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ABSTRACT  

Objective: The objective of the present work aims to check the effect of penetration enhancers on release kinetics in a novel drug in the adhesive 
transdermal system of furosemide. 

Methods: The adhesive systems were evaluated for pharmacotechnical properties and in vitro permeation of the drug through the excised rat 
epidermis. Among the DURO-TAKs screened for in vitro permeation studies. The results were quantified using RP-HPLC. The optimized drug in the 
adhesive system was subjected to in vivo kinetic studies using New Zealand male rabbits. The adhesive systems were further evaluated for tack 
properties and skin irritation studies.  

Results: DURO-TAK 2510 demonstrated a best permeation profile than DURO-TAK 2852. A combination of penetration enhancers was proved to more 
be efficient than alone, in the case of F9 (IPM: PG 7.5:2.5) maximum permeation of the drug (314.45±5.97 µg/cm2) was observed by the end of the study 
with a flux of 9.2052±0.33 μg/cm2/h. The optimized drug in the adhesive system was subjected to in vivo kinetic studies using New Zealand male rabbits. 
The studies confirmed that controlled release of the drug for a prolonged duration with an extended AUC and MRT decreased Cmax in adhesive systems 
compared to the oral route, which can provide a promising pharmacological effect the in the DIA system compared to the oral route.  

Conclusion: The findings in the present study confirmed that drugs in adhesive systems can provide promising results and can enhance both 
bioavailability and patient compliance with a combination of penetration enhancers in the development of DIA systems. 
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INTRODUCTION 

Pulmonary arterial hypertension (PAH) is a group of diseases that 
share a common feature like progressive, obstructive pathological 
changes of the pulmonary microcirculation that lead to an increase 
in pulmonary vascular resistance. Pulmonary arterial hypertension 
is most often diagnosed in its advanced stages because of the 
nonspecific nature of early symptoms and signs [1, 2]. Symptoms 
include chest pain, weakness, shortness of breath, and fatigue. 
Echocardiography is a key screening tool in the diagnostic algorithm, 
where it provides an estimate of pulmonary artery pressure, either 
at rest or during exercise [3]. The goal of treatment is to control the 
symptoms, although the disease usually develops into heart failure.  
 

 

Fig. 1: Chemical structure of furosemide 
 

Furosemide (fig. 1) 4-chloro-2-[(furan-2-ylmethyl) amino]-5-
sulfamoyl benzoic acid, (M. Wt 330.7 Daltons, pKa-2.29) [4] is one of 
the potent diuretic agents used as a therapeutic agent for pulmonary 
arterial hypertension. Furosemide causes diuresis by blocking the 
absorption of sodium, chloride, and water from the filtered fluids in 
kidney tubules. Considering the clinical pharmacokinetics of 
furosemide it was evident that 65% of the drug is eliminated 
unchanged through urine with an approximate elimination half-life 
of 1h and bioavailability of 50% [5].  

The poor pharmacokinetics may be due to the less absorption window 
of furosemide which is due to its extensive protein binding. The major 
setback for the oral therapy of furosemide is losing its natriuretic 
effect for diuresis between the dosages due to osmoregulation and 

volume regulation [6, 7]. It was clinically proven that intravenous 
infusion can improve the natriuretic and diuretic effects of furosemide 
[8]. The potency of the natriuretic and diuretic effects of furosemide 
can be enhanced with continuous infusion of the drug. 

Controlled release mechanisms like transdermal drug delivery 
systems are the non-invasive mechanism where a continuous infusion 
of drug can be administered with the added advantage of minimizing 
the drug-related side effects [9, 10]. A continuous infusion mechanism 
can relieve this kind of disorder where effective therapeutic levels can 
be maintained in the plasma. This can improve the clinical 
pharmacokinetics of drug molecules. The very peculiar advantage of 
transdermal systems is that the medication can be terminated at any 
given time and these systems are proven to be patient-friendly. 

