we hypothesize that DNA vaccination in the skin can increase immunogenicity by 

targeting delivery to skin’s resident antigen-presenting cells such as Langerhans’ and dermal 

dendritic cells. To reliably target delivery to skin, we prepared microneedle patches coated with 

an influenza DNA vaccine encoding hemagglutinin protein. Using a high viscosity formulation of 

highly concentrated DNA (>6-7mg/ml), DNA vaccine was successfully coated on microneedles 

without the aid of a coating enhancer. In a mouse model, we demonstrated that microneedle 

delivery of DNA vaccine induced strong humoral and cellular immune responses capable of 

conferring protection against influenza virus lethal challenge which was better than 

intramuscular immunization. In addition, microneedle vaccination enabled dose sparing 

compared to conventional intramuscular injection of the DNA vaccine. We conclude that a 

microneedle patch can enhance vaccine immunogenicity by targeted delivery to skin and may 

offer a novel vaccination method to increase patient coverage through possible self 

administration. 
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Influenza is a major cause of morbidity and mortality worldwide. In the United States, universal 

influenza vaccination is recommended, but only 42.3% of the United States population (≥ 6 

months) was vaccinated during the 2010-2011 flu season. To increase vaccination coverage and 

potentially provide better protection
1
, we are developing a dissolving microneedle patch for 

influenza vaccination and will assess its safety and immunogenicity in a Phase I clinical trial.  

The main aims of this project are to 1) engineer a microneedle patch for simple, rapid application 

and long-term stability, 2) identify the basis for improved immunogenicity and adopt strategies 

to enhance immunogenicity, 3) develop and validate manufacturing under current Good 

Manufacturing Practices (GMP), conduct pre-clinical studies, and obtain an Investigational New 

Drug application, 4) conduct a Phase I clinical trial, and 5) assess policy issues associated with 

self-administered influenza vaccine using a microneedle patch.   

 

At Georgia Tech, we are developing microneedle formulations, analytical methods and 

manufacturing processes. Microneedle formulations are being optimized for mechanical strength, 

dissolution in skin and stability of encapsulated vaccine. We have screened multiple polymer and 

disaccharide combinations that provide sufficient mechanical strength to penetrate porcine skin. 

The water soluble matrices have been shown to dissolve within minutes of insertion, ensuring the 

vaccine payload is delivered efficiently. Currently used methods for vaccine quantification have 

problems with excipient interference. Therefore, we are developing a new analytical method for 

more sensitive and accurate quantification of the small doses of influenza vaccine found in a 

microneedle patch. This surface plasmon resonance-based method will be used to study the 

stability of the encapsulated vaccine in the newly developed formulations and during the 

manufacturing process. Microneedle manufacturing systems are also being developed to translate 

current laboratory-based methods into an aseptic GMP manufacturing environment using 

methods that can be scaled to mass production. These methods include vacuum centrifugation 

and lyophilization, among others, and we are currently working on optimizing these processes to 

ensure robust manufacturing on a mass-scale. In conclusion, our laboratory is developing new 

formulations, analytical techniques and robust manufacturing methods, which will allow for the 

production of dissolving microneedle patches for influenza vaccination in a Phase I clinical trial. 
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Corneal transplantation is the most commonly performed tissue transplantation.  More than 40,000 surgeries are 
performed each year in USA. [1] Neovacuarlization in the cornea after corneal transplant introduces a significant 
increase in risk of graft rejection and occurs in close to 67% of cases. [2] For this reason, aggressive treatment of 
neovascularization is necessary after corneal transplant surgery in order to prevent rejection of the implanted cornea. 
This study examines the use of solid microneedles, coated with bevacizumab, to reduce corneal neovascularization in 
a minimally invasive way. Bevacizumab, also known as Avastin®, is an FDA-approved, anti-vascular endothelial 
growth factor (VEGF) drug used to suppress neovascularization 
 
Solid metal microneedles 400 µm in length were fabricated by laser microfabrication.  Bevacizumab was coated onto 
the microneedles using a rapidly dissolving formulation. A 7-gauge silk suture was placed approximately 1 mm from 
the limbus to induce corneal neovascularization in the eyes of New Zealand White rabbits.  The rabbits were then 
divided randomly into five groups: untreated (Group 1), microneedle delivery (Group 2), placebo microneedle delivery 
(Group 3), topical eye drop (Group 4), and subconjunctival injection (Group 5).  
 
