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INTRODUCTION 

Transdermal drug delivery systems (TDDS), are the 

dosage forms, which are also known as 

“patches”.there designing is done in such a manner 

that therapeutically effective amount of drug is 

delivered across patient’s skin. Transdermal drug 

delivery has been the leading edge over injectables 

and oral routes by enhancing patient compliance and 

bypassing first pass metabolism respectively [1]. 

Nicotine is a tertiary amine derivative composed of a 

pyridine and a pyrrolidine ring. It binds to 

acetylcholine receptors at ganglia and neuromuscular 

junctions and in the brain (Benowitz, 1988). Nicotine 

freely permeates membranes, in its non-ionized 

form, including the buccal mucosa and the blood-

brain barrier. Acting as a weak base, nicotine is less 
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Abstract 

Cigarette smoking has been the leading cause of 

premature death and illness in many industrialized 

country in the world, while the U.S. alone registers more 

than 4,00,000 deaths each year. The nicotine patch 

serves to deliver a constant dose of nicotine across the 

skin that helps to relieve the symptoms which are 

associated with tobacco withdrawal. Further, the use of 

carbon nanotube membranes and micro needle based 

transdermal drug delivery has lead to the great 

advancements. 

Some of the main advantages of transdermal drug 

delivery are bypassing of hepatic first pass metabolism, 

maintenance of steady plasma level of the drug and 

enhancement of therapeutic efficiency. 
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ionized and penetrates membranes more easily in 

alkaline solutions. [2,3] 

 

Structure of skin (Fig.1):  

Skin is the largest organ of the integumentary system 

of the human body. It performs various functions 

like: 

1. It keeps the body and organs intact. 

2. It protects the internal organs from pathogens, 

chemicals, and other external threats. 

3. It acts as a water resistant barrier and 

minimizes the trans-epidermal water loss 

(TEWL). 

4. It regulates the temperature of the body by 

secretion and controls the energy losses by 

radiation, convection, and conduction. 

It acts as a storage center for water and lipids, and 

helps in synthesizing vitamin D.  

 

Figure 1: Transdermal drug delivery and skin 
structure. [4] 

 

Skin mainly consists of three main layers: 

1) Epidermis: It protects the body organs from 

infectious organisms and prevents the 

evaporation of water from the body. Epidermis 

is the outermost layer of the skin, which 

consists of stratified squamous epithelium 

with an underlying basal lamina. It can be 

further divided into five distinct layers, which 

provides barrier resistance to the skin. The five 

layers of the epidermis are arranged in the 

order from top to bottom are stratum 

corneum, stratum lucidum (In palms of hands 

and bottoms of feet), stratum granulosum, 

stratum spinosum and stratum basale. [5] 

 

2) Dermis: It comprises of connective tissues 

and cushions the body from stress and strain. 

It is a 2-3 mm thick layer present beneath the 

epidermis and provides flexible support 

structure to the skin. It has hair follicles, sweat 

glands, sebaceous glands, apocrine glands, 

lymphatic vessels including blood vessels. This 

layer provides the synthesis of collagen and 

elastin. Dermis is tightly linked to the 

epidermis by a basement membrane and helps 

in regulation of temperature, pain and 

pressure in the body. The sense of touch and 

heat to the skin are provided by the nerve 

endings that are present in this layer. 

 
Figure 2:  Various layers of the Epidermis [7] 

 

3) Hypodermis: It consists of subcutaneous 

adipose tissues and mainly acts as a thermal 

barrier. It is the deepest layer of the skin, also 

known as subcutaneous tissue. It includes 

adipose tissue (fat cells), connective tissues, 

macrophages and fibroblasts. [6] 
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Figure 3: Structure of human skin [8] 

 

Pathogenic effects of Nicotine: 

About 4,000 or more chemical entities of tobacco 

smoke, along with the huge arsenal of toxins and 

carcinogens, act as the mediators of multiple 

pathogenic processes. Nicotine, a tertiary amine, 

should by no means be considered an inert molecule. 

For example, nicotine can cause vasoconstriction in 

specific vascular beds but dilatation in others. 

Nicotine can raise the heart rate (by 10–15 

beats/min) and the blood pressure (by 5– 10 mm Hg) 

and can induce pathogenic changes to the 

endothelium that are associated with the 

atherosclerotic mechanism. Although smoking is 

implicated in the development of cancer, nicotine 

itself is not carcinogenic, unless it undergoes 

nitrosation to form nitrosamines (a mechanism 

known to occur during tobacco curing and 

combustion). The need remains for further studies on 

the pathogenic potential of nicotine. [9-13] 

 

Components of a transdermal patch: 

Transdermal patch may consist of the following 

components: 

1. Liner -It protects the patch during storage. It 

is removed prior to use. 

