
INTRODUCTION
Trans der mal Thera peu tic Sys tems (TTS) are elas tic

multi- layer patches ap plied to the skin in or der to de liver
ac tive sub stances into the blood stream af ter pene tra tion of 
skin bar rier [25,39]. The ac tive sub stance is re leased at
a prede ter mined rate and at a speci fied time. Dur ing this time 
TTS pro vide a con stant con cen tra tion of the drug [30].

TTS have sev eral im por tant ad van tages over more tra -
di tional ap proaches [3,6,22,42]. They are sim ple, easy to
use, and non in va sive. This sort of drug de liv ery im proves
a pa ti ent’s com pli ance in chronic treat ments. The ther apy
is safe. Just by re mov ing the patch it is pos si ble to ter mi -
nate po ten tial tox ici ties of the drug (such as drug
al ler gies). TTS elimi nate po ten tial gas tro in tes ti nal side
ef fects of oral dos age forms. The drug is ab sorbed di rectly 
through the skin and de liv ered to the blood or lym phatic
sys tem. TTS en sure con stant plasma drug con cen tra tions
and elimi nate pulsed en try into sys temic cir cu la tion.
Bioa vail abil ity is im proved by avoid ing first- pass he patic
me tabo lism and en zy matic or pH- associated de ac ti va tion. 
Trans der mal de liv ery not only pro vides a con trolled, con -
stant ad mini stra tion of the drug, but also al lows a conti-
nu ous in put of drugs with short bio logi cal half- lives and
low thera peu tic in dex.

Lo cal ir ri ta tion at the site of ap pli ca tion, ery thema,
itch ing, and lo cal edema are the main dis ad van tages of
trans der mal drug de liv ery sys tems. Pos si ble hy per sen si -
tiv ity re ac tions in clude ir ri tant con tact, al ler gic con tact,
and al ler gic con tact ur ti caria [26]. The pa tient should fol -
low rec om men da tions about the site of drug ap pli ca tion.
Al ter nat ing ap pli ca tion sites is the most im por tant pre ven -
tive meas ure against hy per sen si tiv ity re ac tions. De velo-
p ing a ro ta tional sys tem for the area of patch ap pli ca tion
seems to be the best so lu tion to the prob lem. It is im por -
tant to main tain the skin bar rier func tion and try to avoid
skin ir ri ta tion. Baths and show ers should be lim ited to
5-10 min utes only and emol lients should be used to mois -
ten the skin. Patches should be re moved gen tly. An
oil- based prod uct like pe tro leum jelly can be used to re -
move any re sid ual ad he sive [26].

CURRENTLY USED DRUGS
Trans der mal patch tech nol ogy has ad vanced since the

first sco pola mine patch was in tro duced to the mar ket in
1979. The suc cess of nico tine patches revo lu tion ized the
use of trans der mal drug de liv ery. Nowa days the ad vanced 
tech nol ogy of patches pro duc tion guar an tees that nearly a
bil lion patches are manu fac tured every year [40].

Ta ble 1. shows the thera peu tic sub stances pres ent in
the com mer cial prepa ra tions, for ex am ple ni tro glyc erin,
clo nidine, oes tra diol, fen tanyl, and nico tine.
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In 1992, the nico tine trans der mal de liv ery sys tem was
in tro duced to help treat to bacco de pend ence. All the
patches re lease a con trolled amount of nico tine through
the skin. The con stant plasma nico tine con cen tra tion re -
duces the nico tine crav ings and can help ab stain from
smok ing. Nico tine is a suit able can di date for trans der mal
ther apy be cause it is highly solu ble in lip ids, and per me -
ates the skin eas ily [12,50].

Trans der mal con tra cep tion has pro vided an im por tant
new thera peu tic op tion for many women. A cur rently
com mon mar keted con tra cep tive patch con sists of a ma -
trix sys tem that re leases the pro gestin norel ges tro min and
eth iny les tra diol. A lower dose may re duce the in ci dence
of side ef fects, but cur rent data are too lim ited to sup port
this claim. Re cent epi de mi ol ogi cal data in di cate a slight
in crease in the risk of ve nous throm boem bo lism in patch
us ers com pared with oral con tra cep tive pills us ers
[21,41]. The drugs ad min is tered orally must be taken at
least once a day. The trans der mal con tra cep tive patch of -
fers an al ter na tive for women who seek a hor mo nal
con tra cep tive that may be eas ier to use and per haps more
suit able for con tem po rary, ac tive life styles [10,49].

