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Abstract— Drug delivery, i.e. the way a pharmacologi-
cally active substance is delivered to the body, has a signifi-
cant impact on the therapeutic value of medication. The 
paper gives an overview on different drug delivery schemes 
and describes the limitations of the oral route, which is the 
current gold standard in the market. Following these limita-
tions, plenty of alternative (parenteral) drug delivery tech-
nologies are currently under development. Many of them 
require the precise handling of small liquid volumes using 
small sized and low energy consuming devices. So microflu-
idics is a key enabling technology for these upcoming drug 
delivery devices.  

Ease of use and autonomous operation are the most im-
portant aspects for high acceptance and compliance of the 
patients. So for short term therapy (e.g. antibiotics), the 
devices should be small and portable. For long term therapy 
(e.g. cardiac), implantable devices are favorable since they 
can operate autonomously and deliver precise doses exactly 
to the target site (local therapy). The paper describes two 
examples for microfluidic drug delivery devices in more 
detail, namely the intra-oral transmucosal IntelliDrug system 
and the transdermal ChronopaDD device.  
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I. INTRODUCTION 

Due to the demographic change and the therewith re-
lated prevalence of chronic diseases, the health care mar-
ket is facing increasing cost pressure within the upcoming 
years. Nevertheless, people demand high standard treat-
ment to maintain or improve their health condition. Fac-
ing this situation and looking from a technology perspec-
tive, drug delivery is one of the most obvious and close to 
market domains where innovative products can make an 
important difference. 

Looking at the drug delivery market in more detail, 
three main drivers for innovation can be identified: 

 

1. New types of drugs: future biopharmaceutical drugs 
cannot be delivered via the oral route (first pass me-
tabolism). Consequently, parenteral delivery routes 
will be increasingly addressed in the future. 

 
 

2. New types of therapy: adopting the drug dosage to 
the patient (personalized medicine) and time of the 
day (chronotherapy) is required for the upcoming 
more sophisticated medication scenarios. 

3. Patent expiration: many patents of current block 
buster drugs will expire within the upcoming years, 
leading to increased competition from generic manu-
facturers. One possible strategy for pharmaceutical 
companies is to add a new drug delivery technology 
to their existing drug. 

 
Based on these considerations, we discuss the chances 

of different drug delivery technologies and pathways to 
meet these challenges with a clear focus on microfluidic 
approaches. 

II. STATE OF THE ART IN DRUG DELIVERY 

An ideal drug delivery technology enables the opti-
mum medication of every patient. Therefore, the plasma 
level, i.e.  
concentration of drug in the circulatory system, hast to be 
permanently maintained within the therapeutic window 
(see 0). 

The therapeutic window can alter from patient to pa-
tient (personalized therapy) and over the course of the 
day (chronotherapy). Many state of the art delivery sys-
tems are not able to maintain this optimum delivery 
scheme. Consequently, the different drug delivery tech-
nologies can first be classified regarding their flexibility 
in transient delivery schemes as described within the 
following section. 

 

 
Fig. 1. Course of plasma level for an optimum drug delivery. 
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Fig. 2.  Classification of different drug delivery schemes regarding delivery profiles.  

 

A. Classification of Drug Delivery Devices  

Different drug delivery schemes are depicted in 0. They 
range from basic singular release, over continuous delivery, 
to more complex and time controlled delivery of predefined 
amounts. The ultimate closed-loop approach (right), where 
the drug release is directly triggered by a biosensor measur-
ing relevant physiological parameters (e.g. glucose level in 
diabetes care) could not be realized so far due to missing 
long-term stable in vivo biosensors. Thus, the controlled 
delivery at variable rates is the most complex delivery 
scheme today. 

Based on these considerations, we can categorize the ca-
pabilities of the different pathways to deliver the drug to the 
body (see 0). Basically, the drug can either be administered 
directly (injectable, implantable) or indirectly (oral, inhal-
able, transmucosal, transdermal). The different pathways are 
assessed concerning their potential to meet the future chal-
lenges in drug delivery: 

 
• Delivery scheme: complex profiles possible? 
• Bioavailability: efficiency of absorption to body 
• Macromolecules: suitable for biopharmaceuticals? 
• Autonomous operation possible? 

 
 

 

 

Fig. 3. Different pathways for drug delivery. 
 

 
 

B. Oral Drug Delivery – Limitations of the Gold Standard 

The oral route (taking pills) is the gold standard in drug 
delivery with a market share of approximately 40 % [1]. It 
is based on the absorption of the active agent within the 
stomach, the small intestine or the colon. However, the 
transit time through the gastrointestinal tract depends on 
multiple factors, like activity or food consumption, and 
therefore it is hardly reproducible even in a single individ-
ual, and thus the bioavailability is quite low. Due to the first 

pass metabolism, also future macromolecular biopharma-
ceuticals can hardly be administered via this route. So-
called “intelligent pills” could be a possible solution to 
overcome this drawback [2, 3]. However, they are techni-
cally complex and thus seem to be applicable in high-price 
niche applications only. 

