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ABSTRACT  
Development of losartan in transdermal formulation is 

important due to its low oral bioavailability. Optimal transdermal 
formulation requires transport mechanism understanding. This 
study was aimed to develop and evaluate compartmental 
modeling of losartan transdermal transport in vitro to fulfil this 
demand. Losartan solution (10g/L in 20% propylene glycol) was 
filled into the acceptor phase of a vertical diffusion-cells system. 
The fresh rat skin (pretreated with oleic acid for 1 hour) was 
used as the transport membrane separating the donor and the 
acceptor phase, which was filled with phosphate-buffered-saline 
pH 7.4. During 30h, samples were collected and analyzed using 
HPLC method. Four compartmental models were proposed, i.e. 
models with one (model 1) or two (model 2) lag-compartment(s) 
either with a zero-order (model A) or a first- order (model B) 
drug input from donor to the skin. WinSAAM was used to 
evaluate the models based on the parameters: 1) visual 
goodness of fit (GOF); and 2) Corrected Akaike's Information 
Criterion (AICc). Both the GOF and AICc evaluations indicated 
model 2-A as the best model describing losartan transdermal 
transport. The model suggested that after reaching the upper 
layer of skin at a constant rate, losartan transport was split into 
two flows. Both flows are transited in two separate lag-
compartments before reaching into the acceptor phase.  
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INTRODUCTION 
Losartan, an angiotensin II type 1 

receptor antagonist (Goldberg et al., 1995), has 
been used in hypertension therapy since 1995, 
and becoming the drug of choice particularly 
for diabetes patients (Maggon, 2009). It is 
marketed in per-oral dosage form as a tablet 
with a dose of 50mg. Nevertheless, losartan is 
intensively metabolized in the hepatic system 
(first pass effect) as well as metabolized by the 
normal flora in the gut. These processes are 
responsible for a low oral bioavailability of the 
drug (approximately 33%) (Lo et al., 1995). 
Moreover, losartan has also a relatively fast 
elimination rate from the body (elimination half 
life of 1.5 – 2.5 h) (Ohtawa et al., 1993). 

Those situations suggested the 
significance of an alternative of drug delivery 
system, circumventing such problems,             
with transdermal delivery system as one of               
good   candidate (Nugroho, 2005). Transdermal  

delivery of losartan could deliver the drug 
across the skin to reach systemic circulation in 
the dermis layer in a non invasive manner. The 
delivery method can by-pass metabolism in the 
hepatic and in the gut. It is therefore expected 
that delivery of drugs via such route can 
increase their bioavailability (Nugroho, 2005).  

Currently there are a limited number of 
studies focusing on transdermal transport              
of losartan. Petkar and Kuchekar examined          
the influence of capsaicin in transdermal 
transport of losartan (Petkar and Kuchekar, 
2007). The use of proniosomes to facilitate 
transdermal transport of losartan has also been 
reported by Thakur and coworker (Thakur et 
al., 2009).  

Furthermore, none of those studies were 
concerned on the transport mechanism of 
transdermal delivery of losartan. Such 
investigation is important in order to shed light 
on   how   drug  molecules  behave  during   the  
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transport across the skin layer. One approach 
to study such mechanism is based on 
development of compartmental model to 
describe transdermal delivery transport.  

Such approach has been started in            
1982 by Guy and coworker who proposed         
a series of compartmental models on 
transdermal transport of several drugs (Guy              
et al., 1982). Nugroho et al proposed a series            
of compartmental models to describe drug 
transport by transdermal iontophoresis in vitro 
(Nugroho et al., 2004) and in vivo (Nugroho et 
al., 2005).  

The models were developed and 
implemented using Winnonlin (Nugroho et al., 
2005, 2004) as well as NONMEM (Nugroho et 
al., 2006), well-known examples of commercial 
software used in pharmacokinetics-pharmaco-
dynamics modeling.  

