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Abstract:  

At present, the most common form of delivery of drugs is the oral route. While this has the 

notable advantage of easy administration, it also has significant drawbacks namely poor 

bioavailability due to hepatic metabolism (first pass) and the tendency to produce rapid blood 

level spikes (both high and low), leading to a need for high and/or frequent dosing, which can be 

both cost prohibitive and inconvenient. New drug delivery system are also essential for the 

delivery of novel , genetically engineered pharmaceuticals (i.e. Peptides, Proteins) to their site of 

action, without incurring significant immunogenecity or biological inactivation. One of the 

methods most often utilized has been transdermal delivery meaning transport of therapeutic 

substances through the skin for systemic effect. Several new techniques have recently been 

developed which reduce the barrier properties of the stratum corneum and as a result 

significantly enhance the skin permeation of drugs. Iontophoresis is a process of transportation of 

ionic molecules into the tissues by passage of electric current through the electrolyte solution 

containing the ionic molecules using a suitable electrode polarity. Transdermal Iontophoresis 

should be called electrically assisted transdermal delivery. 
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INTRODUCTION:  

Transdermal drug delivery system 

istopically administered medicaments in the 

form of patches that deliver drugs for 

systemic effects at a predetermined and 

controlled rate. A transdermal drug delivery 

device, which may be of an active or a 

passive design, is a device which provides 

an alternative route for administering 

medication. These devices allow for 

pharmaceuticals to be delivered across the 

skin barrier. In theory, transdermal patches 

work very simply.
1
A drug is applied in a 

relatively high dosage to the inside of a 

patch, which is worn on the skin for an 

extended period of time. Through a 

diffusion process, the drug enters the 

bloodstream directly through the skin. Since 

there is high concentration on the patch and 

low concentration in the blood, the drug will 

keep diffusing into the blood for a long 

period of time, maintaining the constant 

concentration of drug in the blood flow.
2
 

 

CONDITIONS IN WHICH 

TRANSDERMAL PATCHES ARE 

USED:
 

Transdermal patch is used when:
3 
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(1) When the patient has intolerable side 

effects (including constipation) and who is 

unable to take oral medication (dysphagia) 

and is requesting an alternative method of 

drug delivery.  

(2) Where the pain control might be 

improved by reliable administration. This 

might be useful in patients with cognitive 

impairment or those who for other reasons 

are not able to self-medicate with their 

analgesia.  

(3) It can be used in combination with other 

enhancement strategies to produce 

synergistic effects.  

Conditions in which Transdermal Patches 

are not used:
4 

(1)Cure for acute pain is required.  

(2) Where rapid dose titration is required.  

(3) Where requirement of dose is equal to or 

less than 30 mg/24 hrs. 

TRANSDERMAL DELIVERY: NEW 

APPROACHES:
5
 

Several new techniques have recently been 

developed which reduce the barrier 

properties of the stratum corneum and as a 

result significantly enhance the skin 

permeation of drugs. Potential approaches 

used in overcoming the skin barrier 

properties are as follows:- 

Physical Approaches 

1. Iontophoresis. 

2. Ultrasound. 

3. Thermal Energy. 

4. Stripping of Stratum Corneum. 

5. Hydration of Stratum Corneum. 

Chemical Approaches 

1. Delipidisation of Stratum Corneum. 

2. Synthesis of lipophilic analog. 

3. Co-administration of cutaneous 

enzyme inhibitor. 

Biochemical Approaches 

1. Synthesis of bioconvertible prodrugs. 

2. Co-administration of cutaneous 

enzyme inhibitor. 

 

Mechanism of Action of Transdermal 

Patch:
6
 

The application of the transdermal patch and 

the flow of the active drug constituent from 

the patch to the circulatory system via skin 

occur through various methods. 

1. Iontophoresis 

2. Electroporation 

3. Application by ultrasound 

4. Use of microscopic projection 

IONTOPHORESIS:
7 

Different investigators have given different 

definitions because one simple definition 

cannot explain all the mechanisms involved. 