Consequently, alternative approaches to the oral route are 
required to meet the future challenges described before. 
These novel devices should be small and low energy con-
suming for portable use on the one hand, and allow the 
precise and controllable dosage of small amounts of liquids 
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on the other hand. Both challenges can be met by microflu-
idics as described by some examples within the following 
section. 

III. MICROFLUIDIC DRUG DELIVERY APPROACHES 

Several microfluidic drug delivery devices have already 
been proposed within the last years. Straight forward ap-
proaches are based on the integration of micropumps [4, 5] 
or other means of liquid propulsion (like osmosis [6] or 
electrolysis [7]) into delivery systems. For further minia-
turization, also new materials like hydrogels for direct stim-
uli response [8-11] or electroactive polymers (“micro mus-
cles”) [12-15] are intensively investigated. Another very 
promising and already commercialized [16] technology is 
the release of drug from microcavities by thermal disruption 
[17-20] or resorption [21] of a thin membrane.  

A comprehensive overview of microfluidic and MEMS-
based drug delivery devices can be found in recent review 
papers [22-27]. In the following, two concrete examples of 
microfluidic drug delivery devices are presented, that are 
currently under development at HSG-IMIT. Namely, the 
miniaturized intra-oral transmucosal delivery device Intel-
liDrug and the transdermal delivery device ChronopaDD. 

A. IntelliDrug: Intra-Oral Transmucosal Delivery Device  

The different mucous membranes (buccal, anal, nasal, 
and vaginal) are promising interfaces to deliver drugs to  
the vascular system. They are available anytime for drug 
delivery and therefore allow automated drug delivery in 
principle. Especially the buccal mucosa features additional 
advantages as the easy accessibility of the quasi-implant for 
refilling, and the available high absorptive surface area. 

To take advantage of these opportunities, a highly minia-
turized and self-contained delivery device for the oral cavity 
has been developed by a multinational EU-consortium 
(FP6-IST project “IntelliDrug” FP6-IST-002243). The Intel-
liDrug device is an integrated, controlled drug delivery 
system to be implanted into the human denture and delivers 
the drug through the buccal mucosa. The challenges for 
such a system are the minimal space requirements (volume 
of few mm3) and the harsh environment in the oral cavity 
regarding chemical stability and mechanical loads up to 250 
N. The main target application is the treatment of chronic 
diseases. 

 
Fig. 4. Intra-oral transmucosal drug delivery device (IntelliDrug).  

 
Due to the limited space, the IntelliDrug system is de-

signed to deliver a maximum amount of drug solution with 
a minimum amount of energy. Thus, the system concept 
comprises an osmotic pump [28] for liquid propulsion (i.e. 
no energy consumption) and a normally closed 2/2 mi-
crovalve. Additionally, a flow and filling level sensor are 
integrated to monitor the delivered amounts. 0 shows the 
final prototype of the system developed in the IntelliDrug 
project (integrated in a partial denture on the right). 

B. ChronopaDD: Transdermal Device for Chronotherapy 

Another promising pathway for drug delivery is the hu-
man skin. It allows the administration from an extracorpo-
real device without using intravenous pathways. Based on 
mechanical penetration of the stratum corneum by micro 
needles, a universal pathway for drugs into the vascular 
system can be established. This pathway offers possibilities 
for self administrated drug delivery and opens up a large 
range of applications, e.g. pain therapy, hypertension treat-
ment, rheumatism.  

Currently we develop the ChronopaDD called transder-
mal drug delivery device where all components, like the 
pump, drug reservoir and interface are located within a 
patch like system. Using this device, a well defined volume 
of liquid drug will be delivered at a pre-defined time to the 
vascular system. For example a patch for hypertension or 
rheumatism treatment can be attached in the evening and 
delivers the drug at two o’clock in the morning, where the 
therapeutic effect is best. A drug containing bag and a one-
time actuator are integrated in a disposable plastic housing 
(0, top). The drug is delivered through the stratum corneum 
by polymer micro needles (0, bottom). 
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Fig. 5. Transdermal delivery device (ChronopaDD)  

IV. CONCLUSION 

Due to the current drivers in the drug delivery market 
(new types of drugs & therapies, patent expiration), we 
think that future drug delivery devices will be more sophis-
ticated in terms of delivery schemes and medication scenar-
ios. Thus, microfluidics certainly is one of the enabling 
technologies for these new technologies, since it meets the 
challenges in size, energy and precision. 

Based on these considerations, we assessed the different 
possible pathways for drug delivery and presented two new 
microfluidic approaches, namely the IntelliDrug device for 
oral transmucosal, and the ChronopaDD device for trans-
dermal delivery. Both approaches enable automated and 
thus patient independent operation which is important for 
e.g. elderly patients who often forget to take their medica-
tion. Additionally, both allow complex transient delivery 
schemes. 

Overall, we see two possible directions in “microfluidics 
for drug delivery”. Firstly, adding additional functionality 
and precision to conventional extracorporeal drug delivery 
devices for short term therapy; and secondly, innovative and 
highly miniaturized systems for implantable scenarios in 
long term therapy. 