All treatments were done four days after placement of the suture. For Group 2, a single bolus of approximately 1.1 µg 
of bevacizumab was given using four coated microneedles.  For Group 3, a single bolus of coating formulation was 
given using four placebo-coated microneedles. For Group 4, a topical eye drop of bevacizumab (25 mg/mL) was 
given three times per day for 14 consecutive days.  For Group 5, 100 µL of bevacizumab (25 mg/mL) was given as a 
subconjunctival injection. Digital photographs were obtained and the area of neovascularization was measured for 18 
days. 
 
Untreated eyes exhibited neovascularization that increased in area for up to 10 days followed by decrease in 
vascularization until it plateaued at an intermediate level. Eyes treated with 1.1 µg of bevacizumab using 
microneedles (Group 2) reduced neovascularization compared to the untreated eye (Group 1) by 68% (day 10) to 
41% (day 18). Eyes treated with placebo microneedles (Group 3) had little effect on neovascularization compared to 
the untreated eye (Group 1). Eyes treated with 2500 µg of bevacizumab using subconjunctival injection (Group 4) 
reduced neovascularization compared to the untreated eye (Group 1) by 63% (day 10) to 43% (day 18). Eyes treated 
with a total of 3750 µg of bevacizumab by eye drops three times per day for 14 days (Group 5) reduced 
neovascularization compared to the untreated eye (Group 1) by 44% (day 10) to 5.6% (day 18).  
 
This study shows that microneedles can deliver a protein therapeutic locally into the intrastromal space of the cornea 
in a minimally invasive way and demonstrates that this approach can be effective to suppress neovascularization after 
suture-induced injury using a three order-of-magnitude lower dose compared to other conventionally used methods.  
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Fig.1. Avastin Coated microneedle Fig. 2  Photograph of neovascularization 10 days after suture 
insertion in the untreated eye (A) and the microneedles 
treated eye (B). Only neovascularization areas under 
the dotted lines were used in calculation. 
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Introduction: Type 1 diabetes (T1D) is due to the autoimmune destruction of pancreatic β-cells, leading to absolute insulin 
deficiency.

 
The majority of patients newly diagnosed with T1D are children and adolescents. Treatment of T1D is limited by 

inadequate methods of insulin delivery that require painful injections and frequent glucose monitoring.
1
 Children in particular 

often omit insulin injections and glucose monitoring due to the pain and apprehension associated with needles.
2-3

 
Microneedles (MNs) may provide a better interface to deliver insulin, because they can be painlessly administered into the 
skin. Because of rapid insulin pharmacokinetics,

4-5
 MNs may also reduce the need for glucose monitoring by enabling 

automatic closed-loop insulin therapy. We conducted the first study of MN-based insulin delivery in children with T1D to 
examine pain and pharmacokinetics compared to a subcutaneous infusion catheter (SIC).  We found that delivery of Lispro 
insulin through a MN was less painful and had a more rapid onset and offset of insulin action as compared to a SIC. 

 
Materials and Methods: Hollow glass MNs were fabricated and utilized according to Gupta et al.

4
 Sixteen subjects (10-17 yr) 

diagnosed with T1D for ≥ 2-yr and had been using insulin pump therapy for ≥ 1 yr enrolled in the study. All subjects were in 
good glycemic control with an average hemoglobin A1C ≤ 8.5% for the previous year. Each subject received both delivery 
methods on separate days; the order of methods was randomized. Immediately prior to delivery of Lispro insulin a baseline 
blood sample was collected. Immediately after insulin delivery, a 75-gram carbohydrate meal was eaten, and blood was 
sampled 15, 30, 45, 60, 75, 90, 105, 120, 150, 180, 210, and 240 minutes later. Subjects rated the pain of insertion and 
infusion for each delivery method using a visual analog pain scale (VAS). We compared pain upon insertion (VASI), pain with 
delivery (VASD), time to peak insulin concentration (tmax), peak insulin concentration (Cmax), area-under-the-insulin curve 
(AUIC), and area-under-the-glucose curve (AUGC) with paired statistical analyses. A compartment model with first-order 
absorption and elimination was fit to the insulin data using nonlinear regression in SAS.  
 