Pressure-sensitive adhesive polymers (acrylic polymers) suitable for 
many drugs to solubilize, to load more amount of a drug and to get 
satisfactory drug flux. Drug-in adhesive (DIA) transdermal systems 
are very popular modern-day l systems where we can go from a 1d 
patch to 7d patch. A lot of advancements in adhesive technology, 
which are hypoallergenic and drug compatible, advanced the 
progress in DIA systems [11]. Functional-based Pressure sensitive 
adhesives patches shows excellent permeation through the skin, but 
recrystallization and degradation of the drug may be possible with 
internal and external conditions of the drug and components present 
in DIA matrix [12]. Variability and enhancement in flux can be 
achieved by using different combinations of penetration enhancers 
[13]. Many fatty acids also used to enhance the solubility and 
permeation of drugs through the skin [14, 15]. Hence in the present 
work study was carried to select suitable pressure sensitive 
adhesive and investigated the effect of penetration enhancers 
Further, they are subjected to in vivo kinetic studies. 

MATERIALS AND METHODS 

Materials 

Furosemide is a gift sample received from IPCA laboratories, 
Mumbai, DURO-TAK 2852, DURO-TAK 2510were gift samples 
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received from Henkel Corporation, Germany, propylene glycol (PG), 
Isopropyl myristate (IPM), Oleic acid, Polyvinyl alcohol (PVA), Ethyl 
acetate, HPLC grade Acetonitrile and Methanol were purchased from 
S D Fine chemicals, Mumbai. All the reagent and chemicals used 
were of analytical grade. 

Methods 

HPLC method 

A modified HPLC method from previous studies was established for 
the determination of furosemide [16]. Waters 2695 HPLC with class 
Empower-2 software with a high-speed autosampler and 2996 PDA 
detector with dual-wavelength at 210 nm were used. Inertsil ODS 
column C18 of 250X4.6 mm dimensions and 5 µl capacity was used. 
A mobile phase of phosphate buffer and acetonitrile in the ratio of 

30:70 %v/v was used and pH was adjusted to 4.6 with 
triethanolamine. Diclofenac was used as an internal standard with a 
retention time of 4.02 min and for furosemide, the retention time 
was found to be 4.89 min. 

Extraction of furosemide from plasma 

250 µl of plasma and 50 µl of internal standard, 10 µl of furosemide 
was taken into a centrifuging tube and 2 ml of Acetonitrile was 
added. Cyclomixing was done for 15 sec and then vortexed for 2 min 
and finally centrifuged at 3200 rpm speed for 2 min. After the 
centrifugation organic layer was separated, filtered, and evaporated 
to dryness at 40 °C. The residue was dissolved in 20 µl of mobile 
phase and was injected into HPLC at a flow rate of 1 ml/min with a 
run time of 10 min. 

 

Fabrication of DIA patches of furosemide  

Table 1: Composition of the drug in an adhesive transdermal patch of furosemide 

Formulation code Drug (%) Duro tak (5%w/w) PE* Ratio of PE used (%w/w) 
F1 5 D-2852 - - 
F2 5 D-2510 - - 
F3 5 D-2852 PG 5 
F4 5 D-2852 IPM 5 
F5 5 D-2852 Oleic acid 5 
F6 5 D-2510 PG 5 
F7 5 D-2510 IPM 5 
F8 5 D-2510 Oleic acid 5 
F9 5 D-2510 IPM: PG 7.5:2.5 
F10 5 D-2510 IPM: Oleic acid 7.5:2.5 
F11 5 D-2510 IPM: PG 5:5 
F12 5 D-2510 IPM 10 

All the quantities are mentioned in % w/w, *Penetration Enhancers was mentioned as PE 

 

DIA patches were prepared according to the formulation given in 
table 1. Furosemide is dissolved in 0.5 ml ethanol, then added to 10 
ml of ethyl acetate solution and mixed well. The ethyl acetate drug 
mixture was added to the adhesive solution (5% w/w) along with 
the penetration enhancers. The adhesive mixture was stirred on a 
magnetic stirrer until a homogenous mixture is obtained for about 
1h. The adhesive solution was then coated on the previously 
prepared PVA (6%w/v) backing membranes and the films were 
allowed to dry at room temperature. Dried adhesive patches were 
then stored in an aluminum membrane [17].  

Evaluation of DIA patches of furosemide  

After complete drying, DIA patches were evaluated for 
pharmacotechnical properties. Weight uniformity was calculated by 
taking the average weight of three transdermal patches and the 
results were reported in triplicate. The thickness of the film was 
measured three times with the help of a digital micrometer by 
excluding the thickness of the backing membrane and release liner 
and the mean observation was noted. Flatness was calculated by 
measuring the length of the strip of a patch after drying. 