The use of an al ge sics as a ‘pain re lief patch’ is also
gain ing popu lar ity. When ap plied to the skin, these
patches can de liver an an al ge sic drug at a pre de ter mined
rate across the der mis to achieve ei ther a lo cal or sys temic
ef fect. Trans der mal an al ge sics are now used in many ar -
eas of pain man age ment and by many dif fer ent pa tient
groups. The ap pli ca tion of a lo cal an aes thetic patch is par -
ticu larly use ful in pe di at ric prac tice to pre vent the pain of
ve ne sec tion or vac ci na tion. Lo cal ized trans der mal de liv -
ery of drugs may be help ful in the man age ment of chronic
neu ro pathic pain, for ex am ple topi cal cap sai cin and lido -
caine patches. Trans der mal an al ge sics can be used for the
treat ment of the chronic no cicep tive pain. Fen tanyl and
bu pre nor phine (opioid an al ge sic) have been avail able for
many years in a patch form. They are im por tant es pe cially 
in the treat ment of can cer pain. There is a non- steroidal
anti- inflammatory drug (NSAID) patch con tain ing 1% di -
clo fena ce pola mine. It can be used for lo cal treat ment of
pain in epi con dy li tis and an kle sprain. Topi cal NSAIDs
are for mu lated in a way so that they pene trate the sub cu ta -
ne ous tis sues and ac cu mu late un der the site of ap pli ca tion. 
A lo cal treat ment pre vents se vere risk of gas tro in tes ti nal
ul cera tion, bleed ing, and per fo ra tion as so ci ated with the
use of oral forms of NSAIDs [4].

Trans der mal form of the drug is par ticu larly im por tant
in the pe di at ric prac tice and in the treat ment of older peo -
ple for ex am ple in the treat ment of ADHD, meno pause,
Park in son’s dis ease and Alz heimer’s dis ease.

COMPONENTS AND TYPES OF TTS
The ba sic com po nents of TTS are [13,36]:

– back ing layer – pro tects against outer fac tors (poly vi -
nyl and poly eth yl ene films),

– drug/drugs,
– ad he sive – al lows stick patch to the skin (sili cons,

gums, ac ry lates),
– re lease liner – pro tects ad he sive layer, is re moved be -

fore its use (poly mer im preg nated pa per coated with a
sili cone).
Trans der mal Thera peu tic Sys tems may be di vided into

[13,25,36]:

Res er voir sys tem
This type of the drug is con tained in a res er voir be -

tween the back ing layer and the poly meric mem brane.
This mem brane, con nected to the res er voir, is a con trol -
ling re lease ele ment. The drug is sus pended or dis solved
in a sol vent or in a poly mer. Ma te ri als used for pro duc tion
of the mem brane are co poly mers of vi nyl ace tate and eth -
yl ene or meth acry lates (Fig. 1). A pre ma ture re lease of the 
ac tive sub stances as a re sult of me chani cal dam age of the
mem brane may be a dis ad van tage of this sys tem.

Ma trix sys tem
Un like the res er voir sys tem, the re lease of an ac tive

sub stance is con trolled by dif fu sion pro cess. The drug is
dif fused in a hy dro philic or lipo philic poly mer ma trix (ho -
moge nous or mul ti lay ered). The re lease pro cess of the
ac tive sub stance is con trolled by lipo philicity and the
struc ture of the ma trix in TTS. The main ad van tage of this
sys tem is the im pos si bil ity of a sud den re lease of the ac -
tive sub stance (as it hap pens in the case of res er voir
sys tem). In or der to at tach the patch to the skin, an ad he -
sive layer is ap plied on the edge of the ma trix (Fig. 2). It is
not al ways nec es sary to ap ply the ad he sive layer. Some -
times the ma trix pos sesses ad he sive prop er ties it self.

Mi cro-res er voir sys tem
This sys tem is an in di rect struc ture be tween the res er -

voir and the ma trix sys tem. A hy dro philic phase (40%
sol vent poly eth yle ne gly col in wa ter) is dis persed in lipo -
philic phase, as a mi cro-res er voir, in which there is the
ac tive sub stance. The re lease pro cess de pends on many

Vol. 26, 1, 88–93 89

A review of TTS – development, types and preparations

Fig. 1. Schematic of reservoir system [36]



fac tors, e.g. dif fu sion rate in ma trix, dif fu sion in a res er -
voir and its mem brane or mi cro-res er voir/ma trix ra tio
(Fig. 3).

Single- layer drug in ad he sive sys tem.
This is the sim plest form of TTS. The same ma te rial

serves as an ad he sive and a drug- containing layer. In this
case, an ad he sive layer has a dou ble func tion. It is re spon -
si ble for the ad he sion to skin and for the re lease of a drug
(Fig. 4). Us ing this type of patches is com fort able be cause
they are thin ner and smaller than oth ers.

