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Abstract
The aim of present work is to study the in-vitro drug-drug interaction studies of levocetirizine with HMG-CoA 

reductase inhibitors (atorvastatin, simvastatin and rosuvastatin) in different pH environments in simulated gastric juice 
(pH 1) simulating full stomach juice (pH 4), blood pH (pH 7.4) and simulated GI (pH 9) at physiological temperature 
(37°C). The interactions were carried out using dissolution apparatus and dug contents were analyzed by UV-Visible 
spectrophotometer. The availability of levocetirizine in the presences of HMG-CoA reductase inhibitors were determined 
by deriving a simultaneous equation for two component system through modification of Beer’s law. It was observed that 
availability of levocetirizine after interaction with MG-CoA reductase inhibitors was increased or decreased due to the 
formation of charge transfer complexes between them.
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Introduction
Levocetirizine (Figure 1) or 2-[2-[4-[(R)-(4-chlorophenyl)-

phenyl-methyl] piperazin-1-yl] ethoxy] acetic acid, is a non-sedative 
anti-allergic drug. It is used to manage intermittent and persistent 
allergic rhinitis by inhibits binding of histamine to its receptor [1]. 
Levocetirizine is prescribed to relieve runny nose, sneezing and 
redness and itching caused by hay fever and also seasonal allergies. 
As levocetirizine is a weak permeability glycoprotein (PgP) substrate; 
therefore, it should be taken with caution with the drugs which are 
either PgP substrate such as ketoconazole, cyclosporine or verapamil 
or PgP inducers like verapamil or rifampicin or inhibitor such as 
azithromycin, erythromycin, verapamil or itraconazole [2-4].

HMG-CoA reductase inhibitors (Figure 1) inhibit cholesterol 
synthesis in the liver by blocking 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA), induce osteoblast activity and lead to bone formation 
[5-11]. They are the most commonly prescribed agents for the treatment 
of hypercholesterolemia because of their efficacy in reducing low 
density lipoprotein and their excellent tolerability and safety [12-14]. 
Simvastatin is administered in the lactone form, after absorption, the 
lactone ring opens in the liver by chemical or enzymatic hydrolysis and 
the active hydroxy acid is generated. Pravastatin is administered as an 
acid and is present in the active form. HMG-CoA reductase inhibitors 
may also alter the concentrations of other drugs, such as warfarin or 
digoxin, leading to alterations in effect or requiring clinical monitoring 
[15].

The combination of HMG-CoA reductase inhibitors with certain 
drugs that are CYP3A4 inhibitors or substrates increases the risk of 
myopathy, presumably by inhibiting the metabolism of the HMG-
CoA reductase inhibitors and increasing its blood concentration. These 
drugs include cyclosporine [16], erythromycin [17,18], clarithromycin 
[19] and mibefradil [20]. Fibrates and niacin also increase the risk 
of statin-induced myopathy via a mechanism that does not increase 
plasma statin concentrations [21,22]. Myopathy has been reported with 
pravastatin even though it is not metabolized significantly by CYP [23]. 
The interaction of levocetirizine has also been reported with gliquidone 
[24] and human serum albumin as well [25].

Before, our research group explored a number of drug-drug 
interactions of hypoglycemic agents [26], NSAIDs [27-29], statins [30], 
atenolol [31], NIDDM drugs [32] and H2-antagonists [33].

The purpose of present work is to study the probable invitro 
interaction of levocetirizine with HMG-CoA reductase inhibitors 
(atorvastatin, simvastatin and rosuvastatin) at physiological temperature 
(37°C) in different pH environments simulated gastric juice (pH 1), 
simulating full stomach juice (pH 4), blood pH (pH 7.4) and simulated 
GI (pH 9). The method is fast, inexpensive and comprises a simple B.P. 
dissolution apparatus.

Materials and Methods
Materials

Levocetirizine was a kind gift from Hilton Pharma. Atorvastatin, 
simvastatin and rosuvastatin were obtained from PharmEvo (Pvt.) 
Ltd. The dosage forms of levocetirizine (Leozin® 5 mg), atorvastatin 
(Derot® 10mg), simvastatin (Limitrol® 10mg) and rosuvastatin 
(X-plended® 5mg) and were purchased from the pharmacy. Potassium 
chloride, potassium dihydrogen orthophosphate, disodium hydrogen 
orthophosphate, ammonia solution and hydrochloric acid were 
purchased from Merck, Darmstadt, Germany. All the reagents used 
were of analytical grade and double distilled deionized water was used 
throughout