2. Drug - Drug solution is in direct contact with 

release liner. 

3. Adhesive -It serve to adhere the components 

of the patch together along with       adhering 

the patch to the skin. 

4. Membrane -It is used to control the release 

of the drug from the reservoir and multi-layer 

patches. 

5. Backing -It protects the patch from the outer 

environment. [14-16] 

 

Types of transdermal patches 

 There are mainly five types of transdermal patches 

listed below: 

1. Single-layer Drug-in-Adhesive: The 

adhesive layer of this system is also provided 

with the drug. The adhesive layer is 

responsible for adhering the various layers 

together, along with the release of drug. The 

adhesive layer is further surrounded by a 

temporary liner and a backing. 

2. Multi-layer Drug-in-Adhesive: The multi-

layer drug-in adhesive patch has a close 

similarity with single-layer system in that 

,both adhesive layers are responsible for the 
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release of the drug. The multi-layer system has 

additional layer of drug-in-adhesive, that is 

usually separated by a membrane (in many 

cases). This type of patch also has a permanent 

backing   associated with the temporary liner 

layer. 

3. Drug Reservoir-In-Adhesive: Unlike the 

Single-layer and Multi-layer Drug-in adhesive 

systems the drug reservoir–in-adhesive system 

has a separate drug layer. The drug layer is in 

the form of drug solution or suspension that 

has been separated by the adhesive layer. 

Backing layer is also provided with this patch. 

Zero order kinetics is followed in this type of 

system. 

4. Drug Matrix-In-Adhesive: In this type of 

transdermal patch, the Matrix system is 

associated with a drug layer which is in the 

form of semisolid matrix containing a drug 

solution or suspension. The adhesive layer in 

this patch surrounds the drug layer partially 

overlaying it. 

5. Vapour Patch: The vapour patch performs 

basically two functions, first one is to adhere 

the various layers and the second one is to 

release vapour. The vapour patches have been 

introduced recently in the market and 

essential oils are released from them for up to 

6 hours, due to this property,the vapour 

patches are used in cases of decongestion 

mainly. Controller vapour patches are also 

present in the market that improve the quality 

of sleep. In the market there is also availability 

of Vapour patches that have been required to  

reduce the quantity of cigarettes . [17-19] 

 

Use of transdermal patch 

Transdermal patches are used when:  

1. When side effects are intolerable (including 

constipation) in the patient and who is finding 

difficulty in oral medication (dysphagia). 

2. Where the pain control might be improved by 

suitable administration. This might be useful 

in patients suffering from cognitive 

impairment or those who for other reasons are 

not able to self-medicate with their analgesia. 

3. It produces synergistic effects when used in 

combination with other enhancement 

strategies. [20] 

 

Unfavorable condition for transdermal patch 

used: 

1. When there is acute pain condition. 

2. Where rapid dose titration is required. 

3. Where requirement of dose is equal to or less 

then 30 mg/24 hrs.  

 

Care taken while using transdermal patch: 

1. The part of the skin should be properly cleaned 

where the patch is to be applied. 

2. The system of patch should be free from cut 

because the drug delivery system is destroyed 

by the cut in the patch. 

3. Before applying a new patch it should me 

made clear enough that the old patch is 

removed from the site. 

4. Patch should be applied and removed carefully 

because the persons handling the patch can 

absorb the drug from the patch. 

5. There should be accurate application of patch 

to the site of administration  

 

Factors influencing transdermal delivery: 

1. Medicament release from the vehicle. 

2. The extent of penetration through the skin 

barrier. 

3. Pharmacological response activation. [21] 

 

Recent advancements in transdermal drug 

delivery: 
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1) Carbon Nanotube Membranes: Recently, a 

novel skin patch tool for the delivery of the nicotine 

was developed by Dr. Hinds and his colleagues which 

were basically based on the technology in which 

Carbon nanotubes (CNT) of approximate diameter 2-

6.5 nm are aligned in such a way to form an active 

layer in a solid film of polymer. During the process 

both ends Carbon nanotubes are adapted in such a 

way that by mere applying and removing the electric 

current the cross-linking can be opened or closed. 