Multi- layer drug in ad he sive sys tem
In this case, the struc ture is simi lar to the one of

a  single- layer drug in the ad he sive sys tem. How ever, they 
dif fer in the number of ad he sive lay ers. A multi- layer
drug in the ad he sive sys tem pro vides a bet ter con trol over
the drug re lease than a single- layer drug in the ad he sive

sys tem. The ad he sive lay ers may not be com posed of the
same ma te rial and they are usu ally sepa rated by a mem -
brane (Fig. 5).

BREAKING THE BARRIERS OF DRUG
PERMEATION THROUGH THE SKIN

To im prove the ef fi ciency of trans der mal drug de liv ery 
sys tem, the drug must be ca pa ble of pene trat ing the skin
bar rier and reach the tar get site. Pas sive sys tems are re -
stricted to low- dosage lipo philic and low mo lecu lar-
weight mole cules (<500 Da). Higher mo lecu lar weight
mole cules (>500 Da) do not pene trate the stra tum cor -
neum [18,43].

Ta ble 1. Thera peu tic sub stances pres ent in the com mer cial
prepa ra tions of TTS and their uses [33]

International 
drug name Indications

Nitroglycerin (Glyceryl 
Trinitrate)

Prevention of angina pectoris due to coronary
artery disease

Hyoscine
(Scopolamine)

Prevention of nausea and vomiting associated with 
motion sickness and recovery from anesthesia and
surgery

Nicotine Reduces withdrawal symptoms, including nicotine
craving, associated with quitting smoking

Fentanyl Management of persistent, moderate to severe
chronic pains

Buprenorphine Chronic pain
Flurbiprofen Muscle and joint pain
Diclofenac 
epolamine

Topical treatment of acute pain due to minor strains, 
sprains, and contusions

Clonidine Treatment of hypertension

Estradiol

Treatment of vulvar and vaginal atrophy, 
and vasomotor symptoms associated with 
the menopause therapy of hypoestrogenism,
prevention of postmenopausal osteoporosis

Estradiol,
levonorgestrel

Menopause: vasomotor symptoms and osteoporosis 
prevention

Norelgestromin,
 ethinylestradiol Prevention of pregnancy in women

Testosterone
Hypogonadism in damage to the testicles and 
the parts of the brain which control the release 
of testosterone

Lidocaine Pain associated with post-herpetic neuralgia
Lidocaine, tetracaine Local dermal analgesia
Oxybutynin Treat symptoms of overactive bladder, incontinence

Methylphenidate Treatment of Attention Deficit Hyperactivity
Disorder (ADHD)

Selegiline Treat major depressive disorders

Rivastigmine tartrate
Treatment of mild to moderate dementia of the
Alzheimer’s type and dementia associated with
Parkinson’s disease

Granisetron Prevention of nausea and vomiting in chemotherapy

The pas sive ap proach en tails the op ti mi za tion of for -
mu la tion of drug vesi cles. It can mod ify the per me abil ity
of the stra tum cor neum layer of the skin, which al lows the
de liv ery of higher mo lecu lar weight com pounds. The
chemi cal en han cers are called pene tra tion en han cers,
sorp tion pro mot ers or ac cel er ants. Pene tra tion en han cers
may in clude chemi cals such as al co hols (etha nol), al -
kanols (de canol), azones (lauro ca pram), sul phox ides
(di meth yl sul phox ide), gly cols (pro pyl ene gly col), pyr ro -
lido nes, sur fac tants, and ter pe nes [48,51].

Be low, some of the im por tant prop er ties of the pene tra -
tion en han cers are pre sented:
– they are non- toxic, non- irritating and non- allergenic,
– they pres ent no phar ma col ogi cal ac tiv ity within the body,
– they are com pati ble with both the ex cipi ents and drugs,
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Fig. 2. Schematic of matrix system [36]

Fig. 3. Schematic of microreservoir system [36]

Fig. 4. Schematic of single-layer drug in adhesive system [36]

Fig. 5. Schematic of multi-layer drug in adhesive system [36]



– they work rap idly but the ac tiv ity and du ra tion of the
ef fect should be pre dict able and re pro duci ble,

– they de liver drugs into the body while pre vent ing the
loss of en doge nous ma te rial from the body,

– bar rier prop er ties af ter re mov ing from the skin should
re turn rap idly and fully.
Pas sive ap proaches also in clude the use of pro-drugs,

lipo somes, and other vesi cles [8].
Al though pas sive meth ods do not suf fi ciently im prove

the per mea tion of drugs with mo lecu lar weights >500 Da,
lots of the de vel op ment ef forts in trans der mal drug fo cus
on ac tive sys tems of de liv er ing a wider range of drug
mole cules, in clud ing oli go nu cle tides, pep tides, and pro -
teins. The ac tive meth ods in clude physi cal or me chani cal
meth ods of en hanc ing the de liv ery such as elec tro po ra -
tion, ion to phore sis, me chani cal per tur ba tion, ul tra sound,
and need less in jec tion. [8].

