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Introduction
Rosuvastatin belongs to the statin family (lovastatin, simvastatin, 

pravastatin, atorvastatin, etc.) and like them, acts as a competitive 
and selective inhibitor of the HMG-CoA reductase enzyme. It has not 
been demonstrated that it has the ability to avoid complications such 
as coronary heart disease or effects on cardiovascular morbidity and 
mortality [1]. From the clinical point of view, different international 
guidelines include the use of statins in primary and secondary 
cardiovascular prevention. Likewise, primary cardiovascular prevention 
with Rosuvastatin in normolipidemic patients with high C-reactive 
protein (CRP) has been demonstrated [2,3].

Rosuvastatin, like other statins, has demonstrated various 
beneficial effects on multiple targets that could be independent of its 
hypolipemiant effects, but it has not been determined whether they are 
clinical benefits [4,5]. These pleiotropic effects include improvements 
in endothelial function [6-8], anti-inflammatory effects, cardiovascular 
and anti-atherosclerotic effects [9,10], vascular and cardio-cerebral 
protective effects [11] and improvements in neural function [12]. 

The aim of the present study was to establish the Bioequivalence 
of two formulations of Rosuvastatin 40 mg tablets, by comparing 
its Bioavailability after a single dose between the Test product 
by Tecnoquímicas S.A. (Colombia) and Crestor® de AstraZeneca 
(Reference product). 

Materials and Methods
Formulations under study

Test product: Rosuvastatin 40 mg tablet, made and distributed by 
Laboratorios Tecnoquímicas S.A. in Colombia. Batch 3P3123.

Reference product: Crestor® Rosuvastatin 40 mg tablet, made and 
distributed by AstraZeneca. Batch KF476.

In order to declare the Pharmaceutical Equivalence between them 
before the development of in vivo study, physicochemical properties 

such as the active ingredient assessment and dosage uniformity were 
evaluated for the Test and Reference products and are results shown 
in Table 1.

Subjects: A total of 30 healthy volunteers of both genres, 15 women 
and 15 men, non-smokers, in a range of average age of 32 years (19 to 
49 years), a mean weight of 61 kg (48 to 84 kg), a mean height of 161 cm 
(143 to 176 cm) and an average BMI of 23.2 kg/m2 (19.0 to 27.7 kg/m2) 
completed the study Table 2.

Before the clinical phase, all volunteers went through a medical 
exam and laboratory tests in order to confirm their health condition. 
Women were also asked to perform a pregnancy test. History of 
alcoholism, preexisting diseases that compromised the liver or kidney 
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Table 1: Results of the physicochemical tests of the Test and Reference product.

Physicochemical 
characteristic

Test product Reference product

Description Round biconvex pink 
tablet

Oblong biconvex pink 
tablet

Assessment – 
Rosuvastatin Sodium

105,5% of labeled 102,7% of labeled

Dissolution 94%
97%
97%
97%

102%
95%

93%
94%
93%
95%
94%
101%

Dose uniformity L<15 L<15
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functions, blood dyscrasia or proteinuria were considered as exclusion 
factors. 

Medical exams and clinical laboratory tests: Complete blood 
count , total and direct bilirrubin, creatinine, blood glucose, total 
proteins, complete urine analysis, Elisa for HIV, antibodies against 
hepatitis C and B, electrocardiogram and pregnancy test in women 
were asked as clinical laboratory tests.

Informed consent obtainment: The protocol and Informed 
Consent were authorized by the Ethic in Clinical Research Committee 
from the Universidad de la Sabana (CEIC), which is governed by the 
legal and ethical guidelines  of the resolutions  008430 of 1993 and 
002378 of 2008 of the Ministry of Social Protection (Colombia), of the 
World Conference on Harmonization for Good Clinical Practice for the 
institutions conducting research in human beings and the principles of 
the World Medical Assembly published in the Helsinki Declaration, last 
revision in  2013 [13].