In his research, Dr. Hinds had shown that when the 

carbon nanotubes are in the patch are arranged in 

the open condition, molecules having small 

molecular weight can be pumped through the patch 

atleast five times quicker. So, the CNT patch can also 

be considered as system for the delivery of the drug 

or nicotine that can be controlled by the physician or 

the user in order to obtain the comparable plasma 

levels of nicotine as associated with the cigarette 

smoking and then allowed to return to the normal 

levels slowly by closing the CNT ends by removing 

the electric current. Besides the controlled 

transdermal delivery of the Nicotine, the CNT patch 

can also be used for other skin absorbable drugs. [22] 

 

2) Microneedle-Based Transdermal Drug 

Delivery System: Transdermal drug delivery 

involves the passing of pharmaceutical compound 

across the dermis of the skin for subsequent systemic 

distribution. Strictly, this does not only include the 

more commonly understood “patch”, but also most 

common subcutaneous administration by means of a 

hypodermic needle and a syringe. Common to all 

methods of transdermal drug delivery, in its broader 

definition, is that there is passing of drug through an 

artificial route into the body. The most important 

advantage of this approach is that the drug is 

released into the body undistorted without passing 

the body’s various defense systems. In contrast to 

oral administration, the most easiest way of drug 

administration, the transdermal route does not suffer 

from drug degradation in the gastrointestinal tract 

and decreased potency through first-pass metabolism 

(i.e. in the liver). Further, the oral-specific side-

effects, such as liver damages, are avoided, which are 

common with the drugs like estradiol (estrogen) [23] 

or paracetamol. [24] 

 

Permeation enhancers mechanical methods: 

The various classes of active systems under 

development include iontophoresis, electroporation, 

micro needles, Abrasion, needle-less injection, 

suction, stretching, ultrasound, magnetophoresis, 

radio frequency, lasers, photomechanical waves, and 

temperature manipulation. 

Some most commonly employed techniques include 

the following. 

 

1. Iontophoresis: In this method, low level 

electric current are applied either directly to 

the skin or indirectly via suitable dosage 

form in order to enhance the  permeation 

efficiency of a topically applied therapeutic 

agent.[25-28] Increased drug permeation 

through this methodology can be attributed 

to either one or a combination of the 

following mechanisms: Electro-repulsion (for 

charged solutes), electro-osmosis (for 

uncharged solutes) and electro-pertubation 

(for both charged and uncharged). 

2. Electroporation: In this method, the 

application of high voltage pulses to the skin 

that has been suggested to induce the 

formation of transient pores. In this process, 

there is frequent application of high voltages 

(100 V) and short treatment durations 

(milliseconds). Electroporation has been 

successfully employed in the enhancement of 

the skin permeability of molecules that are 

having differing lipophilicity and size (i.e. 

small molecules, proteins etc.) along with the 
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biopharmaceuticals (molecular weights 

greater than 7kDA). 

3. Microneedle-Based Devices: The first 

microneedle based system was, described in 

1976, which consist of a drug reservoir and a 

plurality of projections (micro needles 50 to 

100 mm long) and extends from the 

reservoir, which penetrated the stratum 

corneum and epidermis for delivering the 

drug moiety. [29] 

4. Skin Abrasion: In this technique, the 

upper layers of the skin is directly removed 

or disrupted, so that it easily helps in 

permeation of topically applied 

medicaments. There are also some devices 

that are based on techniques which are 

employed by dermatologists for superficial 

skin resurfacing (e.g. microdermabrasion) 

that have use in the treatment of acne, scars, 

hyper pigmentation and other skin 

blemishes. 

5. Needle-Less Injection: In this 

transdermal delivery system, the liquid or 

solid particles are fired at supersonic speeds 

through the outer layers of the skin using a 

reliable energy source for delivering the 

drug. The mechanism is basically, forcing 

compressed gas (helium) via a nozzle, such 

that the resultant drug particles entrained 

within the jet flow that travels at sufficient 

velocity for skin penetration. 

6. Ultrasound (Sonophoresis and 

Phonophoresis): In this technique, there 

is requirement of ultrasonic energy, to 

increase the transdermal delivery of solutes. 

Low frequency ultrasound (55 kHz) is 

required for an time duration of 15 sec, leads 

to the enhancement of the skin’s 

permeability. [30] 

7. Laser Radiation: In this technique, skin is 

exposed to direct and controlled laser beam 

that results in the ablation of the stratum 

corneum without significantly affecting the 

underlying epidermis. Stratum corneum has 

been removed efficiently by this method that 

has led to the enhancement of the delivery of 

lipophilic and hydrophilic drugs. [31] 

 

Advantages of transdermal drug delivery: 

1. Reduction of dosing frequency, due to longer 

duration of action. 

2. It is convenient in administration of the drugs. 

3. It has lead to improved bioavailability. 

4. It provides more uniform plasma levels. 

5. Side effects have been reduced significantly 

and improved therapy due to maintenance of 

plasma levels up to the end of the dosing 

interval. 