Results and Discussion: Three subjects were excluded because of incomplete delivery with the MN and one was excluded 
due to confounding insulin delivery before the experiment. MN insertion resulted in significantly less VASI compared to SIC 
insertion (Fig. 2, p = 0.01).  No significant difference was observed in VASD (p = 0.09).  Results from the compartment model 
showed a 3.7x increase in absorption coefficient for MN delivery (p = 0.0002), but no significant difference in bioavailability (p 
= 0.21), elimination coefficient (p = 0.11), or peak insulin concentration (p = 0.57).  As a result of the increased absorption, tmax 
was significantly reduced by over 40% (Fig. 3, p = 0.0004).   
 

  

                          
 
Conclusions:  MN insertion was less painful - a promising result for improving the compliance of insulin delivery in children.  
The more rapid onset of insulin action after delivery through the MN may enable automatic closed-loop insulin therapy and is 
probably due to enhanced vascularization in the skin.  
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Fig. 3 tmax vs. delivery method 
 

Fig. 1 9 mm SIC catheter and 1 mm Hollow MN 
 

Fig. 2 VASI vs. delivery method 
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We present data on in vivo and ex vivo intradermal infusion experiments obtained with an intradermal 
infusion set (Fig. 1) and injection moulded plastic microneedle arrays (Fig. 2). This data is necessary for 
the design of small skin attached drug delivery devices with micro actuators. 
 
With the intradermal infusion set liquids with low viscosity (1 mPas) and high viscosity (55 mPas) were 
infused and injected. Flow rates in the experiments ranged from 0.1 ml/h to 180 ml/h. The measured 
back pressure ranged from 11 kPa ± 7 kPa (n=27) to 717 kPa ± 76 kPa (n=5). A good correlation 
between ex vivo [1] and in vivo data is demonstrated (for aqueous liquid with viscosity of 1 mPas). 
Infusions and injections are leak tight. Handling of the intradermal infusion set is easy. 
 
Plastic microneedle arrays with 4 hollow microneedles were used in ex vivo intradermal infusion 
experiments. An impact insertion method was necessary to pierce the skin with the microneedle array. 
For leak tight infusion it was necessary to press the microneedle array against the skin surface with a 
force of >5 N. Typically the infused liquid penetrated the skin through 1 of the 4 microneedles. The back 
pressure during intradermal infusions is 188 kPa ± 82 kPa (n=4) at a flow rate of 0.2 ml/h. It depends 
strongly on the pressure used to press the microneedles against the skin. The back pressure during 
injection experiments is >1 MPa. 
 
Back pressures during intradermal infusions with the intradermal infusion set are below 100 kPa at flow 
rates below 2 ml/h. This is a parameter range suitable for miniaturised actuators [2]. Hence, the 
intradermal infusion set is suitable for the integration in small skin attachable devices. The plastic 
microneedle array is adequate for injection applications realised with hand held devices. 
 

 

Fig. 1. Intradermal infusion set. By simply 
pushing a slider, a thin (G31) cannula is 
inserted into to the skin at an angle of 
10°. The cannula tip is at a depth of 0.7 
mm below the skin surface. 

Fig. 2. Injection moulded plastic microneedle 
array assembled with shell and tubing. 
The 4 hollow microneedles are placed on 
frustums. The length of a microneedle is 
0.62 mm and its diameter is 0.32 mm. 
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One of the proposed advantages of a microneedle delivery system is the potential for self-administration. 
However, translation of microneedle technology from a laboratory prototype to a clinically useful product 
will require careful design to ensure that patients can use the delivery system safely, effectively and 
reproducibly. Although previous research indicates that the patients’ perspective of a microneedle-based 
drug delivery system is favourable(1), little is known about the forces that patients would intuitively use to 
apply a microneedle device. Results presented in this paper indicate that the intuitive self-application 
forces used by patients (N=50) to apply a microneedle device, incorporated within a patch formulation, 
are highly variable (22±12.76N; mean±standard deviation). Data from laboratory studies suggest that this 
variability will translate to significant differences in the efficiency of microneedle penetration. 
 
The aims of this study were to (a) determine the range of forces that would be intuitively used by the 
public to apply a microneedle device and (b) investigate penetration of a microneedle device at a range 
of application forces, including those determined in (a). Investigations were therefore conducted in two 
distinct but related stages, termed Stage A and Stage B.  
 
