g ANES
) ‘rr‘-‘ \ %
)0

Drug Designing: open Access

Lopes and Soares, Drug Des 2015, 4:3
http://dx.doi.org/10.4172/2169-0138.1000e129

Transdermal Drug Delivery Systems Activated by Physical stimuli:

Techniques and Applications

Carla M Lopes* and Catia Soares

Fernando Pessoa Energy, Environment and Health Research Unit, Faculty of Health Sciences, Fernando Pessoa University, Rua Carlos da Maia, Porto, Portugal

Introduction

The delivery of drugs into and through the skin remains a challenge
for pharmaceutical technologists. To overcome some drawbacks related
to the administration of conventional pharmaceutical dosage forms,
including the barrier of the stratum corneum, the transdermal delivery
systems was emerged. Since the approval of the first scopolamine
transdermal patch, indicated for the motion sickness, in 1979 by the
U.S. Food and Drug Administration, the use of topical therapy has been
successfully developed, not only for local effect (i.e. local delivery) but
also for bloodstream access (i.e., transdermal delivery) [1]. Due to its
large surface area and easy accessibility, the skin is used as a promising
route for drug administration.

The present editorial gives an overview of the most significant
transdermal delivery systems activated by physical stimuli, particularly
its techniques, and elucidates about their relevant pharmaceutical
applications. In these systems, the drug release can be activated and
then modulated by different physical stimuli. However, such systems
exhibit many pros and cons, therefore some combinations of techniques
are being studied.

Iontophoresis

Iontophoresis is a noninvasive technique based on the application
of a continuous low-intensity electric current, usually less than 1 mA, in
order to facilitate the permeation of drugs through electrically charged
biological membranes. A small potential difference (0.5 mA/cm? or
less) is generated [2-4].

The iontophoresis process results in the repulsion of a charged drug
loaded in a chamber with the same charge, while the chamber with
opposite charge repels the drug through the skin, in the presence of
an electric field. Electroosmosis and electromigration are the dominant
forces involved in iontophoresis [5]. With the application of electric
current, the drug is repelled through the skin and migrates to the place
with the electrode of opposite charge, which may be located anywhere
on the skin.

The iontophoresis technique can provide a systemic effect that is
considered an interesting alternative to parenteral route. It also provides
a local effect that can use in disease therapy of the most superficial
tissues such as epidermis (e.g., Herpes simplex infections and psoriasis).
Additionally, it is possible to remove substances with the application of
the called reverse iontophoresis technique.

The reverse iontophoresis can be applied in the automatic glucose
control of diabetic patients due to the possibility of glucose extraction
to the skin surface. This technique may be used as supplement of the
usual finger sting. The GlucoWatch’, approved in 2001 by the FDA,
is an example of a device that uses this technique [6]. In the reverse
iontophoresis, glucose molecules in the plasma migrate to the skin
surface and contact with the biosensor device. The glucose oxidase
converts the glucose in gluconic acid. Glucose oxidase (reduced), in the
presence of oxygen, forms hydrogen peroxide. The biosensor captures
the hydrogen peroxide creating an electrical signal which is liable to be

quantified. Currently, this device is no longer produced due to its lack
of efficiency.

Other example is the release of lidocaine by iontophoresis method
for induction rapidly the anesthesia [7,8]. The company Vyteris™,
focused on the advantages of iontophoresis, developed a transdermal
delivery system activated by iontophoresis, which is composed of
an adhesive preloaded with two reservoirs (one with lidocaine and
the other with a saline solution). The Vyteris smart patch system is
associated with a battery and a microcomputer preprogrammed to
control the electrical load. According to Vyteris, the smart patch allows
precise dosing, giving physicians and patients the possibility to control
the rate, dosage, and pattern of drug delivery, resulting in considerable
therapeutic, economical, and lifestyle advantages over existing methods.
This system is able to produce a systemic or local effect, depending on
the dose and the energy applied [9].