ACKNOWLEDGMENT 

Parts of this work have been supported under the Sixth 
Framework Program, project IntelliDrug, (contract: FP6-
IST-002243, see www.intellidrug.org). We also like to 

thank the Landesstiftung Baden-Württemberg gGmbH for 
funding the development of the transdermal device. 

 
REFERENCES 

 
1.  Market Study (2008) Drug Delivery Technologies - Current Market Dynamics, 

Future Market Opportunities and Lifecycle Strategies. Arrowhead Publishers. 
2.  Deo S, et al. (2003) Responsive drug delivery systems. Analytical Chemistry 

75:207A-213A. 
3.  Philips (2009), intelligent pill technology (iPill), www.research.philips.com. 
4.  Nisar A, et al. (2008) MEMS-based micropumps in drug delivery and biomedical 

applications. Sensors and Actuators B-Chemical 130:917-942. 
5.  Geipel A, et al. (2007) A novel two-stage backpressure-independent micropump: 

modeling and characterization. Journal of Micromechanics and Microengineering 
17:949-959. 

6.  Wright JC, et al. (2001) An in vivo/in vitro comparison with a leuprolide osmotic 
implant for the treatment of prostate cancer. Journal of Controlled Release 75:1-
10. 

7.  Su YC, et al. (2004) A water-powered micro drug delivery system. Journal of 
Microelectromechanical Systems 13:75-82. 

8.  Ehrick JD, et al. (2005) Genetically engineered protein in hydrogels tailors 
stimuli-responsive characteristics. Nature Materials 4:298-302. 

9.  Guiseppi-Elie A, et al. (2002) A chemically synthesized artificial pancreas: 
Release of insulin from glucose-responsive hydrogels. Advanced Materials 
14:743-+. 

10.  Obaidat AA, et al. (1997) Characterization of protein release through glucose-
sensitive hydrogel membranes. Biomaterials 18:801-806. 

11.  Hoffman AS (2002) Hydrogels for biomedical applications. Advanced Drug 
Delivery Reviews 54:3-12. 

12.  Low LM, et al. (2000) Microactuators toward microvalves for responsive con-
trolled drug delivery. Sensors and Actuators B-Chemical 67:149-160. 

13.  Miller LL (1988) Electrochemically Controlled Release of Drug Ions from 
Conducting Polymers. Molecular Crystals and Liquid Crystals 160:297-301. 

14.  Xu H, et al. (2006) Polymer actuator valves toward controlled drug delivery 
application. Biosensors & Bioelectronics 21:2094-2099. 

15.  Smela E (1999) Microfabrication of PPy microactuators and other conjugated 
polymer devices. Journal of Micromechanics and Microengineering 9:1-18. 

16.  microCHIPS Inc. (2009), www.mchips.com. 
17.  Santini JT, Jr., et al. (1999) A controlled-release microchip. Nature 397:335-338. 
18.  Santini JT, et al. (2000) Microchips as controlled drug-delivery devices. Ange-

wandte Chemie-International Edition 39:2397-2407. 
19.  Li YW, et al. (2004) In vivo release from a drug delivery MEMS device. Journal 

of Controlled Release 100:211-219. 
20.  Prescott JH, et al. (2006) Chronic, programmed polypeptide delivery from an 

implanted, multireservoir microchip device. Nature Biotechnology 24:437-438. 
21.  Grayson ACR, et al. (2003) Multi-pulse drug delivery from a resorbable poly-

meric microchip device. Nature Materials 2:767-772. 
22.  Langer R (2003) Where a pill won't reach. Sci Am 288:50-57. 
23.  Martin FJ, et al. (2001) Microfabricated drug delivery systems: concepts to 

improve clinical benefit. Biomed Microdevices 3:97-108. 
24.  Razzacki SZ, et al. (2004) Integrated microsystems for controlled drug delivery. 

Advanced Drug Delivery Reviews 56:185-198. 
25.  Staples M, et al. (2006) Application of micro- and nano-electromechanical 

devices to drug delivery. Pharmaceutical Research 23:847-863. 
26.  Lavan DA, et al. (2003) Small-scale systems for in vivo drug delivery. Nature 

Biotechnology 21:1184-1191. 
27.  Nuxoll EE, et al. (2009) BioMEMS Devices for Drug Delivery Improved Ther-

apy by Design. Ieee Engineering in Medicine and Biology Magazine 28:31-39. 
28.  Theeuwes F, et al. (1976) Principles of Design and Operation of Generic Osmotic 

Pumps for Delivery of Semisolid Or Liquid Drug Formulations. Annals of Bio-
medical Engineering 4:343-353. 

 

Author: Stefan Haeberle 
Institute: HSG-IMIT 
Street: Wilhelm-Schickard-Str. 10 
City: D-78052 Villingen-Schwenningen 
Country: Germany 
Email: stefan.haeberle@hsg-imit.de 

 

 
 

362                                                                                                                                                                                              S. Haeberle et al. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




