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Transdermal drug delivery systems: Pressure-sensitive adhesives
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Abstract

Transdermal drug delivery systems are very popular nowadays, and a number of
transdermal patches are available on the market. Generally, transdermal patches require a
polymer that acts as a glue to attach the patch to the skin. This glue is called pressure-sensitive
adhesives (PSAs). Three types of polymers are commonly used as PSAs, including acrylates,
silicones, and polyisobutylenes. However, these polymers may have problems such as the
incompatibility with some drugs, insufficient adhesion properties, low rate of permeation into the
skin, and the use of organic solvents that causes pollution to the environment. Therefore, PSAs
can be further improved by modifying the structure of the well-known PSAs to get a new type of
polymer, chemical modification via grafting techniques, and physical modification by adding

excipients. These could provide high quality and effective transdermal patches.

Keywords: transdermal drug delivery systems, polymers, pressure-sensitive adhesives,

transdermal patches
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Filasumsiuses ?jlamﬂ'zy (Ban13an) dovely
1979 Scopolamine (Transderm Scop®) Motion sickness
1984 Clonidine (Catapress TTS®) Hypertension
1986 Estradiol (Estraderm®) Menopausal symptoms
1990 Fentanyl (Duragesic®) Chronic pain
1991 Nicotine (Nicoderm®, Habitrol®, Prostep®) Smoking cessation
1993 Testosterone (Androderm®) Testosterone deficiency
1995 Lidocaine/epinephrine (Iontocaine®) Local dermal analgesia
1998 Estradiol/norethindrone (Combipatch®) Menopausal symptoms
1999 Lidocaine (Lidoderm®) PHN pain
2001 EE/norelgestromin (OrthoEvra®) Contraception
2003 Estradiol/levonorgestrel (Climara Pro®) Menopause
2003 Oxybutynin (Oxytrol®) Overactive bladder
2004 Lidocaine/ultrasound (SonoPrep®) Local dermal anesthesia
2005 Lidocaine/tetracaine (Synera®) Local dermal analgesia
2006 Fentanyl/iontophoresis (Ionsys®) Acute postoperative pain
2006 Methylphenidate (Daytrana®) ADHD
2006 Selegiline (Emsam®) Depression
2007 Rotigotine (Neupro®) Parkinson’s disease
2007 Rivastigmine (Exelon®) Dementia
2008 Granisetron (Sancuso®) Chemo-induced emesis
2009 Oxybutynin (Gelnique®) Overactive bladder
2010 Buprenorphine (Butrans®) Chronic pain
2019 Asenapine (Secuado®) Schizophrenia
2020 Levonorgestrel/ethinyl estradiol (Twirla®) Contraception
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Acrylic PSA emulsion Neoplast Co. Nicotine
2-Ethylhexyl acrylate Mitsubishi Petro-chem Co., Japan Wako PGE

and acrylic acid copolymer
DUROTAK 387-2516 National Starch and Chemical Co. Rosiglitazone
DUROTAK 87-2852

Eudragit NE Réhm, Germany Coumarin Melilot dry
Eudragit E100 extract

Eudragit L100

rhadalan

MDX-4-421 (a silicone) Dow Corning L-timolol maleate
Cariflex TR-1107 Shell Chemical Co., Japan Dihydro etorphine
MDX4-4210 silicone elastomer Dow Corning Nitroglycerine
BIO PSA HighTack 7-4301 Dow Corning Trimegestone
BIO PSA MediumTack 7-4201

rhawadlalodfan

Vistanex LM-MS Exxon Chemical Co. Fentanyl

Vistanex MML-100




unAIAuNITIMIamsunsAnyImeidoananavman s PANFIAENT U1 INEIFEFAUINT

agslsfianunafwainnanangsawaranudyrins it nwnuarendaguisria 3
s =1 a d' oA a o o 1 v A % qz‘; 1 o A %
suddn1sfadan liwoiwe uazddanmahasdrginilae sanalludatudnsnamn