Other application is the IontoPatch” in Europe since 2002. This
disposable patch, with an embedded battery, does notrequirea controller,
unlike the transdermal delivery system developed by Vyteris™. It is
available in various sizes, suitable for the area and period of treatment
(also varying the intensity of the energy applied). The IontoPatch’ is
mostly used by physiotherapists, occupational therapists and sports
medicine professionals for the treatment of various pathophysiological
conditions. The patient or technician is responsible for placing the drug
and saline solution in the indicated compartments [10].

Sonophoresis

According to Maioneetal. [11], sonophoresis, also called ultrasound,
is a technique that greatly increases the passage of molecules across
biological membranes, such as skin, by the application of ultrasound.
This technique enables the administration of low molecular weight
molecules or macromolecules [12]. The frequencies applied are usually
between 20-100 KHz (low frequency sonophoresis) and the order of 0.7
to 16 MHz (high frequency sonophoresis) [13].

The sonophoresis mechanism is not clearly understood, given
the complexity of the phenomena that may occur in the skin upon
ultrasound exposure. Naik et al. [14] suggested that in sonophoresis
occur micro-vibrations of the epidermis caused by the application of
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ultrasonic waves, increasing the kinetic energy of molecules in the
skin. Dermal exposure to ultrasound may include phenomena such as
cavitation, thermal effects, convective transport and mechanical effects.

Sonophoresis has several applications in the pharmaceutical area,
namely [15-18]: (i) administration of hormones, (ii) recovery damage
caused by sport and treatment of tendinitis, ligament repair, fractured
bones and muscle spasms, (iii) wound healing, (iv) nerve stimulation
and (v) increasing skin elasticity.

The SonoPrep’, approved in 2004 by FDA, employ sonophoresis
technique. SonoPrep” is reusable and portable equipment that
induces temporary disruption of the stratum corneum structure. This
equipment uses ultrasonic low frequency (compared to diagnosis
imaging equipment) by an average time of 15 seconds, allowing 100-
fold increase skin permeability.

SonoPrep” emits ultrasound energy in the range of about 53-56
KHz on an ultrasonic coupling medium. The mechanical vibrations
through coupling medium result in cavitation that causes disorders of
the lipid bilayer of the stratum corneum [19,20]. The skin permeability
is reversible in 24 h after the application the stimulus. The ultrasound is
turned off when the skin reaches a predetermined level of permeability,
which is measured by skin conductance; since the circuit is closed
(the patient has the receiver electrode). Kim et al. [21] determined the
effect of anesthesia induction by the SonoPrep” device compared to the
cream EMLA’, for subsequent intravenous puncture (IV) in children
between 5 and 10 years. Despite the limitation of this study, such as
the influences from prior experiences of punctures IV of the children,
the small number of participants and the time of application of EMLA’
slightly higher in the study group than in the control group, the authors
concluded that the use of SonoPrep” device significantly reduced the
pain of puncture IV. Moreover, the time between the application and
the therapeutic effect of anesthetic cream is lower using SonoPrep’,
which is clearly usefull in emergency medical departments.

Other equipments from the company Transdermal Specialties Inc.:
U-Strip ™ and U-Wand ™ were developed and tested in clinical trials
[22].

Electroporation

The electroporation technique refers to the application of an electric
current of high voltage (50-1500 V) on the skin for a short period of
time, usually in the order of 100 pus to 100 ms. This enforcement results
in the disruption of the lipid bilayer structure of biological membranes,
increasing the skin permeability [13]. The electroporation process
allows the transport of charged molecules. The mechanisms involved
in the permeation of drugs by transdermal route using electroporation
are: (i) electrophoretic movement, (ii) passive diffusion and (iii)
electroosmosis.

The electroporation promotes the passive diffusion of molecules,
which assumes greater importance after the application of electrical
pulses, and is more relevant in prolonged permeabilization. This
permeabilization may last hours after application of the energy pulse,
according to in vitro studies [23]. This phenomenon is explained
by the addition of drug after the application of the energy pulse. In
electrophoresis technique, during the application of high-voltage
pulses, there is a small contribution of electroosmosis, unlike to what
occurs in the iontophoresis. [24].

