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Abstract

Objective: To evaluate the bioequivalence (BE) of two fixed-dose combination
(FDC) formulations of Rosuvastatin and Ezetimibe: Cresadex” EZE 20/10 mg
(Abbott Laboratories) as the reference formulation (R), and Racor’ Duo 20/10
mg (Laboratorios Leti, S.A.V.) as the test formulation (T). Method: A ran-
domized, single-dose, two-period, two-sequence, open-label, crossover design
was employed. Subjects received a single oral dose of either the Test or Refer-
ence formulation under fasting conditions, with a 12-day washout period be-
tween treatments. Male subjects aged 18 - 45 years with normal health and
laboratory values were included. Exclusion criteria encompassed any medical
conditions, recent surgery, drug or alcohol use, and hypersensitivity to the
study drugs. Blood samples were collected at pre-dose and multiple post-dose
time points and analyzed using a validated LC-MS/MS method to quantify
Rosuvastatin and Ezetimibe concentrations in plasma. Descriptive statistics
were used to summarize pharmacokinetic (PK) parameters. ANOV A was con-
ducted to compare the In-transformed values of Cpax, AUCy, and AUCy-..
Schuirmann’s two one-sided t-tests were applied to assess bioequivalence
(BE). Results: The 90% Confidence Intervals for the In-transformed ratios of
Cuaow AUCq-, and AUGC,_., fell within the acceptance range of 80% to 125%,
demonstrating bioequivalence between the Test and Reference formulations.
Both formulations were well-tolerated, with no serious adverse events re-
ported. Conclusions: The results of this study confirm the bioequivalence of
the two tested FDC Rosuvastatin/Ezetimibe formulations: Cresadex” EZE (Ab-
bott Laboratories) and Racor” Duo (Laboratorios Leti, S.A.V.). These findings
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endorse the therapeutic interchangeability of these products, providing clini-
cians with greater flexibility in the treatment of hyperlipidemia.
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1. Introduction

Rosuvastatin is a synthetic lipid-lowering agent classified as a member of the statin
drug class. Its mechanism of action involves the competitive inhibition of the en-
zyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, which is
a rate-limiting enzyme in the biosynthetic pathway for cholesterol production in
the liver. It is primarily used to lower cholesterol levels in the blood and reduce
the risk of cardiovascular diseases, including heart attacks and strokes [1]. Ezetimibe
is a lipid-lowering medication that is primarily used to reduce levels of total cho-
lesterol and low-density lipoprotein (LDL) cholesterol in the blood. Unlike statins,
which reduce cholesterol synthesis in the liver, ezetimibe works by inhibiting the
absorption of cholesterol from the small intestine. Specifically, it targets the Nie-
mann-Pick C1-Like 1 (NPC1L1) protein, which is responsible for the uptake of
cholesterol in the intestines. By blocking this protein, ezetimibe reduces the
amount of cholesterol that enters the bloodstream, leading to lower cholesterol
levels overall. It is often prescribed in combination with statins for patients who
need additional cholesterol reduction [2]. Rosuvastatin is rapidly absorbed after
oral administration, with peak plasma concentrations occurring approximately 5
hours after dosing. The drug’s bioavailability is around 20%, which is enhanced
by taking it with food, is highly protein-bound (approximately 88%) in plasma
and distributed throughout the body, including the liver, which is the primary site
of its action. The drug is not extensively metabolized by the cytochrome Pyso en-
zyme system, which reduces the potential for drug-drug interactions. The elimi-
nation half-life of rosuvastatin is approximately 19 hours, allowing for once-daily
dosing and it is excreted mainly via the feces (approximately 90% of the dose) and
to a lesser extent via urine [3]. Statins metabolized by CYP3A4, such as simvas-
tatin and atorvastatin, are more prone to drug interactions, increasing the risk of
muscle toxicity. Conversely, pravastatin and rosuvastatin, which are less depend-
ent on the cytochrome Puso system, have fewer interactions, making them safer
options for patients at higher risk. While statins can cause mild liver enzyme ele-
vations, these are rarely linked to liver damage. Statins are vital for reducing car-
diovascular risk, with serious side effects like rhabdomyolysis being extremely
rare. Most side effects, such as myalgia, are mild and reversible. Although statins
may raise the risk of diabetes at high doses, their cardiovascular benefits outweigh
this risk in high-risk patients. Regular monitoring and personalized treatment are