Drug content 

The DIA patch with an area of 3.14 cm2 was measured and added to 
phosphate buffer saline pH 7.4 (PBS) and kept stirring overnight to 
solubilize the drug completely. The drug solution was filtered to 
remove the un-dissolved contents. The drug content was determined 
using a UV-Visible spectrophotometer at 271 nm after appropriate 
dilutions. 

In vitro permeation studies 

In vitro permeation studies were carried out on the excised skin of 
male albino rats using the modified Franz diffusion cell [18]. The 
release media used was pH 7.4 (PBS) as the drug is having complete 
solubility in the media. Before mounting onto the diffusion 
apparatus the skin was kept hydrated in PBS overnight. The receptor 
compartment contains the PBS of 30 ml and the donor compartment 
contains DIA patch of area 3.14 cm2. The DIA patch was mounted on 

the excised epidermis and the whole assembly was kept on a 
magnetic stirrer with a fixed speed of 50 rpm, 37±0.5 °C 
temperature and sink conditions were maintained. A Sample of 3 ml 
was withdrawn at time intervals and replaced with the same volume 
of fresh solution to maintain the sink conditions. The drug release 
was estimated with HPLC. Samples withdrawn were centrifuged and 
an aliquot of 20μL along with internal standard was injected into the 
column to determine the drug content. All the results were reported 
in triplicate.  

Drug release kinetics 

The flux was calculated from the slope, lag time, and diffusion 
coefficient were calculated from the drug release plot (fig. 2). The 
enhancement ratio was calculated by using the below-given 
equation to assess the potentiality of penetration enhancers in 
enhancing the flux.  

Enhancement ratio =
Permeability coef�icient of drug with PE 

Permeability coef�icient without PE 
 

Where, PE = Penetration enhancer 

The data obtained from permeation studies are fitted to various 
kinetic models to find the penetration of drug patterns. 

Evaluation of adhesion properties 

Probe tack test 

The Probe tack test is done to know the adhesive property of DIA 
patches using probe tack apparatus (PT, 559, USA) [19]. A Sample of 
diameter 2.5 cm is attached to the stainless steel plate. A 0.5 cm 
diameter steel probe was attached to the sample with a force of 5N 
and kept in touch for 2 sec. Then the probe was removed at a rate of 
300 mm/min, maximum force was recorded. An experiment 
repeated three times and the average value was noted. Tack force 
was calculated from the given formula. 

Tack force = maximum force/contact area 
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Peel strength 

A Peel adhesion test at 180° was carried out to measure the peel 
strength using adhesion apparatus (Chemi instruments, AR 1000, 
USA) according to American standard test methods (ASTM) [19]. A 
DIA patch of size 2.5x1.5 cm2 is applied to the adherent plate, which 
is made of the bakelite. The DIA patch was smoothened with a 2-kg 
roller and pulled from the adherent plate at an angle of 180 ° at a 
constant rate 300 mm/min. The experiment was repeated three 
times and the average force was recorded in Newton. Peel strength 
was calculated from the below-given formula. 

Peel strength = peel force/width of the patch 

Stability studies 

Following ICH guidelines at accelerated conditions, i.e. at 
40±20C/75%RH stability, studies were carried out for an optimized 
DIA transdermal system. All the results were reported in triplicate. 

Skin irritation studies 

Skin irritation studies were conducted using male albino rats 
(180-200 gm). Rats were divided into three groups (n=6). Group 
I, II, and III are noted as the control group, where no patch has 
adhered to the skin, the medicated DIA patch and the formalin 
were applied (0.8%v/v), respectively. The applied areas were 
evaluated for erythema and edema by visual observation. The 
test was carried out for 7 days and on each day the erythema and 
edema scores noted and scored according to Draize’s scale [20].  

In vivo pharmacokinetic studies 

After taking approval from the Institutional Animal Ethics 
Committee 1677/PO/Re/S/2012/CPCSEA), pharmacokinetic 
studies were conducted by using male New Zealand rabbits (1.3-
1.5 kg). They stabilized and kept fasting for 24h before 
commencing the standard diet given to rabbits. They were divided 
into three groups (n=5). Groups I, II, and III received the vehicle, 
furosemide (5 mg/kg) by oral route and furosemide DIA patch, 
respectively. Hair on the vertebral side of the rabbit was removed 
and the skin was cleaned with warm water and alcohol 
subsequently. Skin was patted to dry and the patch was applied to 
the skin with pressure. 0.5 ml of blood sample was collected into 
heparinized tubes from the left marginal ear vein at time intervals 
for the transdermal route. Blood samples were centrifuged 
immediately at 4000 rpm for 5 min and the plasma was collected 
and stored at-20 °C until analysis. 