The SynCon'’ vaccines are an example of electroporation technique,
which are used for the treatment and/or prevention of cervical

dysplasia associated with human papillomavirus type 16 and 18,
human immunodeficiency virus and leukemia (in clinical trials),
prostate cancer, lung cancer, breast cancer, hepatitis B, hepatitis C and
malaria (pre-clinical trials). This technology combines electroporation
and vaccination to overtake some limitations associated with current
vaccines, in particular, development time, high costs and relative inability
of reaction to the rapid change of chains of some microorganisms [25].

Electroporation induces the formation of pores in the cell
membrane that allows penetration of synthetic DNA present in the
DNA vaccines previously injected into the muscle or skin [25]. The cell
uses the introduced DNA to produce one or more proteins (antigens)
that mimic the presence of the pathogen in the body. Thus, an immune
response is induced in order to provide further protection to the patient
or eliminate the cells infected with the infectious disease or even cancer.

In conclusion, there are some limitations related to the
implementation of standardized procedures and the in vivo success of
these techniques. Therefore, the potential of these systems is impressive,
and, therefore, their development and the development of preclinical
and clinical studies will ensure its importance in the coming years.

References

1. SubediRK. Oh SY, Chun MK.Choi H. K. (2010). Recent advances in transdermal
drug delivery. Archives of Pharmacal Research 33: 339-351.

2. Gratieri T, Gelfuso GM, Lopez RFV (2008). Principios basicos e aplicagéo da
iontoforese na penetragao cutanea de farmacos. Quimica Nova 31: 1490-1498.

3. Nicoli S, Ferraris G, Quarta M, Macaluso C, Santi P (2009). In vitro transcleral
iontophoresis of high molecular weight neutral compounds. European Journal
of Pharmaceutical Science 36: 486-492

4. Trommer H, Neubert RH (2006) Overcoming the stratum corneum: the
modulation of skin penetration. A review. Skin Pharmacol Physiol 19: 106-121.

5. Dhote V, Bhatnagar P, Mishra PK, Mahajan SC, Mishra DK (2012).
lontophoresis: a potential emergence of a transdermal drug delivery system.
Scientia Pharmaceutica 80: 1-28.

6. Newman JD, Turner AP (2005) Home blood glucose biosensors: a commercial
perspective. Biosens Bioelectron 20: 2435-2453.

7. .Calhoun DA, Murthy SN, Bryant BG, Luedtke SA, Bhatt-Mehta V (2006) Recent
advances in neonatal pharmacotherapy. Ann Pharmacother 40: 710-719.

8. Tipre DN, Vavia PR (2002) Formulation optimization and stability study of
transdermal therapeutic system of nicorandil. Pharm Dev Technol 7: 325-332.

9. VyterisTM. (2015). Available on. [Accessed on 22/09/2015].
10. lontoPatch®. (2015). Available on. [Accessed on 22/09/2015].

11. Maione E, Shung KK, Meyer RJ, Hughes JW, Newnham RE, Smith NB
(2002) Transducer design for a portable ultrasound enhanced transdermal
drug-delivery system. IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control 49: 1430-1436.

12. Nanda S, Saroha K, Sharma B (2011) Sonophoresis: an eminent advancement
for transdermal drug delivery system. International Journal of Pharmacy and
Technology 3: 1285-1307.

13. Alexander A, Dwivedi S, Ajazuddin, Giri TK, Saraf S, et al. (2012) Approaches
for breaking the barriers of drug permeation through transdermal drug delivery.
J Control Release 164: 26-40.

14. Naik A, Kalia YN, Guy RH (2000) Transdermal drug delivery: overcoming the
skin’s barrier function. Pharm Sci Technolo Today 3: 318-326.