Later on, Nugroho (2008) proposed a 
modeling approach on the same focus using 
WinSAAM, a free software widely used for 
biological system modeling developed under 
support of National Insitute of Health USA 
(Stefanovski et al., 2003). In this approach, 
several basic transdermal transport models were 
developed, implementing a transport flow of 
drug from the donor or patch via the skin 
before entering into the acceptor phase or 
plasma (Nugroho, 2008).  
 The aim of the current study was to 
develop and evaluate compartmental modeling 
approach which could explain the mechanism 
of transdermal transport in vitro of losartan. The 
proposed models implement one or two lag 
compartment(s) between donor and skin to 
describe transport data. 

 

MATERIAL AND METHODS 
Losartan potassium was obtained from 

PT Kalbe Farma Jakarta Indonesia. Propylene 
glycol and oleic acid (pharmaceutical grades) 
were purchased from PT Brataco Chemicals, 
Yogyakarta Indonesia. Phosphate buffered 
saline was prepared by mixing dan dissolving 
ingredients i.e.: bi-sodium hydrogen phosphate 
(Na2HPO4), Sodium di-hydrogen Phosphate 
(NaH2PO4) and sodium chloride (all are in 
analytical grade (Merck, Darmstadt Germany) 
and purchased from PT General Labora 
Yogyakarta).  
 

Rat skin preparation 

Fresh rat skin was obtained directly after 
animal sacrifice using a lethal dose of ether 
inhalation method. Skin was then carefully 
cleaned from its hair by electric clipping 
without any damage, wound or scratch on the 
skin surface. Skin fat was removed by using 
scalpel. Thereafter, skin was cleaned with 
double distillated water prior to cutting into 
circular shapes using surgery scissors with a 
diameter of 2cm. Skin was then putted onto the 
diffusion cell, either for pretreatment studies or 
directly for a transport study. 

 
Skin pretreatment 

After being mounted into diffusion cells, 
skin was exposed to oleic acid (used as the 
permeation enhancer), which was filled into the 
donor compartment of the diffusion cells. The 
skin pretreatment was performed for 1 hour. 
After the pretreatment, the enhancer was 
removed from the cells and skin was then 
cleaned by soaking and spraying with double 
distilled water 5times. Thereafter skin was ready 
for the transport study. 
 
Transport study 

The transport studies were performed in 
the vertical type diffusion cells, prepared by 
Laboratory of Material Process, Department of 
Physical Engineering Institut Teknologi Bandung, 
Bandung Indonesia. Losartan donor solution 
was prepared at a concentration of 10g/L (in 
20% propylene glycol in 0.05M citric buffer pH 
5). After proper mounting of the rat skin, the 
cells system was then secured by joining and 
screwing the donor and the acceptor parts 
together. The donor phase of the system was 
then filled in with losartan solution. The 
acceptor phase was filled in with 0.15M 
phosphate buffer saline at pH 7.4. The 
transport study was performed for 30 hours, 
during which, samples were collected periodi-
cally from the opening column on the acceptor 
phase side.  
 
HPLC analyses 

Quantitative analyses were performed 
based on the HPLC method (HPLC 
Prominence Shimadzu, Kyoto, Japan).           
Briefly,   the   eluent  consisted of 0.05N  acetic  
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buffer and acetonitrile with a volume ratio of 
60:40 and pumped into a LichroCART 250-4 
RP 18 (5µm) (Merck, Darmstadt Germany)   at   
a   flow   rate  of   0.75mL/min. The detection 
was performed using ultraviolet detector (SPD 
20A Shimadzu, Kyoto, Japan) at a wavelength 
of 223nm.  
 
Modeling analyses 

The cumulative amounts of the 
transdermal transport of losartan were plotted 
as a function of time. Data were then analyzed 
based on the compartmental model approach. 
In this approach,  compartmental models 
consisted of models with one (model 1) or two 
(model 2) lag-compartment(s) either with a 
zero-order (model A) or a first- order (model 
B) drug input from donor to the skin. 
Therefore, there were four compartmental 

models used i.e. model 1-A, model 1-B, model 
2-A and model 2-B.  