Pharmacokinetic analysis 

Pharmacokinetic parameters like AUC, Cmax, and Tmax can be read 
directly from the plots (fig. 6, 7) and are calculated by non-
compartmental analysis using PK solver, an add-in program for 
pharmacokinetic analysis in Microsoft Excel 2010.  

Statistical analysis 

All the results were represented as mean±SD. Statistical analysis of 
the data was carried out by using paired t-tests using Microsoft Excel 
2010 software. A Significant difference was considered at p ≤0.05 
and at p≤0.001. 

 

RESULTS AND DISCUSSION 

Fabrication and characterization of DIA patches 

 

Table 2: Pharmacotechnical properties of DIA transdermal patches of furosemide 

Formulation code Weight variation (%) Thickness (μm) Drug content (mg/cm2) 
F1 1.24±0.21 100±3.15 1.21±0.23 
F2 1.09±0.22 101±1.25 0.99±0.03 
F3 1.30±0.29 99±2.65 0.95±0.04 
F4 1.07±0.31 102±2.18 0.97±0.15 
F5 1.34±0.08 101±1.15 1.02±0.18 
F6 1.06±0.11 98±1.15 1.08±0.24 
F7 1.07±0.16 102±3.15 0.99±0.08 
F8 1.22±0.18 102±1.55 1.14±0.09 
F9 1.08±0.24 101±1.52 1.05±0.09 
F10 1.22±0.16 100±1.15 1.06±0.15 
F11 1.06±0.11 100±2.61 1.05±0.23 
F12 1.17±0.30 100±1.58 1.01±0.23 

All the values were expressed as mean±SD, n=3 

 

Different DIA patches were prepared by using pressure-sensitive 
adhesives DT-2510 and DT-2852 by varying the concentrations of 
penetration enhancers. The concentration of adhesive was 
optimized to avoid the crystallization of the drug. DIA patches 
formulated with an optimized concentration of the adhesive were 
evaluated for pharmacotechnical properties and the results were 
reported in table 2. The drug content in all the patches was 
maintained at 1±1.0 mg/cm2. Formulated DIA patches were found to 
have 100% flatness. 

In vitro permeation studies 

The diffusion coefficient of a drug in a Pressure-sensitive adhesive 
(PSA) DIA patches is influenced by functional groups present in the 
drug. In the present study, Durotak-2510(D-2510) with hydroxyl 
functional group and Durotak-2852(D-2582) with carboxyl functional 
group were selected (Henkel Corporation). Furosemide was loaded at 
a concentration of 5% w/w of adhesive weight. The cumulative drug 
release profile of DIA patches of D-2510 and D-2852 without 

penetration enhancers, i.e., F1 and F2 was plotted (Fig. 2) and the 
results were reported in table 3. The release studies revealed a 2.1 
times higher flux for D-2510 when compared with D-2852 [21]. The 
low penetration of the drug from D-2852 was due to carboxyl group 
interaction with the functional group present in the drug. The 
highest permeation of galantine was observed with hydroxyl-
containing (Duro-Tak-2510) [22]. Previous studies reports that the 
selection of functional and non-functional pressure-sensitive 
adhesive depends on the functional groups present in the drug as 
they influences the drug release from DIA matrix [23, 24]. Drugs 
with secondary amino groups markedly interact with the PSA 
carboxyl group [25]. Miyajima et al. (1999) reported that the 
stronger the drug-polymer interactions the greater the reducing the 
drug diffusion rate [26]. In the current investigation also the drug 
release rate was found to be less from PSAs containing a carboxyl 
group (D-2852) than PSAs containing no functional group or a 
hydroxyl group (D-2510). Hence the pressure-sensitive adhesive D-
2510 was selected for further studies. 
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Fig. 2: In vitro permeation profile of furosemide from DIA patches using different adhesives (mean±SD, n=3) 
 