15. Haar GT (2007) Therapeutic applications of ultrasound. Progress in Biophysics
and Biophys Mol Biol 93: 111-129.

16. Pahade A, Jadhav VM, Kadam VJ (2010) Sonophoresis: an overview.
International Journal of Pharmaceutical Sciences Review and Research 3: 24-
32.

17. Paliwal S, Mitragotri S (2008) Therapeutic opportunities in biological responses
of ultrasound. Ultrasonics 48: 271-278.

Drug Des
ISSN: 2169-0138 DDO, an open access journal

Volume 4 - Issue 3 » 1000e129


http://dx.doi.org/10.4172/2169-0138.1000e129
http://link.springer.com/article/10.1007/s12272-010-0301-7
http://link.springer.com/article/10.1007/s12272-010-0301-7
http://www.scielo.br/pdf/qn/v31n6/a40v31n6.pdf
http://www.scielo.br/pdf/qn/v31n6/a40v31n6.pdf
http://www.sciencedirect.com/science/article/pii/S0928098708004831
http://www.sciencedirect.com/science/article/pii/S0928098708004831
http://www.sciencedirect.com/science/article/pii/S0928098708004831
http://www.ncbi.nlm.nih.gov/pubmed/16685150
http://www.ncbi.nlm.nih.gov/pubmed/16685150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3293348/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3293348/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3293348/
http://www.ncbi.nlm.nih.gov/pubmed/15854818
http://www.ncbi.nlm.nih.gov/pubmed/15854818
http://www.ncbi.nlm.nih.gov/pubmed/16569801
http://www.ncbi.nlm.nih.gov/pubmed/16569801
http://www.ncbi.nlm.nih.gov/pubmed/12229264
http://www.ncbi.nlm.nih.gov/pubmed/12229264
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1041084&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1041084
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1041084&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1041084
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1041084&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1041084
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1041084&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1041084
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=1041084&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D1041084
http://www.ijptonline.com/wp-content/uploads/2009/10/1285-1307.pdf
http://www.ijptonline.com/wp-content/uploads/2009/10/1285-1307.pdf
http://www.ijptonline.com/wp-content/uploads/2009/10/1285-1307.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23064010
http://www.ncbi.nlm.nih.gov/pubmed/23064010
http://www.ncbi.nlm.nih.gov/pubmed/23064010
http://www.ncbi.nlm.nih.gov/pubmed/10996573
http://www.ncbi.nlm.nih.gov/pubmed/10996573
http://www.ncbi.nlm.nih.gov/pubmed/16930682
http://www.ncbi.nlm.nih.gov/pubmed/16930682
http://www.ncbi.nlm.nih.gov/pubmed/18406440
http://www.ncbi.nlm.nih.gov/pubmed/18406440

Citation: Lopes CM, Soares C (2015) Transdermal Drug Delivery Systems Activated by Physical stimuli: Techniques and Applications. Drug Des 4:

e129. doi:10.4172/2169-0138.1000e129

Page 3 of 3

18. Rao R, Nanda S (2009) Sonophoresis: recent advancements and future trends.

J Pharm Pharmacol 61: 689-705.

19. Becker BM, Helfrich S, Baker E, Lovgren K, Minugh A, Machan JT (2005)
Ultrasound with topical anesthetic rapidly decreases. Academic Emergency

Medicine 12: 289-295.
2

o

and Technology 19: 27-34.

21. Kim do K, Choi SW, Kwak YH (2012) The effect of SonoPrep® on EMLA® cream
application for pain relief prior to intravenous cannulation. Eur J Pediatr 171:

985-988.

Citation: Lopes CM, Soares C (2015) Transdermal Drug Delivery Systems
Activated by Physical stimuli: Techniques and Applications. Drug Des 4: e129.
doi:10.4172/2169-0138.1000e129

. Lecomte MMJ, Atkinson KR, Kay DP, Simons JL, Ingram JR (2013) Modified
method using the SonoPrep® ultrasonic skin permeation system for sampling
human interstitial fluid is compatible with proteomic techniques. Skin Research

22.

23.