The modeling was performed using 
WinSAAM. The flow of mass transfer in each 
model, implemented the notation rule in 
WinSAAM, is depicted in figure 1. In 
accordance to this respect, model parameters 
were defined, and there are several important 
notations as follows: 1) IC(1) i.e. initial dose 
amount (in the donor phase) available for a first 
order transport; 2) L(y,x) i.e. coefficient of  
drug transport from the compartment x to the 
compartment y (i.e. L(2,1), L(3,2), L(4,3), 
L(5,2), and L(4,5)); 3)UF(2) i.e. a zero order 
(constant) of drug transport rate into 
compartment 2 (stratum corneum); 4) DT(z) i.e. 
lag or delay time in  compartment z (i.e DT(3) 
and DT(5)); and 5) DN(z) i.e. theoretical delay 
number of partial elements or pseudo-

               

            

 

 
 

Figure 1. Schematic Compartmental models for transdermal 

transport of losartan using WinSAAM.  
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compartments in a certain lag compartment           
z (i.e. DN(3) and DN(5)). Furthermore, all of 
those parameters together with the data were 
built into a WINSAAM listing, which then 
being executed using a normal WinSAAM 
command i.e. deck, solve and iter. Evaluation of 
model appropriateness to transport data was 
performed based on the evaluation of: 1) visual 
goodness of fit (GOF); and 2) Corrected 
Akaike's Information Criterion (AICc) 
(Motulsky and Christopoulos, 2003). 

 

RESULTS AND DISCUSSION 
Transdermal transport of losartan 

Losartan was rather slowly permeated 
across the skin. It needs several hours before 
being detected in a significant amount in the 
acceptor phase. For this reason, study transport 
was performed for up to 30h. The typical 
profiles of transdermal transport of losartan in 
this study are presented in figure 2.  

There are several possible explanations 
on the phenomenon. As the study used full 
thickness rat skin, most likely the thickness of 
the membrane retained drug molecules longer 
and release the drug much slower. Moreover, 
the condition could also be due to a slow 
movement of   losartan across the epidermis 
and dermis layer in the rat skin. According to 
SRC PhysProp Database and DrugBank database, 
losartan log P was estimated at a value of 4.01 
(Anonymous, 2013a) and 6.1 (Anonymous, 
2013b),     respectively.    These    data   suggest  

losartan as a very lipophilic compound. Such 
situation might result in difficulties for losartan 
to pass through an aqueous environment in the 
skin. 
 
Modeling of transdermal transport of 
losartan 

The results of the compartmental model 
of transdermal transport of losartan are 
presented in figure 2 (presentation of model 
fitting) and figure 3 (model evaluation based on 
the standard goodness of fit evaluations, i.e. 1) 
the correlation of QO (observed transport of 
losartan) versus QC (predicted transport of 
losartan) presented together with line of identity 
(panels a); 2) the correlation of residual versus 
time (panels b); and 3) the correlation of residual 
versus QO (panels c)).  

Data in figure 2 showed model 2-A 
could describe the observation data better than 
other models. Such indication was in agreement 
with data on figure 3, where the goodness of fit 
evaluations also indicated the less deviation 
between model prediction and the observed 
data.  

Further evaluation was performed based 
on the AICc calculation (Motulsky and 
Christopoulos, 2003). The results of AICc 
parameters calculations are presented in table I. 
According to the recent approach, model with 
the lowest value of AICc value should describe 
the observed data better than the other models.  
Data in table I demonstrate that Model 2-A has  

              

 
 

Figure 2. Observed data of transdermal transport of losartan of 3 samples in transport studies, 
presented together with the model prediction using model 1-A (-..-), model 1-B (-.-.), model 2-A 
(-- ) and model 2-B (- - -) 
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Figure 3. Typical examples of goodness of fit (GOF) of transdermal iontophoresis of losartan 
(sample no II) fitted using model 1-A, 1-B, 2-A, and 2-B. Panels a depict GOF based on the 
correlation of QO (observed transport of losartan) versus QC (predicted transport of losartan) 
presented together with line of identity (solid line). Panels b and c respectively depict GOF 
evaluations based on correlation of residual versus time, and correlations of residual versus QO. 
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the lowest value of AICc. Thus, the AICc 
analyses also suggested model 2-A as the best 
model to properly describe transdermal 
transport of losartan. 