One of the meth ods of en hanc ing trans der mal drug de -
liv ery is elec tro po ra tion, which con sists of short,
high- voltage elec tri cal pulses [47]. This tech nique forms
tran sient pores that en able skin pene tra tion by the mac ro -
molecu lar drug sub stances. The ef fi cacy of elec tro po ra tion
de pends on vari ous fac tors e.g. the ap plied volt age, du ra -

tion, the number of pulses, and the physico chemi cal prop -
er ties of drugs [1,46]. This method has been used in case
of big mole cules of dif fer ent lipo philicity and sizes (pro -
teins, pep tides) [4,8].

An other method that uses an elec tric field is ion to -
phore sis. Un like elec tro po ra tion, this tech nique uses
a s mall elec tri cal po ten tial (0.5 mA/cm2 or less ) af forded
by con stant cur rent ion to phore sis. The amount of the sup -
plied ac tive sub stances is di rectly pro por tional to the size
of a charge passed [1,27]. This tech nique is used for drugs
which are nor mally dif fi cult to ad min is ter e.g. pep tides
and oli go nu cleo tides [5].

Ul tra sound tech nol ogy is an other method that can help
in crease skin per mea tion. Its us age in drug de liv ery
through the skin is known as sono pho re sis (phono pho re -
sis). Two types of sono pho re sis tech niques can be
dis tin guished: low fre quency ul tra sound (20–100 kHz)
and thera peu tic fre quency ul tra sound (1–3 MHz) [23].
How ever, this mecha nism is not fully known. It is ac -
cepted that main fac tor is acous tic cavi ta tion (growth,
split ting or in ter ac tion of gas bub bles un der the in flu ence
of the acous tic pres sure os cil la tions in the so lu tion) [38].
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Ta ble 2. Re view of se lected items from the lit era ture with dif fer ent ac tive sub stances used in the re search on TTS
International drug

name/active ingredient
Type of TTS/controlling release

element Class of drug Indications/ drug action Advantages

Silver nitrate (29) Bio-patch: silver hybridized
porous chitosan patch Inorganic compound Antibacterial activity, prevent

infection of the wound Biocompatible

Tulobuterol (TBR) (45) Crystalline TBR distributed
homogeneously in a matrix Beta blocker

Bronchodilator, bronchial
asthma

High permeability into the skin’s
keratin layer; controlled release rate

Desogestrel (44)
Matrix type patch, polyisobuty-
lene with copovidone and mineral 
oil

Progestogen
(new generation)

Contraception, ovulation and
sperm penetration inhibition

Lack of drug leakage issues and ease 
of manufacturing, without causing
undesirable crystallization

Paroxetine (17) Liposomal gel transdermal patch
(reservoir type)

Serotonin reuptake 
blocker Antidepressant

Improvement the bioavailability
(initial high plasma concentration
after oral administration)

Diclofenac sodium (20) Nanosilica/acrylic acid grafted
guar gum membrane

Non-steroidal
anti-inflammatory
drug

Rheumatoid arthritis 
Increased membrane stability,
biocompatibility, reduction severe
gastrointestinal and renal dysfunction

Diltiazem hydrochloride 
(7)

Multiwalled carbon nanotube with 
polyvinyl alcohol (membrane)

Calcium channel 
blockers

Treat hypertension, angina
and certain heart rhythm
disorders

High strength and elasticity membrane

Aloin 
(barbaloin) (52)

Liposomes immobilized in
Layer-by-layer films with a
polyelectrolyte

Anthraquinone 
from Aloe vera Anti-inflammatory

Biocompatibility, preserve the activity
of biomolecules for considerable
periods times

Tenoxicam (2) Proniosome gel formulation
(“dry niosomes”)

Non-steroidal anti-
inflammatory drug

Long-acting non steroidal
anti-inflammatory drug

Solving the problem of hydrophilic
nature of the drug

Ondansetron (34)
Hydrogels: hydroxyethyl-cellulose 
or hydroxypropyl-cellulose with
l-menthol (penetration enhancer)