24,

Kim do K1, Choi SW, Kwak YH (2012) The effect of SonoPrep® on EMLA®
cream application for pain relief prior to intravenous cannulation. Eur J Pediatr
171: 985-988.

Hu Q, Liang W, Bao J, Ping Q (2000) Enhanced transdermal delivery of
tetracaine by electroporation. International Journal of Pharmaceutics 202: 121-
124.

Escobar-Chavez JJ, Bonilla-Martinez D, Villegas-Gonzalez MA, Revilla-
Vazquez AL (2009) Electroporation as an efficient physical enhancer for skin
drug delivery. The Journal of ClinicalPharmacology 49: 1262-1283.

. Inovio. Available on <http://www.inovio.com>. [Accessed on 23/09/2014].

OMICS International: Publication Benefits & Features

Unique features:

Increased global visibility of articles through worldwide distribution and indexing
Showcasing recent research output in a timely and updated manner
Special issues on the current trends of scientific research

Special features:

700 Open Access Journals

50,000 editorial team

Rapid review process

Quality and quick editorial, review and publication processing

Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled

Authors, Reviewers and Editors rewarded with online Scientific Credits

Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org /submission/

Drug Des
ISSN: 2169-0138 DDO, an open access journal

Volume 4 - Issue 3 » 1000e129


http://dx.doi.org/10.4172/2169-0138.1000e129
http://www.ncbi.nlm.nih.gov/pubmed/19505359
http://www.ncbi.nlm.nih.gov/pubmed/19505359
http://onlinelibrary.wiley.com/doi/10.1197/j.aem.2004.11.019/abstract
http://onlinelibrary.wiley.com/doi/10.1197/j.aem.2004.11.019/abstract
http://onlinelibrary.wiley.com/doi/10.1197/j.aem.2004.11.019/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0846.2012.00641.x/abstract?systemMessage=Wiley+Online+Library+will+have+be+unavailable+on+Saturday+5th+December+from+10%3A00-14%3A00+GMT+%2F+05%3A00-09%3A00+EST+%2F+18%3A00-22%3A00+SGT+for+essential+maintenance.+Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0846.2012.00641.x/abstract?systemMessage=Wiley+Online+Library+will+have+be+unavailable+on+Saturday+5th+December+from+10%3A00-14%3A00+GMT+%2F+05%3A00-09%3A00+EST+%2F+18%3A00-22%3A00+SGT+for+essential+maintenance.+Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0846.2012.00641.x/abstract?systemMessage=Wiley+Online+Library+will+have+be+unavailable+on+Saturday+5th+December+from+10%3A00-14%3A00+GMT+%2F+05%3A00-09%3A00+EST+%2F+18%3A00-22%3A00+SGT+for+essential+maintenance.+Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0846.2012.00641.x/abstract?systemMessage=Wiley+Online+Library+will+have+be+unavailable+on+Saturday+5th+December+from+10%3A00-14%3A00+GMT+%2F+05%3A00-09%3A00+EST+%2F+18%3A00-22%3A00+SGT+for+essential+maintenance.+Apologies+for+the+inconvenience.
http://www.ncbi.nlm.nih.gov/pubmed/22350285
http://www.ncbi.nlm.nih.gov/pubmed/22350285
http://www.ncbi.nlm.nih.gov/pubmed/22350285
http://www.ncbi.nlm.nih.gov/pubmed/22350285
http://www.ncbi.nlm.nih.gov/pubmed/22350285
http://www.ncbi.nlm.nih.gov/pubmed/22350285
http://www.sciencedirect.com/science/article/pii/S0378517300004324
http://www.sciencedirect.com/science/article/pii/S0378517300004324
http://www.sciencedirect.com/science/article/pii/S0378517300004324
http://onlinelibrary.wiley.com/doi/10.1177/0091270009344984/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1177/0091270009344984/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1177/0091270009344984/abstract?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://dx.doi.org/10.4172/2169-0138.1000e129

	Title
	Corresponding author
	Introduction
	Iontophoresis 
	Sonophoresis 
	Electroporation
	References