But for the sake of simplicity, 

"Iontophoresis is a process of transportation 

of ionic molecules into the tissues by 

passage of electric current through the 

electrolyte solution containing the ionic 

molecules using a suitable electrode 

polarity." This means it would involve an 

electromotive force. In the body, ions with a 

positive charge (+) are driven into the skin 

at the anode and those with negative charge 

(-) at the cathode. Iontophoresis is 

sometimes confused with electrophoresis 

and electro-osmosis, the former involving 

movement of the colloid (dispersed phase) 

and the latter involving the liquid 

(dispersion medium), which are quite 

different. Iontophoresis may however cause 

an increased transport of method of 

penetration of non-electrolytes through 

tissues (Figure 1). 
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Figure 1.  Iontophoresis- penetration of non-electrolytes through tissues 

Iontophoresis Overview: 

Iontophoresis is the method where the 

movements of ions across a membrane 

enhanced using an externally applied 

potential difference. When the membrane 

under consideration is skin, the method is 

called transdermal iontophoresis. The 

principle barrier to the transport of the 

molecules into an across the skin is stratum 

corneum (SC), this is the uppermost layer of 

the epidermis with a thickness of between 

10-100 µm. The SC consists of several 

layers of corneocytes (a nucleate keratin 

filled cells) inlaid in a lipid matrix, a 

continuous medium through the SC, 

arranged mainly in bilayers.
8
The 

intercellular lipids consist of approximately 

equal quantities of ceramides, cholesterols 

and free fatty acids.Percutaneous absorption 

may take place simultaneously by any 

combination of the three main pathways that 

include; the intercellular (paracellular) 

pathway between the conneocytes along the 

lamellar lipids, the intracellular 

(transcellular) pathway through the cells or 

the appendageal (shunt) Pathway via hair 

follicles, sweat ducts and secretory glands.
9
 

Ions prefer the routes of the least electrical 

resistance; in the SC this is believed to be 

via the pores. Some investigations indicate 

that these pores are sweat glands
10

others that 

transport occurs through both hair follicle 

and sweat glands.
11

The physicochemical 

properties of the molecules have an effect on 

the contribution of the follicular and non 

follicular routes of penetration. Hydrophilic 

molecules tend to localize in the hair 

follicles, whereas lipophilic molecules are 

mostly distributed in the lipid intercellular 

regions of the SC and the lipid membranes 

of the epidermal keratinocytes.
12

Since 

passive transdermal permeation of the 

majority of the drugs needs enhancement to 

achieve clinically relevant plasma 

concentrations, both chemical and physical 

enhancement methods have been developed. 

Iontophoresis is one of the physical 

methods. 

In iontophoresis, cationic or neutral 

therapeutic agents are placed under an anode 

or anionic therapeutic agents under a 

cathode. When a low voltage and low 

current density is applied, according to 

simple electro repulsion, ions are repelled 

into and through the skin. Cationic drugs are 

driven into and through the skin by the 

anode (active electrode), which also extracts 

anion from the tissue underneath the skin 
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into the anode. At the cathode (return 

electrode) anionic buffer ions are driven into 

the skin and cations from the tissues are 

extracted into the cathode. It is also possible 

to include an additional charged drug in the 

return electrode to be delivered 

simultaneously or to use a mixture of drugs 

in the active electrode to enhance the desired 

effect or to increase skin permeation, 

depending on which drugs/molecules are 

used.
13,14 

More formally, transdermal iontophoresis 

should be called electrically assisted 

transdermal delivery. There are three major 

enhancing mechanisms for drug flux 

through the skin, of which iontophoresis 

(also known as electrorepulsion, or 

electromigration or the Nernst-Planck effect) 

is just one. The other mechanisms are 

electoroosmotic flowand current induced 

increase in skin permeation, also known as 

damage effect.
15-20

Electroosmotic flow is a 

flux or bulk fluid induced by a voltage 

difference across a charged membrane; it is 

always in the same direction as the flow of 

counter ions. Since human skin is negatively 

charged under physiological conditions, the 

counter ions are cations and the 

electroosmotic flow is thus from anode to 

cathode. Therefore, the cathodic delivery of 

anions is hindered and the anodic delivery of 

cations is assisted by electroosmosis. 

