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Statement of Purpose: Iron deficiency is one of the most 
prevalent and serious health issues among people all over 
the world. Currently iron is administered by oral or 
parenteral routes. These modes of administration have 
limitations as they are associated with GI and systemic 
side effects. These limitations can be over come by 
transdermal delivery which allows administration of drugs 
over long durations simulating slow i.v infusion. It is 
noninvasive and hence one of the most patient compliant 
non-oral methods of drug delivery.  However, transdermal 
delivery of drugs is limited by the barrier property of skin. 
Therefore, a safe and effective electrically mediated 
method known as iontophoresis was utilized for 
transdermal delivery of iron. “Irontophoresis”, meaning 
iontophoretic delivery of iron, is first of its kind and is 
believed to offer the most patient compliant method of 
non-oral iron therapy.  
Materials and Methods: Soluble ferric pyrophosphate 
(FPP), Phosphate buffered saline (PBS), total serum iron 
and UIBC (unsaturated iron binding capacity) kit and 
FerroVer® Iron reagent. 
In vitro Irontophoresis studies 
a. Permeability studies: Freshly excised rat abdominal 
skin was mounted in between the donar (0.5 ml of FPP 
solution) and receiver chamber (PBS pH 5) of Franz 
diffusion cell. Different current densities were applied 
using the Phoresor constant DC source. 1 ml samples 
were withdrawn from the receiver compartment at 1, 3, 6, 
9 and 12 hour time points and the iron content was 
measured using FerroVer® iron reagent. In control set of 
experiments, similar set up was used except that no 
current was applied.  
b. Step up/down current studies: Two experimental 
protocols were followed in this set of experiments which 
are given in the following. 
Step up protocol: Passive permeation (1-3hours) + 
Iontophoresis at 0.1 mA/cm2 (3rd - 9th hour), + 0.25 
mA/cm2 (9th - 15th hour) + 0.5 mA/cm2 (15th - 21st hour)-
Passive permeation (21st -24th hour) 
Step down protocol: Passive permeation (1- 3 hours) + 
Iontophoresis at 0.5 mA/cm2 (3rd -9th hour), + 0.25 
mA/cm2 (9th - 15th hour) + 0.1 mA/cm2 (15th - 21st hour)-
Passive permeation (21st -24th hour).The samples from the 
receiver compartment were withdrawn at every hour and 
the amount of FPP present was measured 
In vivo Irontophoresis: In vivo studies were carried out 
in hairless rats. The rats were divided into three groups 
with each group having 3 rats. The “control group” and 
“irontophoresis group” were used for transdermal delivery 
of iron. The third group was “i.v. group”. In the control 
group, no current was applied. In iontophoresis group, 
constant direct current of 0.5 mA/cm2 was applied for 6 
hours. The blood samples were withdrawn at regular 
intervals and analyzed for total serum and UIBC.  

Results: The in vitro passive transdermal flux of FPP 
across the freshly excised rat skin was poor (45.3 ± 2.5 
ng/cm2). Application of 0.5 mA/cm2 current with anodal 
driving electrode, did not improve the permeation of FPP, 
whereas, when driven by cathode, the transdermal flux 
increased proportionally with the applied current density.   
The total drug delivered across the rat skin correlated well 
with the applied electrical dose (current x time) with the 
correlation coefficient (R2) of 0.99. The FPP flux could be 
up or down regulated by altering the current density and 
the change in corresponding flux was indeed 
instantaneous and reproducible (Figure 1). The baseline 
serum iron concentration and % transferrin saturation 
(TS) in hairless rats was 182.36 ± 39.93 µg/dl and 44.6 ± 
2.2 % respectively. In the control group in which the FPP 
was allowed to permeate without current application, the 
two parameters did not change significantly. In the 
iontophoresis group, the total serum iron increased to 
317.56 ± 28.33 µg/dl and % TS increased to 60.8 ± 6.7 at 
3 hours and remained the same even after 12 hours 
(Figure 2). In a separate set of experiment, the rats were 
administered with FPP by i.v. injection to determine the 
duration required for the elevated total serum iron to 
return to baseline. The total serum iron level one hour 
after the i.v administration of 100, 200 and 300 µg/kg of 
FPP was 200.25 ± 35.14, 287.92 ± 21.25 and 612.2 ± 
79.84µg/dl respectively. The total serum iron was 
proportional to the FPP dose administered.  The total 
serum iron in the i.v group returned to baseline within 24 
hours. 
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Conclusions 
From the present experimental data, it is likely that a 
transdermal irontophoretic patch of 20 cm2 area will 
deliver ~2.5 mg of iron in 12 hours which is near 
therapeutic dose required in patients suffering from iron 
deficiency. Higher dose requirement could be met either 
by increasing the patch size or by altering the electrical 
dose. Development of transdermal therapeutic systems 
with chemical permeation enhancers combined with 
iontophoresis is an alternative strategy to adopt when 
higher doses of iron are required.  
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