Table 3: In vitro release studies of DIA transdermal patch of furosemide 

Formulation code Q (μg/cm2) Flux (μg/cm2/h) Enhancement ratio Lag time (h) Diffusion coefficient (cm2/h) 
F1 27.11±3.17 0.9094±0.21 - 0.147±0.04 0.024±0.001 
F2 59.16±4.22 1.9018±0.14 - 0.971±0.01 0.161±0.001 
F3 145.07±5.61 4.4101±0.18 4.849±0.21 3.91±0.14 0.651±0.001 
F4 175.09±5.11 5.4504±0.34 5.993±0.04 3.26±0.15 0.543±0.001 
F5 136.19±4.21 4.1762±0.41 4.592±0.15 3.65±0.16 0.608±0.001 
F6 185.21±4.89 5.8068±0.59 3.053±0.12 3.55±0.05 0.591±0.001 
F7 223.08±5.18 6.9946±0.48 3.677±0.20 3.02±0.07 0.503±0.001 
F8 206.18±6.21 6.3879±0.39 3.358±0.16 3.32±0.04 0.553±0.001 
F9 *314.45±5.97 9.2052±0.33 4.840±0.13 5.76±0.05 0.960±0.001 
F10 257.18±4.91 8.0220±0.45 4.218±0.11 3.55±0.09 0.591±0.001 
F11 274.15±4.57 8.4449±0.51 4.440±0.18 3.63±0.05 0.605±0.001 
F12 263.09±5.11 8.1855±0.46 4.305±0.19 3.51±0.05 0.583±0.001 

Q is cumulative drug release in micrograms per cm2 in DIA patch. All the values were expressed as mean±SD, n=3 (*p≤0.05) 
 

 

Fig. 3: In vitro permeation profiles of furosemide from DIA patches using different penetration enhancers (mean±SD, n=3) 
 

 

Fig. 4: In vitro permeation profiles of furosemide from DIA system using D-2510 and a combination of penetration enhancers (mean±SD, 
n=3) 
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Effect of chemical penetration enhancers on drug release  

Generally, lipid-rich penetration enhancers are used for enhancing 
the drug permeation as they can easily solubilize and penetrate into 
the stratum corneum. Penetration enhancers like PG, IPM, and Oleic 
acid were selected and their effect on drug release kinetics on 
pressure-sensitive adhesives D-2510 and D-2852 was observed. 
Initially, the concentration of penetration enhancers was fixed at 
5%. In DIA patches of D-2852 (F3-F5) (fig. 3), maximum cumulative 
drug release was observed with IPM and the minimum was obtained 
with oleic acid and the difference was less significant [27]. Whereas 
in case of DIA patches of D-2510 (F6-F8) (fig. 3), maximum 
cumulative drug release was observed with IPM [28] and minimum 
with oleic acid and the difference was found to be highly significant 
(p≤0.05). The cumulative drug release data and flux values were 
reported in table 3. The results depicted that IPM has maximum 
penetration enhancement than oleic acid.  

Pressure-sensitive adhesive D-2510 and penetration enhancer IPM 
were optimized based on the above results. Further studies were 
done to enhance the drug permeation by doubling the penetration 
enhancer concentration i. e, 10%, and combinations of penetration 
enhancers in various concentrations were also tried (F9-F12) 
(Fig.4). Cumulative drug release results were reported in table 3. 
Formulation F9 with (IPM: PG 7.5:2.5) has produced exceptional 

results with a drastic increase in the amount of drug permeated 
when compared with F10, F11, and F12; the difference was found to 
be statistically significant (p≤0.05). As reported in  table 3, 
enhancement in flux was observed with the addition of penetration 
enhancers and maximum flux was observed in DIA patches 
containing IPM, as a penetration enhancer. In F7 with IPM, at 5% 
w/w flux of 6.9946±0.48 µg/cm2/h was observed and is the 
maximum flux achieved in the case of a single penetration enhancer, 
whereas the combination of penetration enhancers, maximum flux 
of 9.2052±0.33 µg/cm2/h was achieved in F9 (IPM: PG 7.5:2.5) and 
the results were reported in table 3. The mechanism involves the 
combined action of penetration enhancer i. e, by altering the lipid 
properties of stratum corneum and by changing the thermodynamic 
activity of drug molecule [29]. For further confirming that a 
combination of penetration enhancers as beneficial in DIA patch 
using D-2510 was formulated by taking IPM alone at 10% (F12). The 
cumulative drug release was observed to be less when compared 
with the combination of penetration enhancers (F9-F11). The drug 
release in all the pressure-sensitive systems was controlled up to 
32h and in the case of F9 maximum amount of drug was released.  