The improved movement of neutral 

molecules under iontophoresis is based on 

electroosmosis. Ions are influenced by all of 

the above mechanisms so that 

electroosmosis has a positive contribution to 

the transport of cations and a negative 

contribution to the transport of anions under 

normal physiological conditions. The impact 

of electroosmosis on ion transfer increases 

with the size of the ion. 
21

The contribution 

of electroosmosis can be so significant that 

the delivery of large anion from the anodic 

compartment can be more efficient than 

delivery from cathode, this is called wrong-

way iontophoresis.
18

 The electrorepulsion 

effect gives the largest enhancement to the 

flux of small lipophilic cations.
22

 When the 

concentration of the ionic drug is very high, 

so that the drug carries most of the current, 

electroosmotic flow has a very small effect 

on the drug flux.
16

Transdermal 

iontophoresis has been used for both local 

and systemic drug delivery. Applications 

include local delivery of anaesthetics (e.g. 

lidocaine),
23

steroids and retinoids to treat 

acne scarring 
24

 for the relief of palmar and 

plantar hyperhidrosis,
25

 and the 

administration of pilocarpine in the 

diagnosis of cystic fibrosis.
26-28

Other 

applications of transdermal iontophoresis 

include the administration of 

antiinflammatory drugs e.g. ketoprofen in to 

subcutaneous tissues and 

joints.
29

Iontophoretic delivery of several 

systemic drugs is still under investigation. 

These include the analgesic, fentanyl,
 30

a 

reversible cholinesterase inhibitor, tacrine 

III and several formulations of insulin. The 

symmetrical nature of iontophoresis, where 

ions are driven both into and out of the 

body, has been utilized for extracting 

information from the body without the need 

for blood sampling.
21,31-34 

The method of iontophoresis was described 

by Pivati in 1747. Galvani and Vota two 

well known scientists working in the 18
th

 

century combined the knowledge that the 

electricity can move different metal ions and 

the movement of the ions produce 

electricity. The method of administering 

pharmacological agents by iontophoresis 

became popular at the beginning of 20
th

 

century due to the work of Leduc (1900) 

who introduced the term iontotherapy and 

formulated the laws for this process.
35

 

 

CRITERIA FOR IONTOPHORESIS: 

There are some very important rules that 

have to be followed when doing 

iontophoresis;
36
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1. The selected molecule must be 

ionised into positive and negative 

components and be maintained as 

ions during the treatment.  

2. The size of the ion is important. For 

example even though a complex 

protein like collagen may be possible 

to ionise, the size of the important 

ion of collagen is so large that it 

cannot be transported through skin.  

3. There is a limit to the number of 

polar substances that can be used 

simultaneously. We believe that 

during iontophoresis "pores" open up 

through membranes and the charged 

particles can move through them. If 

there are too many charged particles 

then the "pores" may be "blocked" 

by the crowd of ions converging all 

at once.  

4. The ion must be water-soluble 

because electricity is only conducted 

through water and not lipids.  

5. The pH of the active gel is of 

fundamental importance. The right 

ingredient at the right concentration 

won't work properly if the pH is 

wrong. Each ion has it's own ideal 

pH at which it will be ionised best.  

6. The current used must be 

appropriate.  

7. The current used should be high 

enough to be effective and still safe. 

The higher the current, the faster the 

ions will move.  

8. Intermittent current works better than 

continuous current because as the ion 

moves into the skin it will react with 

other chemicals and needs to be re-

ionised.  

9. The treatment period should be at 

least 10 minutes and probably not 

longer than 30 minutes. Most of the 

ions pass through the skin at about 8 

to 15 minutes and then relatively 

little passes through after 30 minutes.  

10. It is possible, maybe even highly 

desirable to treat skin with only one 

polarity. It is not necessary to treat 

the skin with the opposite current 

after doing the active treatment. 