PSAs ThalnsiiNatwulszANTAWlwmIbafaRInTh

MmN hdaussnazsia lns
minawnhdausinasfialnd Giandszasd™®" wat
1, Lﬁ'aLﬁué'mﬁmsﬁ’lmmLﬁﬂgﬁmﬁf@
2. wauanudinuldmaeiffndues PsAs fussdUsznaudug ludsu
3. WarnlSammaanyildluisulaslidmansznudeauiinsiafaves PSAs
4. Wauaulifnmibadaues PSAs

wwINIMINaIN hdausina b luszuutingss s nRrEInLsle 3 wwan1a™® " laun

'
a

1. masudpleveirassstadandegldidusbadasiialn u manauwndun
hdaussnaniialalasiaa (Hydrogel PSAs) wiaanatiunin malhdaussnasfiaauiin
(Hydrophilic PSAs)

2. mseaudslassairiomand (chemical modification) TagldnisUsuifoulassairsmaad
yasasfadadomssaudilesssamandlasinaiinnsdafis (grafting technique)

3. mMIaaulsnamanw (physical modification) lasmsiduanstiuands Wl ludsy

A . e K a ~ a A o '
LW aﬂsuﬂ‘gaauum NRIUAAALILLNNUTERN TN WA TINRILN

nhdaussnazsialalasioa (Hydrogel PSAs)

K a

1 hdausinasiia lalasias luasdafandantianasalui (water-swollen) ua liazans

ﬁmmsn@@ﬁﬂ@i’mn LﬁaamnmmmﬁnLﬁuimaqamadﬁﬁ

a

¥ a &al ] | a
i uwediwesnilaseeandng 3 44
1Ta1elulaseasis laslassssandnaiinannnisiuainuuadnadiwasivausia (hydrophilic
A ' a 6 a A v o @ % 6 A
polymers) G93znindmawaiinasazimadaulastirunuaiawnszlaniand wus:lalasiau nie
o ' ' € [ a 6 o 11 ‘[ a &l &
Wuszazninyiaitudni g Uszneuiwdunafwesmosndwiuann' laswafiweinvausi
wtiadu 2 Uszan' laun
a AN o a A a et o & & o
1. WaAWasN laNNTITNTIANTaWaRNaTNIFILATIZN 1T% 82N13 (agar) LTUUNY N
(xanthan gum) 88311 a (alginate) lalae1u (chitosan) WAz yWTVEILTAYLaw (cellulose
derivatives) 1% LufiaLmaglag (methylcellulose, MC) laasandlwaRatufiaisaglas (hydroxypropyl

methylcellulose, HPMC) laasanGiafiaiwaglaa (hydroxyethyl cellulose, HEC) uazlaifiuaniivan

(2 '
= =

- , 4 a :
%LuﬂaLSﬁaQIaa (sodium carboxymethylcellulose, SCMC) JawadwasUssinniazdiaiiasning



syuuhase 1 iands - n13lasausing

2. WallwasFIATIZA Wiu araSAauada (acrylic acid) WadAlaaTandaanalunIASLAN
(polyhydroxyalkyl methacrylate) A13lUWaa 934 (carbopol 934) uas Wad hilalaanadas (polyvinyl
A a & @ ¢ A A ]
alcohol) TewafiwaiauaTziazdiafininingania
1 1 1 ™3 ) 1 a an Al =3 ad A =1 v ]
mahdeusnanguii Snidusslunguezeiian $alau uazweilalodafisu Selauddla
rautin wazliUSuraminlud1sudesnitTesas 0.1 3nNNIAN©®IVES Feldstein Lazae (1998)

' \ A A o N A . )
wudn M hdaussnasiialalasiaadilsznavuals wadlaiialwlsdlaw (polyvinyl pyrrolidone,

] v
A A o

PVP) ﬂwumﬁfﬂimaqagwauﬁu oligomeric polyethylene glycol (PEG) dihludriuganisiasas 8-
g/ a A dl =1 a g’ o et Fz/ o va L a Fil Qo L Qs =2 a =1 1

11 laainnin Gmmamhmmuﬂumsugwu AR RIRIIUS I N FURNENURIIEAAAT A NS %
, N e e e 4 v o4y . - - . .
U wazvihlwnsazaneuasarsndmaynvauiiNudn Jssnarindszaninnlumaingdsenlasla
FndudaslFzIRunIITURI® WanNHEINLIIN daLTInaThe lalasias s1u1TaInw e Ny
o Ac!ldI o ~ ' ‘»13144& erL a vL. QVLI