Stage A: Following ethical approval, 50 adults (aged 18-74) were recruited. Written informed consent was 
obtained, a written information sheet was provided and the aims of the study were communicated to each 
participant. The participant was asked to position a ‘dummy’ microneedle patch (containing no 
microprojections), at two different anatomical locations (forearm and deltoid), on both themself (to 
evaluate self-administration) and the researcher (to evaluate administration to another person). A 
portable digital force gauge was subsequently used to measure the intuitive forces used by a patient to 
facilitate microneedle penetration at each of the treatment sites. 
Stage B: A steel microneedle array was mounted on a bespoke Zwicki material testing machine, which 
was used to control the force of microneedle insertion into excised human skin. A range of forces was 
evaluated (5-70N), based on those results achieved in stage A. The skin was subsequently stained with 
methylene blue to determine the percentage of microneedles that breached the skin barrier. Tests were 
repeated (N=4) using three donor tissues (aged 54-68). 
 
Stage A: Intuitive self-administration forces were highly variable (22±12.76N; mean±sd) between 
participants, with forces ranging from 1.4–62N. The self-administration forces used by the study 
population were comparable between the studied application sites (deltoid 22.34±13.85N; forearm 
21.21±12.38), however there was a notable difference between the forces used by the participants to 
apply the microneedle patch to self (22±12.76N) and to the researcher (14.78±10.38N). 
Stage B: Laboratory investigations, using excised human skin, suggest that the forces used by 
participants in stage A of this study would have resulted in variable levels of microneedle penetration. 
Collated results from microneedle applications, performed on all four skin sites, suggest that lower 
application forces result in less efficient microneedle penetration i.e. only 54% of the applied 
microneedles penetrated at 5N whereas 95% penetrated at 30N. The penetration efficiency of an 
individual microneedle array i.e. the percentage of needles on a single array that penetrated the skin 
upon application to one of the four skin sites, was also more variable at lower forces. For example, 
following a 5N application, 17-92% of microneedles penetrated the skin whereas at 30N, 75-100% 
penetrated. 
 
The intuitive forces that would be used by the public to administer a microneedle patch are highly 
variable. This would have a significant impact on both the efficiency and reproducibility of microneedle 
penetration in the clinical setting. Future work needs to consider appropriate design of microneedle 
devices, the role of applicator systems and the instructions supplied to the patient to ensure that 
microneedle penetration is efficient and reproducible upon multiple applications between different users. 
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Microneedles (MN) offer a minimally-invasive approach to Therapeutic Drug Monitoring (TDM) since they 
remove the need for blood sample collection and instead utilise interstitial fluid.  This blood-free, pain-free 
approach to sampling may be particularly useful in the paediatric population, who can often fear 
conventional needles1.  This study, therefore, investigated the opinions of children on MN and their use 
as an alternative to blood sampling. 
 
To date there has been no research into the opinions of children on MN or MN-mediated monitoring.   
 
Method 
 

 Recruitment: 
After ethical approval, schools (primary and post-primary) willing to be involved were identified 
and  children, of both genders, aged 10-14 years old, were recruited to participate in the research  

 

 Focus group Methodology: 
The opportunity for group interaction can permit the generation of more ideas and opinions than 
one-to-one questioning 2.  A short presentation preceded discussions to introduce the concept. 

 
 Analysis: 

Content analysis of transcripts using QSR Nvivo® 9 
 
Results 

Table 1.  Participant Demographic information 
 

Number of Focus Groups 13 

Gender 10 Mixed, 3 Single-sex (female) 
Number of Children 86 
Medical Conditions 22 (25.6%) 
Regular Prescribed medications 17 (19.8%) 

 

All groups mentioned a preference for an alternative to blood sampling and MN-mediated monitoring 
seemed more acceptable to the children sampled.  Common themes identified during discussion are 
highlighted in Fig. 1.   
 
 

 
 

 
 

 
 

 
 

 

 
 
 

                         
 

Conclusion 
While this research captures the views of only a small cross-section of children, it provides an invaluable 
insight for the first time the views of possible important end-users of MNs.   
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Fig.1   Dominant Themes and subthemes identified 
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