 

Advantages:
37

 

1. Topical patches are a painless, 

noninvasive way to deliver 

substances directly into the body. 

2. Topical patches are a better way to 

deliver substances that are 

brokendown by the stomach acids, 

not well-absorbed from the gut, 

orextensively degraded by the liver. 

3. Topical patches over a controlled, 

steady delivery of medication over 

longperiods of time. 

4. Topical patches have fewer side 

effects than oral medications or 

supplements. 

5. Topical patches are easier to use and 

remember. 

6. Topical patches over an alternative 

to people who cannot, or prefer not 

to take medications or supplements 

orally. 

7. Topical patches are cost-effective. 

8. People prefer topical patches. 

9. TDDS of many ionized drug at 

therapeutic levels was precluded by 

their slow rate of diffusion under a 

concentration graduation, but 

iontophoresis enhanced flux of ionic 

drugs across skin under electrical 

potential gradient.
38

 

10. Permit a rapid termination of the 

modification, if needed, by simply 

by stopping drug input from the 

iontophoretic delivery system.
39

 

11. It is important in systemic delivery 

of peptide/protein based 

pharmaceuticals, which are very 

potent, extremely short acting and 

often require delivery in a circadian 

pattern to simulate physiological 
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rhythm, eg. Thyrotropin releasing 

hormone, somatotropine, tissue 

plasminogen activates, inter ferons, 

enkaphaline, etc. 
40

 

12. A constant current iontophoretic 

system automatically adjust the 

magnitude of the electric potential 

across skin which is directly 

proportional to rate of drug delivery 

and therefore, intra and inter-subject 

variability in drug delivery rate is 

substantially reduced. Thus, 

minimize inter and intra-patient 

variation.
41

 

13. Iontophoresis turned over control of 

local anesthesia delivery in reducing 

the pain of needle insertion for local 

anesthesia. 
42

 

14. Iontophoretic delivery prevents 

contamination of drugs reservoir for 

extended period of time.
43

 

15. By minimizing the side effects, 

lowering the complexity of treatment 

and removing the need for a care to 

action, iontophoretic delivery 

improve adherence to therapy for the 

control of hypertension.
44

 

 

Limitations: 

 

1. Iontophoretic delivery is limited 

clinically to those applications for 

which a brief drug delivery period is 

adequate.
45

 

2. An excessive current density usually 

results in pain.
 45

 

3. This change in pH may cause the 

sweat duct plugging perhaps 

precipitate protein in the ducts, 

themselves or cosmetically 

hyperhydrate the tissue surrounding 

the ducts.
45

 

4. Burns are caused by electrolyte 

changes within the tissues.
46

 

5. The safe current density varies with 

the size of electrodes.
46

 

6. High molecular weight 8000-12000 

results in a very uncertain rate of 

delivery.
46

 

7. The high current density and time of 

application would generate extreme 

pH, resulting in a chemical burn.
47

 

8. Electric shocks may cause by high 

current density at the skin surface.
47

 

9. Possibility of cardiac arrest due to 

excessive current passing through 

heart.
43

 

10. Ionic form of drug in sufficient 

concentration is necessary for 

iontophoretic 

delivery.
43

 

FACTORS INFLUENCING 

IONTOPHORETIC DRUG DELIVERY 

SYSTEM: 

PHYSICO-CHEMICAL 

PARAMETERS:
 47

 

The movement of drug ions across the skin 

is dependent not only the magnitude of 

apparent electric field, but also upon the 

concentration of solution, the molecular size 

of drug to be passed, as well as charge and 

valence of ion. 

pH: 

The iontophoretic drug delivery rate is 

dependent on the ionic form of drug 

delivery, which is extremely effected by the 

pH of the system, when the skin is 

maintained at a negative charge by exposing 

the solution with pH 4 or higher, it facilitate 

the transdermal delivery of cationic drugs. 