Serotonin 5-HT3 
antagonist

Treat nausea and vomiting
associated with cancer
chemotherapy, radiotherapy,
anesthesia and surgery

Feasibility of delivering ondansetron
transdermally

Insulin (11)
Insulin-loaded nanovesicles in
combination with iontophoresis
and microneedles

Peptide hormone Diabetes therapy Non-invasive delivery of peptides
with large molecular weights

Sumatriptan (37) Iontophoretic patch Triptan Treatment of migraine
Reduction of difficulty in taking 
oral medication (vomiting often
accompanying migraine)

Vinpocetine (16)
Laurate sugar ester proniosomes
(absorption and penetration
enhancer)

Poorly water-soluble
vincamine derivative

Treatment of disorders arising
from cerebrovascular and
cerebral degenerative diseases

High efficiency in systemic delivery
together with lack of irritancy and
excellent safety profile

Galantamine (35) Pressure-sensitive-adhesive
patch with oleic acid as enhancer Alkaloid

First-line pharmacological
agent for the treatment of
Alzheimer’s disease

Elimination cholinergically mediated
gastrointestinal effects: nausea,
vomiting, diarrhea, and anorexia

Morphine hydrochloride
(MH) (24)

Polyethylene sponge foam
impregnated with MH Opioid analgesic

Management of moderate-to-
severe pain in cancer and
postoperative patients

Suggestion that transdermal morphine 
can be used for palliative care

Timolol maleate (15)
Different sugar fatty acid esters
as permeation and absorption
enhancer

Non-selective beta-
adrenergic blocking
agent

Treatment of hypertension,
angina pectoris, myocardial
infarction and glaucoma

Future use of sugar esters as promi-
sing absorption and penetration
enhancer

Tolterodine (53)
Drug-in adhesive patches with
O-acylmenthol as penetration
enhancers

Anti-muscarinic Treatment of urge incontinence
Transdermal delivery drug potential,
the most promising enhancer, side
effects elimination

Ranitidine (14) Gel formulation, iontophoretic Histamine H2-receptor
antagonist

Gastro-oesophageal reflux
disease, benign gastric and
duodenal ulcerations

Potential of transdermal iontophoresis



An other way of en hanc ing trans der mal drug de liv ery
for big mole cules is a mi cro-nee dle based de vice. This de -
vice com bines the ad van tages of us ing hy po der mic
nee dles and TTS. This method does not cause an un de sir -
able, ex ces sive pain and tis sue in jury. Also, the con trol of
the drug re lease is simi lar to the one where hy po der mic
nee dles are used. Mi cro-nee dles of vari ous sizes, from
sub- micron to mil li me ters, are made of sili con, metal, and
poly mer [19,28,32]. They cre ate micron- sized pores that
make the trans port to the big mac ro mole cules and even
mi cro-par ti cles pos si ble [31]. Us ing mi cro-nee dle patches 
is par ticu larly com fort able when a fre quent ad mini stra -
tion of drugs is nec es sary (such as ad mini stra tion of
in su lin) [28].

In or der to en hance drug per mea tion through the skin
sev eral en han cers are used in a sin gle sys tem. The com bi -
na tion of chemi cal and physi cal en hance ment tech niques
has shown the syn er gis tic ef fect in the per mea tion en hance -
ment. It is rec om mended to choose a com bi na tion with
dif fer ent mecha nisms of per mea tion en hance ment. These
com bi na tions in crease the safety of patch us age by pre vent -
ing per ma nent and ir re versi ble changes in the skin [9].

THE FUTURE OF TTS TECHNOLOGY
Ta ble 2 pre sents ex am ples TTS tech no logi cal so lu -

tions, which are cur rently in de vel op ment.

CONCLUSIONS
Due to nu mer ous ad van tages of the Trans der mal

Thera peu tic Sys tem, the is sue has been the sub ject of
many re search ers’ proj ects. An in creas ing number of new
drug prod ucts are be ing de vel oped for trans der mal de liv ery.
De spite some dis ad van tages, for ex am ple lo cal ir ri ta tion
at the site of ap pli ca tion, trans der mal drug de liv ery is
a good al ter na tive to mini mize the limi ta tions re lated to
oral and par enteral ad mini stra tion of drugs. The ef fec tive -
ness of TTS sys tem de pends on the drug’s abil ity to
in vade the skin bar rier. In or der to ex ploit the TTS more
ef fi ciently a number of sci en tists have been work ing on
some com bi na tional ap proaches to manu fac tur ing TTS.
Sev eral new tech nolo gies are in ves ti gated to al low TTS to 
be trans formed in the near fu ture and of fer even more
bene fits.
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