6.  Drug administration can be easily terminated 

by simply removing the patch from the skin. 

7. It has lead to the improved patient compliance 

and comfort through non-invasive, painless 

and simple application. 

 

DISADVANTAGES OF TRANSDERMAL DRUG 

DELIVERY: 

1. There is possibility of local irritation at the site 

of application. 

2. There may be problem of Erythema, itching, 

and local edema due to the drug, the adhesive, 

or other excipients in the formulation of a 

patch .[32] 

 

Table 1: Commercially available transdermal 
patches of nicotine [33] 

 

DRUG TRADE NAME PURPOSE 

Nicotine Nicorette Smoking cessation 

Nicotine Nicotrol Smoking cessation 

 
 

 

 

 Int. J. Drug Dev. & Res., April-June 2011, 3 (2): 01-08 
Covered in Scopus & Embase, Elsevier 

 6 

R
e

v
i
e

w
 P

a
p

e
r

 
C

o
v

e
r

e
d

 i
n

 O
f
f
i
c

i
a

l
 P

r
o

d
u

c
t
 o

f
 E

l
s

e
v

i
e

r
, T

h
e

 N
e

t
h

e
r

l
a

n
d

s
 

Saurabh Ravi et al: Transdermal drug delivery of Nicotine 

  
 



REFERENCES: 

1) Roberts M S.Targeted drug delivery to the skin and 

deeper tissues,role of physiology, solute structure 

and disease. Clin Exp Pharmacol Physiol 1997; 

24(11):874-879. 

2) Meekin TN, Wilson RF, Scott DA, Ide M, Palmer 

RM. Laser Doppler flowmeter measurement of 

relative gingival and forehead skin blood flow in 

light and heavy smokers during and after smoking. 

J Clin Periodontol 2000; 27(4): 236–242.  

3) Benowitz NL, Gourlay SG. Cardiovascular toxicity of 

nicotine, implications for nicotine replacement 

therapy. J Am Coll Cardiol 1997; 29(7): 1422–1431.  

4) Amanda MBall and Kelly MSmith.Optimizing 

transdermal drug therapy:1338. 

5) Karande. P. Rational and Combinatorial Design 

Strategies for Transdermal Formulation Discovery, 

Ph.D. Thesis, Chemical Engineering, California 

University, Santa Barbara(2006)10-11 

6) Benowitz NL. Pharmacologic aspects of cigarette 

smoking and nicotine addiction. New Engl J Med 

1988; 20: 1318–1330. 

7) Rachakonda VK. Effective screening of chemical 

penetration enhancers for transdermal drug 

delivery, M.Sc. Thesis, Andhra University(2008) 12 

8)  Rachakonda VK. Effective screening of chemical 

penetration enhancers for transdermal drug 

delivery, M.Sc. Thesis, Andhra University(2008) 11  

9) Benowitz NL. Clinical pharmacology of nicotine. 

Annu Rev Med 1986; 37: 21–32. 

10) Dempsey DA, Benowitz NL. Risks and benefits of 

nicotine to aid smoking cessation n pregnancy. 

Drug Saf  2001; 24(4): 277–322. 

11) Ramesh G, Vamshi Vishnu Y, Kishan V and 

Madhusudan Rao Y. Development of nitrendipine 

transdermal patches, in vitro and ex vivo 

characterization. Current Drug Del 2007; 4: 69-76. 

12) Shin S and Lee H. Enhanced transdermal delivery of 

triprolidine from the ethylene-vinyl acetate matrix. 

Eur. J. Pharm. Biopharm 2002; 54: 161-164. 

13) Sweetman S.C. Martindale – The Complete Drug 

Reference, 34th edi, Pharmaceutical Press, London 

(U.K) 2005: 1055. 

14) Panchangula R, Salve PS, Thomas NS, Jain AK and 

Ramarao P. Transdermal delivery of naloxone, 

effect of water, propylene glycol, ethanol and their 

binary combinations on permeation through rat 

skin. Int. J. Pharm. 2001; 219: 95-105. 

15) Manvi FV, Dandagi PM, Gada AP, Mastiholimath 

VS and Jagadeesh T. Formulation of a transdermal 

drug delivery system of ketotifen fumarate. Indian 

J. Pharm. Sci.2003; 65(3): 239-43. 

16) Mollgaard B and Hoelgaard A.Permeation of 

estradiol through the skin-effect of vehicles. Acta 

Pharm. Suec.1983; 20: 443-450.  