ALNRRTRAN T LATIFTIINATLANFE1INK> ™ FIna bn lunTinan2 Reawssnaaha ko lasiaa
WWangy PVP nu PEG ﬁamnﬁ@w”uﬁ:"l,ﬂmLﬁ]mzwjﬂmg"l,amaﬂ;ﬁama\‘] PEG ﬁag’ﬂmﬂmﬂﬁu

a

' 6 a A v a 6 & v wg/ < o ' a
%gjmiuauamaq PVP L:ua"L@‘waamaﬂu@iﬁwumum Eﬂlﬂiﬂl“ﬁ%’?Lﬂ%@]?ﬂﬂ?x‘lluﬂ’l‘iﬂalﬁ]ﬂ 39

' '
v =

) 1 a A = a A A 1 1 1 1 Fild o ] g/
dunhdaussnasfialalasiaa Seddednmieniimihdewsinanguiiffians@ lizeuin 7
a Y e o a a 6 ) 6 ) = K a A o 2
inldanvinazansdunisd 11w asaliwasy axdlan lanaalsdms luntazauansdada Gavinla
LAAUANEALAILIARANLAZAAAAN LT WN 1 16 1518
o ' Aa A A

Lehman K. (1996) ma’l‘ﬂuﬂqmummmeﬂﬂwaama‘f(methacrylate copolymers) Jaduans
\nRauiax (film-coating agent) MlFlwindAmwiyluusdasidsznu siaioudunnildauss
nazfialalasaa lasdretwminguaumeiiaaldun lawfisszdluefisiumaiian wmaifaua
Fa uaz wWniasaauadatamnas wazin15 ket acetyl tributyl citrate Lﬂumil,w“ummﬁ@mju
(plasticizer) Liai@y succinic acid 1111l azifinnnmaFasnusznungeziiluzaswafinad vlw
a I &/ 17 v A A [ 6 a Aa 6 o ' @ c§ a
Aadulalaseadu’” Jegduiinfanuvivesumaiiaalanadweiimineluiasaaa Jandalas

U38N Rohm America Inc. Ussinaanizaiasni Janidfe Eudragit® "

1 a a &l A [ ¥ = a 1A
ﬂ’]'ﬂ')(ﬂaLtidﬂﬂ%%ﬂ‘[ﬂwaaL&Iai‘n&lﬂ’]i@lG]Ltﬂi‘[ﬂidai’ldﬂ’ldLﬂ&l‘[ﬁEll,“nﬂ%ﬂﬂ”li(?laﬂd (Graft
copolymeric PSAs)

ea A a

mMahdausinasia lanadwasninisaaudslassasimaadlagmainnmdanedlasiaing
> d' = =1 a a ‘g,o d' 1 2 a c§ 2
asluztn 3 mueIouasfefasfieiivhldlasmasendalavaisvesmisfioniadiuaoas
WaALNBTWAY (polymer backbone) 134 N13HNasASAALaENES N LTaNdanULNNLlATINGS
c§ a 6 1 1 wn CZ2 U = wn =1 a
(macromers) TTA2ILUNLATINETILFINAGDENLAANNT N LANILAT wazantansiafaues

a 11
WLl



unAIAuNITIMIamsunsAnyImeidoananavman s PANFIAENT U1 INEIFEFAUINT

y _ —— macromer
4 [ Fd 5
o0, oo,  o®%®
B .f'". .tb’ ® 4 ‘. @& — backbone
1 ~

#

317 3 1A398519289 Graft copolymeric PSAs"™

A a 6 aa & ¥ & 6 o 3 aaa ~
ﬂ’]iL’ﬁa&l‘WaﬂL%Jaia‘&:ﬂiﬂﬂLaﬁL‘ﬂaiLﬂl’]ﬂULLNﬂIﬂiLﬂJai ﬁ’]&l’]iﬂﬂ’]vl,(ﬂvl@]Elﬂ’]i‘ﬂ’]ﬂgﬂif_l’]mll

&

' Aaa . . . A o o vV v al A AaA a
1B 1fjA581 free radical polymerization Tsuanlasiwasnaniianld laun wad lelodriauwedie
nawaanloa wadhiaezdina wadhialnlsdlan uazwaiusaalse Hudu'