Instrumentation

Electrical balance ( Mettler Toledo # AB54), pH meter 
(Mettler Toledo MP220), UV- Visible 1601 Shimadzu double beam 
spectrophotometer, 1 cm rectangular quartz cells, Quick fit ground 
glass distillation assembly, water bath, Deionizer (Stedec CSW- 300), 
distillation unit (GFL Type 2001/2). Drug interactions were carried 
out by using dissolution equipment was manufactured to the B. P 2007 
standards [34]. It consisted of dissolution motor and a variable speed 
controller with stainless steel basket assembly. The rotation speed of the 
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basket assembly was fixed ± 0.5 rpm throughout the experiment. The 
dissolution assembly was immersed in a water bath at 37°C ± 0.1°C. The 
drug was analyzed by measuring absorbance of the aliquots on a UV/
VIS spectrophotometer (Shimadzu 1601).

Preparation of buffers solutions

Simulated gastric juice (pH 1) buffer was prepared by taking 
appropriate amount of hydrochloric acid into 500 mL of water and 
volume was made with deionized water in one liter volumetric flask. 
Buffer of pH 4.0 was prepared by taking 3.725 g of potassium chloride 
in deionized water in one liter; the pH was adjusted to 4 with 0.1 N 
hydrochloric acid. pH 7.4 buffer was prepared by taking 0.6 g potassium 
dihydrogen orthophosphate, 6.4 g disodium hydrogen orthophosphate 
and 5.85 g sodium chloride in 1000 mL deionized water and pH was 
adjusted if necessary. Similarly, pH 9 buffer was prepared by dissolving 
4.98 g of ammonium chloride in 1000 mL of deionized water and pH 
was adjusted to 9 with ammonia solution.

Calibration curve

For calibration curve, working standard solutions of each 
concentration ranging from 0.01 to 0.055 mMole for HMG-CoA 
reductase inhibitors and 0.01-0.09 mMole for levocetirizine were 
prepared in simulated gastric juice (pH 1) and buffers of pH 4, 
7.4 and 9. The absorbance maxima were scanned in the region of 
200-700 nm for these solutions against the reagent blank. Graph 
was plotted for absorbance against concentration and straight 
line was obtained which obeyed Beer Lambert’s Law. Epsilon 
values of all drugs were calculated in all these buffers at their 
respective λmax.

Invitro availability studies 

The invitro availabilities of levocetirizine and HMG-CoA reductase 

inhibitors (atorvastatin, simvastatin and rosuvastatin) were studied 
at physiological temperature (37°C) in individual dosage formulation 
in simulated gastric juice (pH 1) and buffers of pH 4, 7.4 and 9 using 
B.P dissolution apparatus. 5 mg of levocetirizine was introduced in 1 
liter dissolution fluid and kept on water bath maintained at 37°C. 5 mL 
aliquots were taken after every 15 minutes for 2 hours and volume was 
maintained by adding an equivalent amount of fluid withdrawn. The 
sample was scanned in the range of 200-700 nm beside reagent blank. 
Same procedure was adopted for invitro availability studies of HMG-
CoA reductase inhibitors.

Drug-drug interactions studies

The invitro interaction studies of levocetirizine with HMG-CoA 
reductase inhibitors in simulated gastric juice (pH 1), buffers pH 4, 7.4 
and pH 9 were carried out at 37°C on a B.P 2007 dissolution apparatus. 
In this set of experiments levocetirizine 5 mg with statins (rosuvastatin 
5 mg, simvastatin 10 mg and atorvastatin 10 mg) were added to the 
dissolution medium (pH 1, 4, 7.4 and pH 9) at zero time. Aliquots of 
5 mL were withdrawn intermittently at 15 minutes time interval for 
180 minutes and assayed for the drug content after appropriate dilution. 
The volume of dissolution fluid was maintained by adding an equivalent 
amount of dissolution fluid withdrawn, which has been previously 
maintained at same temperature in the same bath. The samples were 
scanned in the range of 200-700 nm against reagent blanks. Graphs were 
plotted for % availability of drug versus time in each set of experiment.