A lecture was performed with the volunteers in order to explain 
the study in detail, making emphasis in the kind of drug used, dose, 
possible drug adverse reactions, blood volume that would be drawn 
in each phase of the study, the material by which these samples would 
be obtained, the staff on charge of obtaining them and monitoring 
the experience, dietary restrictions that they would have to face, and 
in general, all the information that they required to freely decide their 
enrollment in the study. Subsequently, each one of them signed an 
informed consent form. 

Study design: An open-label, randomized, two period, two 
sequences, crossover with a washout period of 7 days design was used. 
Three days before the beginning of each period, volunteers had to 
abstain from taking any kind of drugs, alcohol or any food or drink 
that contained methylxanthines. These restrictions were maintained 
during all the sampling time. All volunteers were randomly assigned to 
a treatment sequence. 

Drug administration: Volunteers had a 10 hours fasting previous 
to the drug administration, which was delivered with 200 mL of water 
in a 40 mg dose of Rosuvastatin [5], that means 1 tablet of 40 mg to each 
volunteer and two hours later, standardized feed was given to each one 
of the volunteers. Three complete meals (breakfast, lunch and dinner) 
and two snacks (one in the morning and one in the afternoon) were 
given during the hospitalization period.

The sampling team consisted on a physician and a licensed nurse. 
Immediately before administering the drug, a blood sample was 
obtained by venipuncture in the arm using a Vacutainer®, which was 
called the time zero sample. All volunteers received the Test product 
or Reference product according to the randomization, and 14 venous 
blood samples were taken according to the following times: 0; 2, 3, 3,5, 
4, 4.5, 5, 6, 7, 8, 10, 24, 36 and 48 hours. Samples were labeled for their 
identification and centrifuged at 3000 rpm for 30 minutes. Plasma was 
transferred into a previously labeled tube and frozen at -20ºC for later 
analysis. Administration was repeated after 7 days of washing time, 
completing the second study period.  

Analytical method validation: The validation was performed in 
compliance with the validation procedure of bioanalytical methodology 
established by QUASFAR M&F S.A. (PL-021) which meets the 
FDA suggestions to demonstrate a suitable specificity, linearity, 
precision, and accuracy [13].The bioanalytical method employed for 
Rosuvastatin quantification in plasma was ultra-high-performance 
liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) 
in electrospray ionization (ESI) mode [14-16]. 

Plasma samples were acidulated with methanol and acetic acid 
to form an ionic complex with tetra-n-butylammoniumhydroxide 
(0.5%). Liquid-liquid extraction was made with ethyl acetate. Analyte 
separation was achieved with a Zorbax Eclipse Plus C18 RHHD 2.1 x 
50 mm, 1.8 μm Column. Isocratic elution was performed with a mobile 
phase comprised by Buffer:MeOH 20:80 (Buffer: Formic acid 2%). 
Total run time was 1.5 min. Rosuvastatin was detected with an ESI+ 
ionizaton mode, and monitoring the 482.2 --- 258.2 m/z transition. 
UHPLC injection volume was 10.0 µL.

Pharmacokinetic analysis: The pharmacokinetic analysis was 
performed using the WinNonlin 5.3 software (Pharsight Corporation, 
Cary USA), by a non-compartmental analysis. The maximum 
concentration (Cmax) and time to reach it (tmax) were directly obtained 
from the plasma concentration results, as the FDA [17] and the European 
Medicines Agency (EMA) [18] recommend. The  AUCtotal was calculated 
by the sum of partial AUC: a) AUC0-t, between time zero and the last 
time with detectable concentrations, calculated by the trapezoidal 
rule, and guaranteeing the calculation of at least the 80% AUC with 
the last sample, b) AUCt-∞ calculated as the C/K ratio, being C the last 
detectable concentration and K the slope of the curve obtained by linear 
regression of the points corresponding to the elimination phase of the 
drug by linear regression of the natural logarithm of the concentrations 
[10]. The elimination rate constant (Ke), half-life (t½), clearance (Cl) 
and the mean residence time (MRT), adjusted to Bioavailability, were 
calculated after performing the non-compartmental analysis.  The 
pharmacokinetic variables results are summarized in Table 3, with the 
Cmax, AUC0-t, AUC0-∞, Tmax and elimination rate constant (Ke) values of 
each of the studied formulations. 