Zhao uazame (2019) lawanmihdaussnasfialanafiwasninmiaaudslassairomand

a A o . A v o v o

laswnafinnnsaafialassin poly(styrene-b-isoprene-b-styrene) (SIS) Fefivadnnadaldlanuaien
azaneluluaii (lipophilic drugs) 3934 SIS wiTandalasldinafinnsaafeny polybutadiene (PB)
lawadiwasviialniifia SIS-g-PB lasnaminasauautansdafiniksnuin SIS-g-PB s1u13ndia
a £ A 1 A = [ 1 A g’ a A . . ' o @ A
fnislaanit SIS uastlafinmaanmidantsassnfiazanasing fa geniposides WuINludsuN
i SIs-g-PB ﬂa@ﬂﬁiaﬂmvlﬁqdﬂ’h SIS 1#84971n PB sansalwuanadnulauassiennuwadiues

. rL-wL " a = o . . ‘L & 18
RIWNNER LULNANIIANNINVBIAILN (crystalllzatlon) WTWNII

]
A A

N2 laaussnaNANINANEIITIYNNNIITNRI
1 1 n' = 1 o d' > ' ' 2
MIEETTILANNNIITUEW NI RN T U UL RauaasnsUaataassnusnudele a7n
NBIATVDI Myoung LLaza ke (2002) ladnu1n1sEunwua isosorbide dinitrate (ISDN) Tu
gﬂmeLNuLLﬂzﬁmﬁfq WU NN senauaanIThaazaSIas Wanauny wad s lwlsa
Ta%azaANITAZANLVDIALT ISDN 89 RINALRIATINITNHIBRAIRIEIVDI6287 ISDN AaIIE L6
d' 1 . c§ I 1 n' = ' a % o > 1
\llala N-decylmethyl sulfoxide (NDMS) Gt a8 Wi NNIBNE1 1A I8 b 130 wudn
o d'd [ 6 A o = 1 d' 1 n'
d3und NDMS Luasdilsznaudansnnsdunin ISDN §98 1H8931n NDMS TatAunsazae
27 ISDN waatnglsnaiulatanuunwiilsNd NDMS adunR1Abatidniian 24 92109 813WUN3
o A a s 19
T2 LADININIES
wannnigmuhastisivanubantdu (plasticizer) ludsufigimadedansdantdas
anlaaloiruny lag Tombs wazame (2018) Waiwin hdausinanweiiwassialnindain
TEPI® lanlddru1d1awae ibuprofen uazldastisiiuaiudantuda diethylene) glycol

monoethyl ether (DEGEE), propylene glycol (PG), polyethylene glycol 400 (PEG400), oleic acid

(OA) uaz octadecanol (OD) Lﬁaﬁﬂmé’@mm‘sﬂa@ﬂﬁiaUmlm‘h%’uﬁldmsﬁ’;mﬁummﬁwﬁmwi

10



suuaee19Aands : nnlameusing

az1%ha WU luwdsunla DEGEE:PG:OA luaas18Iu 5:5:11.5 ﬁa"'@]ﬁmifﬁumuﬁmﬁwa\‘imgq

' (9
A [

@ N994L189970 DEGEE, PG 1ay OA TIgWNNNTALAV8Ia287 %ananih OA gIa1313n¥in i

e ﬁne

6

g
a £ (2 A 1 (o .. - =) o v =3 1 a ;&’ 20
wwlumuammmaimﬂmamwaaum (lipid fluidity) 'ﬂdﬂ’]l%a@]iﬁﬂﬂisﬁuwﬂuﬁﬂL‘W%J“].I‘Ll;

)

uwasg]

MIBIRILIN ﬁmﬁfﬂugﬂ LUV LRIz aNdan2 s ausIna T d a1

a o a a A

(til v a 3 = 3 = a aa Al Aa ad
AANUNINU ‘WaﬂLNaiﬂl"ﬁL@]‘Sﬂ&lﬂ’]’va@laLLi\‘iﬂ@]N 3 ﬂﬁgll B BEAILRE GﬁﬂIﬂu LLRZ:WSNVL@I‘HU’)V]R%

a ) wa =

A [l U s s s o Qs a { 1 s o 1
3 a’mwuﬂrgmmi"l,u PIMNUWNU@IEIRIAYUNT UG IRNUANIILA mﬁ"l,m‘ﬁmw 8 J9aTnvings

A ed

pugngianibaladan waziinsldadarinazmodunidnnaldifauafndafniadon ihauddym
AR A o ' a . oA A e 2 a o . a o A @ =

manisdnmsnamnmahdaussnariialnl iWaiiuauia lwnsdadanuiinig tAuaa N5

Huuazdarmadaadsssdammanidngiimib snaliidudininmwlumsinmedasmsings

R BRIRIN Lo

LONE1I19D9

1. Opanasopit P, Panomsuk S. Drug delivery system. 1 ed. Nakhon pathom: Silpakorn
university; 2011.

2. Lobo S, Sachdeva S, Goswami T. Role of pressure-sensitive adhesives in transdermal drug
delivery systems. Ther Deliv. 2016;7(1):33-48.