Species variation:  

The wide differences in physical 

characteristics such as appendages per unit 

area, thickness and structural changes 

between human and laboratory rodent 

display a variation in penetration of drugs 

The average penetration of drugs is in order 

of rabbit > rat > guineas pig > human. 

Human skin is very much less permeable 
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than other rodents but iontophoretic delivery 

of drug is 7-fold greater in human skin 

consists of greater negative charge/or greater 

area fraction of negative pores.
 

 

Concentration: 
The concentration dependent iontophoretic 

delivery has not been fully investigated, 

some of the authors reported that as the 

concentration of drugs viz. Hydromorphones  

and acetate ions increase in reservoir system 

then permeation of drug also increases. The 

iontopheric delivery of insulin does not 

effected by the reservoir concentration at the 

current range of 0.2 – 0.8 MA.  

Buffer Systems: 

Buffer systems also affect the permeation of 

drugs by iontophoresis. It is important to 

optimize the concentration of buffer species 

in the system and should be sufficiently high 

to maintain good buffer capacity but should 

not reach an extent such that the current is 

mostly carried by the buffer species instead 

of drug special which may result the low 

efficiency of iontophoretic permeation. 

Ionic Strength:     

The ionic strength of a drug delivery system 

is directly related to the iontophoretic 

permeation of drugs. Some authors reported 

that increasingly the ionic strength of the 

system decreases the permeation rate of and 

has no significant effect on penetration up to 

the 0.5. 

Electrodes: 

The electrode materials used for 

iontophoretic delivery are to be harmless to 

the body and sufficiently flexible to apply 

closely to the body surface. The most 

common electrodes are aluminum foil, 

platinum and silver/silver chloride 

electrodes used for iontophoretic drug 

delivery. A better choice of electrode is 

silver/silver chloride because it minimizes 

electrolysis of water during drug delivery. 

ELECTRICAL PARAMETERS: 

The extent of charged molecules, which may 

penetrate through the skin, are 

theoretically proportional to the intensity of 

current and the duration of treatment 

for a transdermal iontophoretic delivery. The 

relationship between the drug delivery rate 

(D) and current (I) follows the given 

question: 

D = It M/Zf 

Where, t is the fraction of current carried by 

drug ions or transference number, M is the 

molecular weight of drug ion, Z is the 

molecular charge per drug ion and F is 

Faraday’s constant.
49-50 

Voltage: 

The ionic flux due to an applied voltage 

drop across a membrane is based on 

the fundamental thermodynamic properties 

of the system. The diffusion of drug 

during iontophoresis follows Nernst-Plank 

equation. It states that the flux of 

the ionic drug due to applied electric filed is 

directly proportional to the 

voltage drop and charge of the ion. The 

enhancement factor for hairless mouse skin 

showed good agreement up to 0.5 volts and 

significantly higher at 1.0 volt due to skin 

damage but it is up to 0.25 V.
51 

Resistance: 

The electrical resistance of the skin varies 

widely with iontophoretic drug 

delivery. The resistance of the skin during 

iontophoretic application was much 

lower on sweat pores, especially when they 

discharge sweat. A slight 

fall in resistance occurs when electrode was 

interested in to the epidermis.
52

 

Frequency/Impedance: 
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The frequency of the applied current charges 

especially in man, 

variability of frequency dependent 

impedance of human skin ranges from 10 

KHzs 

to 100 Khzs. The impedance of the skin 

decreases at higher frequencies less 

time is available to accumulate the charge 

on the skin surface during an applied 

pulse. The iontophoretic delivery of insulin 

decreases with increasing 

the frequency in the range of 50-2000 Hzs. 

The theoretical relationship between 

impedance of skin and frequency follows 

this equation:
49,53

 

1/ZT = 1/ZR + 1/ZC  

On/Off Ratio: 

The on/off ratio of electricity effects the 

relative proportion of polarization 

and depolarization of skin, which results the 

efficiency of transdermal iontophoretic 

drug delivery. The number of on/off cycles 

in each second is shown as frequency. 