Statistical analysis: Analysis of variance (ANOVA) was used to 
determine possible effects for each variation factor for sequence, period 
or subjects. For this, the F-test was used with a 5% (α=0.05%) statistical 
significance. Statistical comparison of the transformed pharmacokinetic 
parameters of both formulations was made using the WinNonlin 
version 5.3 statistical programs. The following Bioequivalence criteria 
was established in the protocol: the 90% confidence interval of Test 
Cmax / Reference Cmax  and Test last AUC / Reference last AUC, ratios 
that must be within the 80-125% acceptability range. Besides, the 
last parameter AUC must not be less than the 80% of the total AUC 
parameter. 

Adverse events report: There were no adverse events, which was 
recorded according to the INVIMA (Colombian regulatory authority) 
guidelines, Provision Nº (1067/08), which defines the event as severe or 
not severe, and then in function of its definition, as probably, possible 
or not related with the drug study. Cases are only reported as received 
from the research unity and without statistical estimation, since the 
sample size does not have sufficient statistical power. 

Results 
Analytical results of the active ingredient content, dose uniformity 

and dissolution test complied with the specifications required for the 

Table 2: Demographic data of volunteers included in the pharmacokinetic and 
statistical analysis.

Demographic Variable Obtained mean (n=30)
Age (years) 32 ± 8,6
Height (cm) 161 ± 8,3
Weight (kg) 61 ± 8,8
BMI (kg/m2) 23 ± 2,1
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The statement of Pharmaceutical Equivalence allowed qualifying 
the in vitro quality attributes of both formulations. The design of this 
study with healthy volunteers, two periods, two sequences, single dose, 
crossover, minimizes variability and allows evaluating the effects of 
the formulation.  The analytical method used was selective, precise, 
accurate and robust. All the 30 volunteers completed the study and did 
not present adverse events with neither of the studied formulations. The 
washout period was longer than the recommended 7 elimination half-
lives and guaranteed the absence of carryover effect between periods. 

Li et al. [21] and Gao et al. [22] reported similar pharmacokinetic 
values for Cmax, Tmax and AUC in studies carried out in Chinese healthy 
volunteers to those reported in our study with healthy Colombian 
volunteers. There were no gender differences either. Adverse reactions 
to Rosuvastatin were minimal in both populations.

However, they also evaluated pharmacokinetics in fed conditions 
and they reported lower Cmax and AUC values when administered in 
fed conditions compared to fasting conditions, which suggests that 
Rosuvastatin should be administered with an empty stomach to avoid 
an absorption decrease. 

The aim of the present study was to evaluate the Bioequivalence 
between two formulations of Rosuvastatin 40 mg. Figure 1 shows the 
curves of mean plasma concentration vs. time graphics, where similarity 
can be observed. Moreover, the means of AUC0-t and Cmax were not 
significantly different and the 90% confidence intervals of ratio (Test/
Reference) for the logarithmically transformed mean criteria of AUC0-t 
and Cmax comply with the range established by the FDA [17] and EMA 
[18] (Table 4). 

For Rosuvastatin, incorporating a Bioequivalent form to 
pharmacological treatment of dyslipidemia contributes with the clinical 
objective of primary and secondary prevention of cardiovascular disease. 

In response to this evidence, the present study performed between 
the Test product by Tecnoquímicas S.A. and Crestor® by AstraZeneca 
in Colombian population, shows the possibility of interchangeability 
between these two formulations. [17-19,23].

Conclusion
Rosuvastatin formulation made by Tecnoquímicas S.A., Test product, 

and the formulation made by AstraZeneca (Crestor®), Reference product, 
have pharmacokinetic parameters that allow declaring Bioequivalence 
between both formulations. 

declaration of Pharmaceutical Equivalence, as is shown in Table 1. 
The comparative dissolutions profiles show a difference factor (f1) of 
2,6, within the 0-15 compliance range and a similarity factor (f2) of 74 
that equally accomplishes with the compliance range 50-100 for this 
variable.