Results and Discussion
Quantification of drugs

The interaction studies between levocetirizine and HMG-CoA 
reductase inhibitors (simvastatin, atorvastatin and rosuvastatin) 
were conducted in buffers of pH 1, pH 4, 7.4 and 9 at physiological 
temperature (37°C). Simultaneous equation was used to measure 
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Figure 1: Chemical structures of HMG-CoA Reductase Inhibitors and Levocetirizine.
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the quantities of levocetirizine and HMG-CoA reductase inhibitors 
present in the same solution. This equation can be written as follows for 
levocetirizine and atorvastatin simultaneous determination: 

231 2 241 1
b

2 1 1 2

A . a A . a
C

a  b a  b
−

=
−

    

Similarly,

 231 2 241 1
a

1 2 1

A . b –  A . b
C

a b –  a2 b
=

Where Ca and Cb were the concentration of levocetirizine and 
simvastatin, a1 and a2 were the molar absorptivites of levocetirizine 
at 231 and 241 nm, while b1 and b2 were the molar absorptivites of 
simvastatin at 231 and 241 nm. These equations were used to measure 
the quantities of levocetirizine and HMG-CoA reductase inhibitors 
simultaneously present in solution. Prior to these studies, the validity 
of the spectrophotometric assay methods for individual drugs was 
checked with the reference drugs, and molar absorptivities of both the 
interacting drugs at the λmax of each drug were calculated. Similarly, 
atorvastatin and rosuvastatin were determined along with levocetirizine 
in solutions using these equations.

Interaction studies

The interaction studies of levocetirizine with HMG-CoA 
reductase inhibitors were carried out in buffer of pH 1, 4, 7.4 and 9 
at 37°C simulating body environment. The results of the interaction 
of levocetirizine with HMG-CoA reductase inhibitors are plotted in 
Figures 2a-2d and difference in the extent of drug interaction has been 
observed. 

The interaction study of levocetirizine with atorvastatin almost 
resulted in a significant effect on the availabilities of levocetirizine as 
well as atorvastatin in pH 4. At the end of the experiment 16.87% and 
22.19% of levocetirizine and atorvastatin were available respectively. 
In pH 1, 7.4 and 9, levocetirizine availabilities were 105.47%, 134.88% 
and 81.38% respectively. Retardation in the availability of atorvastatin 
was observed in pH 9 which is 60.77%. On the other hand, 154.79% 
and 168.65% of atorvastatin was available in pH 1 and 7.4 respectively 
(Figures 2a-2d).

The availability of levocetirizine increased significantly in buffer 
pH 1 and 7.4 when there was an interaction with simvastatin. In pH 1, 
608.83% of levocetirizine was initially available that reached to 340.61% 
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Figure 2: 2a-2b: Bar 1 shows the availability of levocetirizine alone, bar 2 and 3 shows the % availabilities of levocetirizine in presence of atorvastatin and simvastatin 
respectively in pH1.
2b-2d: Bar 1 shows the availability of levocetirizine alone, bar 2, 3 and 4 shows the % availabilities of levocetirizine in presence of atorvastatin, simvastatin and 
rosuvastatin in buffers of pH 4, 7.4 and 9 respectively.
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at 120 minutes. In buffers of pH 7.4 levocetirizine showed 287.90% 
availability. In pH 4, interaction between levocetirizine and simvastatin 
was occurred because zero% levocetirizine was available and increased 
quantity of simvastatin i.e, 522.93% was available. 92.46% levocetirizine 
and 59.86% simvastatin were available in pH 9. Simvastatin showed 
88.15% and 79.25% availability in pH 1 and 7.4 respectively. These 
results are shown in Figures 2a-2d.

The interaction of levocetirizine with rosuvastatin in buffers of pH 
4 increase the availability of levocetirizine upto 281.38% but 104.07% 
and 100.90% of the drug was available in pH 7.4 and 9 respectively; 
where as increased availability of rosuvastatin was observed in pH 7.4 
and 9 i.e, 455.01% and 264.47% whereas only 60.77% of rosuvastatin 
was available in pH 4 (Figures 2a-2d).

The high availability of levocetirizine or HMG-CoA reductase 
inhibitors in the presence of each other is ascribed to the formation of 
charge transfer complex between them. As this charge transfer complex 
has high molar absorptivity as a result availability was perceived higher. 
On the other hand, low availability of levocetrizine or HMG-CoA 
reductase inhibitors is because of formation of charge transfer complex 
of low molar absorptivity or suppression of levocetirizine availability by 
HMG-CoA reductase inhibitors [26].

Conclusions
The interaction results between levocetirizine and HMG-CoA 

reductase inhibitors reveal that levocetirizine has tendency to bind with 
the mentioned interacting drugs. This results in significant change in 
the availability of not only levocetirizine but also of interacting drugs 
in most of the cases. These interactions reveal that charge transfer 
complexes are formed in between levocetirizine and HMG-CoA 
reductase inhibitors. This may affect the availability of levocetirizine and 
interacting drugs. On the basis of these findings, it is anticipated that 
availability of levocetirizine can be affected by the co-administration of 
these classes of drugs, leading to decrease or loss of therapeutic efficacy 
of these drugs. Therefore, for the co-administration of these two classes 
of drugs, a proper interval should be maintained.
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