Moreover, it is very interesting to 
observe that transdermal transport of losartan 
was best described using model 2-A. As 
presented in figure 1, the model implements 2 
separate lag compartments (compartments 3 
and 5) after the outer part of skin (stratum 
corneum, compartment 2). The presence of 
both lag compartments may retain drug 
molecules longer before entering into the 
acceptor compartment (compartment 4 in 
Figure 1). Surprisingly, it is in agreement with 
the analyses that due to its high lipophilicity, 
losartan has difficulties to pass through the 
hydrophilic parts of the skin, i.e. epidermis and 
dermis. Thus, most likely, the lag compart-
ments are present in these parts of skin.  

Moreover, there are several possible 
explanations why there are separate lag 
compartments in this transport. First, losartan 
is present in 2 forms, either as unionized or as 
ionized states. Values of skin pH were reported 
in several studies, briefly it was in the range of 4 
to 6 (Plasencia et al., 2007). As the pKa of 
losartan is 4.9 (Pedroso et al., 2009), based on 
Henderson-Hasselbalch equation, losartan will 
be approximately in 50:50 fractions of 
unionized and ionized forms. According to 
calculation using Marvin software (ChemAxon, 
2013), the log P of ionized losartan is 0.49 
while in the unionized form its value is 
estimated at 5.08. Thus the ionic form will have 
difficulties to cross the stratum corneum while 
the unionized form should have difficulties to 
transport across the hydrophilic part of the skin 
(epidermis and dermis). 

In contrast, the proposed models (model 
2-A and 2-B) indicated the lag compartment 
were present somewhere after the outer part of 
skin. It seems to be controversial that the 

model indicated even for the ionized part of 
losartan, the lag compartment is not located on 
the stratum corneum itself. Such confusion 
should be solved by considering the skin 
pretreatment using oleic acid as well as the 
presence of propylene glycol in the donor 
solution. Combination of oleic acid and 
propylene glycol are well known to have 
enhancement effect on transdermal transport 
of several compound. In this respect, stratum 
corneum lipids could become perturbed, which 
result in an easier drug passage across this 
outermost layer of skin (Larrucea et al., 2001). 

The remaining question on why there are 
2 lag compartments after the stratum corneum 
could be answered by considering the fact of 
the excised rat skin. As the epidermis and 
dermis layers of the living skin contain a lot of 
water, when skin has been excised from the 
body, the water turn into a stagnant condition. 
This, in fact, could present as the barrier 
retaining the drug molecules, and functioning 
as a lag compartment. There are 2 lag 
compartments, as the ionized and unionized 
losartan may have different challenges to pass 
through the stagnant layers. The ionized part, 
due to higher solubility in water, could pass 
through the dermis and dermis easier than the 
unionized one. Thus, the unionized part of 
losartan stays longer than the ionized one, 
which result in a different duration of lag time.  

It is clear that, the proposed compart-
ment model, i.e 2-A, could explain the 
transport data, and even to explain how the 
mechanism of drug transport across stratum 
corneum. Moreover, although more studies will 
be required to fully shed light on the 
mechanism of transdermal transport across the 
skin, the finding of the research strongly 
suggested that the proposed compartmental 
model could provide insight into the 
mechanism which is difficult to be solved using 
other methods. 

Table I. AICc Parameters of model 1-A, 1-B, 2-A and 2-B to describe transdermal transport of 
losartan 
 

Replicate Model 1-A Model 1-B Model 2-A Model 2-B 
1 33.89  79.43   -121.97  -82.74 
2 25.48  72.36   -107.38  -86.07 
3 85.03  95.81   -101.97  -61.42 
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CONCLUSION 
In conclusion, the investigation indicates 

that the compartmental modeling approach 
appropriately describe transdermal transport of 
losartan in vitro. The model could also be used 
to determine losartan transport mechanism.   
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