The in vitro kinetic data summarizes that the drug release behavior 
all formulations except F1 followed the mixed order Higuchi kinetic 
model and the kind of diffusion is non-fiction which is confirmed by 
the ‘n’ values of Korsmeyer-Peppas. 

 

Table 4: In vitro kinetics of DIA transdermal patches of furosemide 

Formulation code Zero-order First order Higuchi Korsmeyer-Peppas 
R2 R2 R2 R2 N 

F1 0.9920 0.9953 0.9762 0.9921 1.1389 
F2 0.9906 0.9828 0.9839 0.9898 0.9463 
F3 0.9804 0.9891 0.9762 0.9777 0.6286 
F4 0.9824 0.9896 0.9765 0.9864 0.6754 
F5 0.9818 0.9915 0.9815 0.9828 0.6580 
F6 0.9770 0.9838 0.9722 0.9727 0.6486 
F7 0.9821 0.9876 0.9784 0.9765 0.6851 
F8 0.9813 0.9848 0.9663 0.9628 0.6386 
F9 0.9644 0.9592 0.9709 0.9691 0.5361 
F10 0.9772 0.9828 0.9735 0.9676 0.6488 
F11 0.9798 0.9810 0.9712 0.9668 0.6323 
F12 0.9794 0.9803 0.9697 0.9640 0.6373 
  

Adhesion properties of DIA patch of furosemide 

Table 5: Adhesion properties of DIA transdermal patches of furosemide 

Formulation code Tack force (N/cm2) Peel strength (N/cm) 
F1 3.51±0.21 1.39±0.15 
F2 4.01±0.35 1.76±0.16 
F3 3.22±0.28 1.06±0.11 
F4 3.38±0.27 1.17±0.21 
F5 3.04±0.28 0.55±0.22 
F6 3.87±0.33 1.15±0.15 
F7 3.98±0.37 1.29±0.18 
F8 3.64±0.38 1.08±0.16 
F9 3.91±0.25 1.66±0.21 
F10 3.53±0.36 1.37±0.27 
F11 3.87±0.33 1.44±0.23 
F12 3.77±0.34 1.54±0.24 

 All the values were expressed as mean±SD, n=3 

 

Peel strength and probe tack test results were reported in table 5. 
Stainless steel and Bakelite were used as substrates, as they were 
widely accepted and the Bakelite resembles the skin. In all the 
formulations, the amount of pressure-sensitive adhesive was kept 
constant and the probe tack test and peel strength exhibited no 
significant difference. The addition of penetration enhancers IPM, 
PG, and oleic acid have varied the adhesive strength and the 
variation was found to be less significant. 

ICH guidelines were followed to conduct the stability studies for 
optimized formulation. Results showed that no significant difference 

in drug content, in vitro studies and tack properties. 
Pharmacotechnical properties showed a slight variation but were 
observed to be non-significant. It indicates the drug in the adhesive 
patch was found to be stable at accelerated conditions (p≤0.05). All 
the results were reported in table 6. 

Skin irritation studies of DIA patch of furosemide 

Table 7 summarizes the skin irritation studies of DIA transdermal 
patch of furosemide. By visual observation, edema and erythema 
were scored according to Draize’s scale. After seven days of 
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treatment with the sample, slight swelling was observed in the 
control patch and medicated patch and is negligible when compared 
with the formalin-treated group. A Significant difference between 

the standard irritant and the DIA transdermal patch was observed 
(**p≤0.001). It indicates the drug-embedded patch was safe to use 
during treatment. 