3. Zhong H, Chan G, Hu Y, Hu H, Ouyang D. A comprehensive map of FDA-approved
pharmaceutical products. Pharmaceutics. 2018;10:263.

4. Jayaprakash R, Hameed J. An overview of transdermal drug delivery system. Asian J Pharm
Clin Res. 2017;10(10):36-40.

5. Erd0 F, Hashimoto N, Karvaly G, Nakamichi N, Kato Y. Critical evaluation and
methodological positioning of the transdermal microdialysis technique. J Control Release.
2016;233:147-61.

6. Wilson EJ. Three generations: the past, present, and future of transdermal drug delivery
systems. Pharmcon SC USA. 2011.

7. Akhtar N, Singh V, Yusuf M, Khan RA. Non-invasive drug delivery technology: development
and current status of transdermal drug delivery devices, techniques and biomedical applications.
Biomed Tech. 2020:1-30.

8. Savoji H, Mehdizadeh A, Abadi ARS. Transdermal nitroglycerin delivery using acrylic
matrices: design, formulation, and in vitro characterization. ISRN Pharm. 2014;2014:1-9.

9. Dipen P, Kavitha K. Formulation and evaluation aspects of transdermal drug delivery system.

Int J Pharm. 2011;6(2):83-90.

11



unAIAuNITIMIamsunsAnyImeidoananavman s PANFIAENT U1 INEIFEFAUINT

10. Tan HS, Pfister WR. Pressure-sensitive adhesives for transdermal drug delivery systems.
PSTT. 1999;2(2):60-9.

11. Ghosh A, Banerjee S, Kaity S, Wong TW. Current pharmaceutical design on adhesive based
transdermal drug delivery systems. Curr Pharm Des. 2015;21.

12. Banerjee S, Chattopadhyay P, Ghosh A, Datta P, Veer V. Aspect of adhesives in transdermal
drug delivery systems. Int J Adhes Adhes. 2014;50:70-84.

13. Feldstein M, Brain K, James V, Walters K. Prediction of percutaneous penetration. STS
Publishing. 1996;4b:56-65.

14. Chalykh AA, Chalykh AE, Novikov MB, Feldstein MM. Pressure-sensitive adhesion in the
blends of poly(N-vinyl pyrrolidone) and poly(ethylene glycol) of disparate chain lengths. J Adhes.
2010;78(8):667-94.

15. Feldstein M. A two-stage mechanism of poly(n-vinyl pyrrolidone) mixing with short-chain
poly(ethylene glycol). Proc Int Symp Control Rel Bioact Mat. 1998;25:848-9.

16. Feldstein M. Peculiarities of glass transition temperature relation to the composition of poly(N-
vinyl pyrrolidone) blends with short chain poly(ethylene glycol). Polymer. 2001;42:7719-26.

17. Lehman K. Aqueous polymeric coatings for pharmaceutical dosage forms. USA: Marcel
Dekker; 1996.

18. Zhao Z, Liu P, Zhang C, Zhu X, Liu W, Li S, et al. Hot-melt pressure-sensitive adhesives
based on SIS-g-PB copolymer for transdermal delivery of hydrophilic drugs. Int J Adhes Adhes.
2019;91:72-6.

19. Myoung Y, Choi H-K. Effects of vehicles and pressure sensitive adhesives on the penetration
of isosorbide dinitrate across the hairless mouse skin. Drug Deliv. 2002;9:121-6.

20. Tombs EL, Nikolaou V, Nurumbetov G, Haddleton DM. Transdermal delivery of ibuprofen
utilizing a novel solvent-free pressure-sensitive adhesive (PSA): TEPI technology. J Pharm Innov.
2018;13(1):48-57.

12