For example the on/off ration 1:1 at 

frequency 2000 Hzs (0.5 ms/cycle) provides 

0.25 ms depolarization period and same time 

for the polarization.
49,53 

OPERATIONAL PARAMETERS: 

The transport of drug delivery depends on 

the duration of current applied in 

iontophoretic drug delivery.
56

The 

iontophoretic penetration of drug linearly 

increased with increasing application time. 
58

 The skin permeation of arginine 

vasopressin achieves higher plateau rate and 

in case of insulin delivery, 2-3 fold reduced 

the blood glucose levels with increase in 

duration of iontophoretic application.
31

 

Mode of Current: 

Direct current (DC) iontophoretic dosing of 

drug inevitably develops a skin polarization 

potential, which reduce the efficiency of 

iontophoretic delivery and cause skin 

irritation, burning and redness. But pulsed 

DC dosing pattern is effective for drug 

transport, the same time average voltage 

because it faces lower skin resistance in 

comparison to simple DC application in flux 

enhancement.
53

 

IONTOPHORETIC DEVICES:
7
 

The main manufacturing concerns as in any 

equipment should include safety, 

convenience, reliability and reproducibility 

of the device. The iontophoretic device 

mainly consists of two parts components of 

the equipment are:  

a. Electrical Circuit. 

b. Electrodes. 

1. DC power supply  

2. A milliammeter  

3. A timer  

4. A rheostat  

5. The 2 electrodes +ve and –

ve.  

An iontophoretic device comprises a power 

source and two electrode compartments. The 

drug formulation (D
+
A

-
) containing the 

ionized molecule (D
+
) is placed in the 

electrode compartment bearing the same 

charge; for example, a positively charged 

drug such as lidocaine would be placed in 

the anodal compartment. The indifferent 

electrode compartment is placed at a distal 

site on the skin. Once the current is applied, 

the electric field imposes a directionality on 

the movements of the ions present: positive 

charges in the anodal compartment move 

towards the cathode whereas anions move in 

the opposite direction. The electrochemistry 

occurring at the Ag anode necessitates the 

presence of Cl
-
 ions in the anodal 

compartment: this requirement usually leads 

to a decrease in drug delivery efficiency 

since the NaCl commonly used to provide 

Cl
-
 also introduces significant concentrations 

of highly mobile Na
+
 ions which compete 
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very effectively with the drug to carry 

current. As the Cl
-
 ions arrive at the 

electrode– solution interface, they react with 

the metallic silver to form silver chloride, 

which on account of its low solubility 

product, is deposited at the electrode 

surface, simultaneously releasing an 

electron. In order to maintain 

electroneutrality in the anodal compartment, 

either a cation must move out of the 

compartment and into the skin or an anion 

must leave the skin and move into the 

anodal chamber. In the cathodal 

compartment, the AgCl is reduced by the 

arrival of electrons from the power supply 

and yields metallic silver together with a Cl
-

ion, which passes into the solution. Again, 

for electroneutrality, this must be 

compensated for by the arrival of a cation 

from within the skin into the cathodal 

chamber or by the loss of an anion. Since the 

electrical circuit is completed by the 

endogenous inorganic ions that are present 

in the skin, primarily Na
+
 and Cl

-
, these 

latter species can impact on the efficiency of 

drug transport (Figure 2).
55-58 

BIOMEDICAL APPLICATION: 

Iontophoresis has wide applications in 

Dermatology, Ophthalmology, ENT, Allergic 

conditions even in Cardiac and Neurological 

situations, but its greatest advantage is in the 

transport of protein or peptide drugs which are 

very difficult to transport trasdermally due to 

their hydrophilicity and large molecular size.
9
 

CONTRAINDICATIONS FOR 

IONTOPHORESIS: 
Contraindications for iontophoresis are 

important in patients with higher susceptibility 

to applied currents. Such patients include those 

carrying electrically-sensitive implanted 

devices such as cardiac pacemakers, those who 

are hypersensitive to the drug to be applied, or 

those with broken or damaged skin surfaces.
59
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