17) Transdermal Drug Delivery Systems : A Review  by 

Girish Chopda 

http://www.pharmainfo.net/reviews/transdermal-

drug-delivery-systems-review 

18) Arcangelo , Virginia P, Peterson, Andrew 

M..Pharmacotherapeutics for Advanced Practice, 

Published by Lippincott Williams & Wilkins, 2005, 

pp 74.  

19) Elling, Bob, Elling, Kirsten M Rothenberg, Mikel 

A.Why-Driven EMS Enrichment Published by 

Thomson Delmar Learning, 2001,pp 103.  

20) Banker GS and Rhodes CT .Modern pharmaceutics, 

third edition, New York, Marcel Dekker, inc,1990. 

21) Strasinger CL, Scheff NN, J Wu, Hinds BJ and 

Stinchcomb AL. Carbon Nanotube Membranes for 

use in the Transdermal Treatment of Nicotine 

Addiction and Opioid Withdrawal Symptoms. 

Substance Abuse,Research and Treatment. 2009; 3: 

31-39. 

22) Cramer MP and Saks S.R. Translating safety, 

efficacy and compliance into economic value for 

controlled release dosage forms. Pharmaco 

Economics.1994;    5: 482–504. 

23) Sheen CL, Dillon JF, Bateman DN, Simpson KJ and 

Macdonald TM. Paracetamol toxicity,epidemiology, 

prevention and costs to the health-care system,” 

QJM. 2002; 95(9): 609–619. 

24) Wang Y, Allen LV, Li C, Tu Y. Iontophoresis of 

hydrocortisone across hairless mouse skin, 

investigation of skin alteration. J Pharm Sci 1993; 

82: 1140-1144. 

25) Turner NG, Kalia YN, Guy RH. The effect of current 

on skin barrier function in vivo, recovery kinetics 

post iontophoresis. Pharm Res 1997; 14: 1252-1255. 

 Int. J. Drug Dev. & Res., April-June 2011, 3 (2): 01-08 
Covered in Scopus & Embase, Elsevier 

 7 

R
e

v
i
e

w
 P

a
p

e
r

 
C

o
v

e
r

e
d

 i
n

 O
f
f
i
c

i
a

l
 P

r
o

d
u

c
t
 o

f
 E

l
s

e
v

i
e

r
, T

h
e

 N
e

t
h

e
r

l
a

n
d

s
 

Saurabh Ravi et al: Transdermal drug delivery of Nicotine 

  
 



26) Banga AK, Bose S, Ghosh TK. Iontophoresis and 

electroporation: comparisons and contrasts. Int J 

Pharm 1999; 179: 1-19. 

27) Guy RH, Kalia YN, Delgado-Charro MB, Merino V, 

López A, Marro D. Iontophoresis: electrorepulsion 

and electroosmosis. J Control Rel 2000; 64: 129-

132. 

28)  Gerstel MS, Place VA. Drug delivery device. Patent 

1976, Serial Number US (3),964-482. 

29) Kost J, Katz N, Shapiro D, Herrmann T, Kellog S, 

Warner N, et al. Ultrasound skin permeation pre-

treatment to accelerate the onset of topical 

anaesthesia. Proc Inter Symp Bioact Mater.2003. 

30) Jacques SL, McAuliffe DJ, Blank IH, Parrish JA. 

Controlled removal of human stratum corneum by 

pulsed laser to enhance percutaneous transport. 

Patent 1988; Serial Number US 4775: 361. 

31) Robinson JR and Lee HL. Controlled Drug Delivery 

Fundamentals and Applications 2nd edi, Marcel 

Dekker, New York. 1987; 524-552. 

32) Aquil M, SultanaY. and Ali A. Matrix type 

transdermal drug delivery systems of metoprolol 

tartrate,In vitro characterization. Acta Pharm, 

2003; 53(2): 119-125. 

33) Singh J, Tripathi KP and Sakia TR. Effect of 

penetration enhancers on the in vitro transport of 

ephedrine through rat skin and human epidermis 

from matrix based transdermal formulations. Drug 

Dev Ind. Pharm 1993; 19: 1623-1628. 

 Int. J. Drug Dev. & Res., April-June 2011, 3 (2): 01-08 
Covered in Scopus & Embase, Elsevier 

 8 

R
e

v
i
e

w
 P

a
p

e
r

 
C

o
v

e
r

e
d

 i
n

 O
f
f
i
c

i
a

l
 P

r
o

d
u

c
t
 o

f
 E

l
s

e
v

i
e

r
, T

h
e

 N
e

t
h

e
r

l
a

n
d

s
 

Saurabh Ravi et al: Transdermal drug delivery of Nicotine 

  
 