The analytical method showed to be specific, since there was no 
interference between the components of the matrix in the identification 
and quantification of Rosuvastatin. Precision showed coefficients of 
variation below 15% for low (1.0 ng/mL, CV: 8,33%), medium (50 ng/
mL, CV: 4,36%) and high (100 ng/mL, CV: 2,21%) levels. Accuracy 
was determined comparing the relation of the sample areas against 
5 calibration curves of the system and deviations below 20% were 
obtained for the lower concentrations of the curve and below 15% for 
the other concentrations, thus complying with the specification.  The 
quantification limit was 1 ng/mL and the detection limit was 0.1 ng/mL. 

A total of 30 healthy Colombian volunteers of both genres (50% 
women and 50% men) participated in the present study, completing 
both periods and were included in the pharmacokinetic and statistical 
analysis. Demographic data are summarized in Table 2. Both treatments 
were well tolerated, without the presence of adverse events.

Table 3 shows the mean pharmacokinetic parameters obtained 
from all volunteers (mean ± SD) and Table 4 shows the 90% confidence 
intervals of logarithmically transformed pharmacokinetic parameters, 
analysis performed in order to determine Bioequivalence between the 
Test product by Tecnoquímicas S.A. and the Reference by Crestor® 
AstraZeneca.

Discussion 
Controlling drug costs is a constant search from governments [19], 

therefore the use of multisource products that demonstrate safety and 
good risk / benefit profile, through validated research to do so, such 
as Bioequivalence studies, that allow the interchangeability between 
generic vs. Reference products without the need of repeating the 
clinical studies in patients [20] is the best option for patients and the 
financial system of a country. 

WHO recommends in its guidelines for conduction of studies of 
comparative Bioavailability, to perform in vivo test on the multisource 
products in order to evaluate a dose and a sudden increase of plasma 
drug concentration, which was evaluated in the present study [20]. 

Table 3: Pharmacokinetic parameters of Rosuvastatin of Test product 
(Tecnoquímicas S.A.) and Reference product (Crestor®) followed by a single oral 
dose of 40 mg on fasting state.

Parameter (unit) Test product Reference product
Cmax (ng/mL) 21,1 ± 9,6 20,4 ± 10,2

AUC0-t (ng.h/mL) 191,7 ± 94,2 194,1 ± 97,0
AUC0-∞ (ng.h/mL) 234,6 ± 126,8 298,0 ± 176,4

Tmax (h) 3,2 ± 1,2 3.3 ± 1,1
Ke (1/h) 0,113 ± 0,166 0,082 ± 0,103

Table 4: 90% confidence intervals of logarithmic transformed pharmacokinetic 
parameters of two formulations containing Rosuvastatin (Test and Reference 
product) following administration to healthy volunteers.

Units Ratio% 90% standard CI (Test/
Reference)

Ln(Tmax) hr 95,9 83,5 110,2
Ln(Cmax) ng/mL 104,2 89,5 121,4

Ln(AUClast) hr*ng/mL 96,9 82,0 114,6
Ln(AUCall) hr*ng/mL 98,0 84,3 113,9
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Figure 1: Bioavailability curve (Concentration vs. Time) obtained following a 
dose on fasting state of Rosuvastatin 40 mg of the Test product (Tecnoquímicas 
S.A.) and the Reference product (Crestor® de AstraZeneca)
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*The test product is manufactured by Laboratorios Tecnoquímicas
S.A. in Jamundí, Colombia and commercialized in Colombia and 
Ecuador as Rosuvastatina MK® and in Central America as Rosuvastateg 
TG®, the reference product is manufactured by Laboratorios IPR 
Pharmaceuticals Inc., in Puerto Rico, and commercialized in Colombia 
by AstraZeneca Colombia S.A. as Crestor®.
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