 

Table 6: Stability studies of optimized F9 DIA transdermal patch of furosemide 

Parameters 0 Mo 1st Month 3rd Month 6th Month 
Drug Content (mg/cm2) 1.05±0.09 1.04±0.06 1.03±0.21 1.03±0.06 
In vitro permeation studies (µg/cm2) 314.45±5.97 305.69±6.91 304.08±5.21 300.5±4.08 
Tack force (N/cm2) 3.91±0.25 3.54±0.28 3.57±0.48 3.41±0.27 
Peel strength (N/cm) 1.66±0.21 1.59±0.24 1.57±0.28 1.54±0.58 
Physical appearance Acceptable No change No change No change 

All the values were expressed as mean±SD, n=3 

 

Table 7: Skin irritation studies of F9 transdermal patch of furosemide 

S. No. Formulation code Erythema Edema 
1 Control patch 0±0 0±0 
2 Medicated patch (F9) 0.07±0.184** 0.19±0.134** 
3 Formalin-induced group (0.8%v/v) 4.21±0.045 4.75±0.141 

Data was expressed as mean±SD, n=6. Erythema scale: 0, none; 1, slight; 2, well defined; 3, moderate; 4, scar formation. Edema scale: 0, none; 1, 
slight; 2, well defined; 3, moderate; 4, severe (**p≤0.001). 

 

Pharmacokinetics of DIA patch of furosemide 

 

Fig. 5: Mean plasma concentration-time profile of oral route of furosemide (F9) in Newzealand male rabbits (mean±SD, n=5) 

 

 

Fig. 6: Mean plasma concentration-time profile of DIA transdermal patch of furosemide (F9) in New Zealand male rabbits (mean±SD, n=5) 

 

Since F9 has maximum cumulative drug release, it was selected for 
further in vivo studies. The mean plasma concentration-time 
profiles after oral administration of furosemide and transdermal 
administration of DIA patch of furosemide were plotted (fig. 5, 6) 
and the kinetic data was reported in table 8. Five rabbits were 
used in each group and the blood samples were taken at pre-

determined time intervals. After oral administration of furosemide 
rapid absorption of the drug was observed with a half-life of 
0.44±0.015h. Cmax of 460±14.112 ng/ml was achieved early at Tmax 
of 2±8.241h. Whereas in the case of DIA patches, steady release of 
the drug was maintained for a longer duration and it took 
34±0.657h (Tmax) to reach the maximum concentration of 
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44±10.151ng/ml (Cmax), eventually Cmax was reduced in case of DIA 
patch. The time required to reduce the half of the given drug 
concentration i.e., the half-life, was extended up to 25.6±9.125h in 
DIA patches. In case of oral route MRT of furosemide is 
2.45±1.015h, whereas in case of the DIA patch MRT has increased 
exponentially up to 49.43±2.054h [24, 25]. This shows the 
presence of the drug for a longer duration (2days) in plasma 

possible with PSA-based DIA transdermal patches and it can be 
viewed from the extended plasma time profile as enhanced t1/2 and 
MRT are common features for transdermal drug delivery systems. 
All the results had shown a statistically significant difference at 
p≤0.05. In our previous study also it was proved that solid lipid 
nanoparticles of furosemide loaded transdermal patches lowers 
the Cmax, enhances AUC and, extends MRT values [30]. 

 

Table 8: In vivo kinetics of oral route and optimized DIA transdermal patch of furosemide 

Pharmacokinetic units parameters Oral route  DIA transdermal patch (F9) 
Cmax ng/ml 460±14.112  44±10.151* 
Tmax h 2±0.241  34±8.657* 
Half-life (t1/2) h 0.44±0.015  25.6±9.125* 
AUC0-∞ ng/ml/h 1562.14±34.142  6692.72±79.048* 
AUMC ng/ml/h2 3969.42±120.619  330824.19±251.615* 
 MRT h 2.45±1.015  49.43±2.054* 

All the values were expressed as mean±SD, n=5 (*p≤0.05) 

 

CONCLUSION 

The Furosemide transdermal patches were prepared with different 
pressure-sensitive adhesives using a single and combination of 
penetration enhancers. As the penetration enhancers also has the 
adhesive property, all the patches shows good adhesive, tack and 
peel strength properties. In vitro release studies confirmed that PSA 
D-2510 along with a combination of PEs IPM: PG 7.5:2.5 shows more 
drug release, flux value and influenced on a positive note for further 
studies. In vivo studies also proved that low Cmax, prolonged MRT 
and extended AUC of DIA transdermal patch compared with the oral 
route can minimize multiple administrations of drug and can 
minimize drug-related side effects. Finally, it was concluded that DIA 
transdermal patches is superior over oral administration and also 
best option for the treatment of pulmonary hypertension. But their 
efficacy at the clinical level need to be studied further.  
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