essential to balance efficacy and safety in statin therapy [4]. Ezetimibe is efficiently
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absorbed after oral administration and is extensively conjugated to its active me-
tabolite, ezetimibe-glucuronide. Following a single 10 mg dose in fasting adults,
the mean Cp.x of ezetimibe ranges from 3.4 to 5.5 ng/mL, achieved within 4 to 12
hours (Thmax), while ezetimibe-glucuronide reaches a Cpax 0f 45 to 71 ng/mL within
1 to 2 hours (Tmax). The pharmacokinetics of ezetimibe show dose proportionality
between 5 and 20 mg. Its absolute bioavailability cannot be determined due to its
poor solubility in aqueous media suitable for injection. Ezetimibe is widely dis-
tributed throughout the body with a high volume of distribution, and approxi-
mately 90% of the drug is bound to plasma proteins. It undergoes extensive hepatic
metabolism to form its active glucuronide metabolite but is not significantly metab-
olized by the cytochrome Pisy system. Ezetimibe is primarily excreted in the bile,
with an elimination half-life of about 22 hours, supporting once-daily dosing [5].

The 2019 ESC/EAS Guidelines for managing hyperlipidemia recommend com-
bining lifestyle changes and medications based on individual risk. Lifestyle mod-
ifications include a Mediterranean diet, regular physical activity, smoking cessa-
tion, and limiting alcohol. Statins are the first-line treatment to lower LDL cho-
lesterol, with ezetimibe or PCSK9 inhibitors added if needed. LDL targets are <1.4
mmol/L for very high-risk and <1.8 mmol/L for high-risk patients. Risk assessment
tools like SCORE guide treatment, especially for those with cardiovascular disease,
diabetes, or familial hypercholesterolemia. Regular monitoring of lipid levels and
side effects is essential for effective management [6]. Cigarette smoking disrupts
lipid metabolism, increasing the risk of atherosclerosis and cardiovascular diseases.
It raises total cholesterol (T'C) levels and lowers protective high-density lipopro-
tein cholesterol (HDL-C). Current smokers face a higher risk of developing hy-
perlipidemia, while quitting smoking reduces this risk, emphasizing the benefits
of smoking cessation. Smoking, especially in older individuals with prolonged ex-
posure, is a modifiable risk factor for hyperlipidemia and cardiovascular diseases,
highlighting the importance of reducing smoking and managing lipid levels to pre-
vent heart complications [7].

Complementary mechanism of actions of rosuvastatin and ezetimibe resulted
in a synergistic therapeutic effect when these drugs were used together [8] [9].
They target different pathways involved in cholesterol regulation. Rosuvastatin
reduces cholesterol production in the liver, while ezetimibe reduces cholesterol
absorption in the intestine. This complementary action can lead to a more signif-
icant reduction in LDL-C levels when used together, compared to either drug
alone. This combination can be particularly beneficial for patients who need more
aggressive lipid lowering, such as those with high cardiovascular risk or those who
do not achieve sufficient LDL-C reduction with statins alone. Using a lower dose
of each drug in combination can sometimes reduce the risk of side effects associ-
ated with higher doses of statins [10] [11].

Hypertriglyceridemia, commonly linked with conditions like obesity, hyper-
tension, diabetes, and excessive alcohol intake [12], is also a component of meta-

bolic syndrome and poses an independent cardiovascular risk [13]-[15]. While its
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predictive value for cardiovascular disease diminishes when accounting for HDL
cholesterol, it remains significant [15]. Severe elevations of triglycerides, caused by
chylomicron buildup, can lead to acute pancreatitis, with free fatty acids contrib-
uting to pancreatic and vascular damage [16]-[19]. Statins, particularly potent ones
like rosuvastatin, effectively lower triglyceride levels, especially in high-risk individ-
uals. The mechanism, partially independent of the LDL receptor pathway, likely in-
volves enhanced VLDL uptake by the liver and decreased VLDL production [20].

Regulatory agencies, including the Instituto Nacional de Higiene “Rafael Rangel”
in Venezuela, require bioequivalence data to adhere to international standards and
guidelines [21] [22]. This ensures alignment with global practices and guarantees
that drugs meet established safety and efficacy criteria.

The aim of this study was to assess the bioequivalence (BE) of the fixed-dose com-
bination (FDC) Racor Duo” (Rosuvastatin/Ezetimibe 20/10 mg) film-coated tablet,
manufactured by Laboratorios Leti, S.A.V., Guarenas, Venezuela, as the Test prod-
uct, compared to an equivalent oral dose of the Reference product, Cresadex EZE
(Rosuvastatin/Ezetimibe 20/10 mg) film-coated tablet, manufactured by Laborato-
rio Franco Colombiano Lafrancol S.A.S, Abbott Laboratories, Colombia, in order to

confirm the therapeutic interchangeability of these products.

2. Methods

2.1. Ethical Considerations

This study was conducted ethically in accordance with the principles of the Euro-
pean Medicines Agency, ICH E6 (R2) Good Clinical Practice—Scientific Guide-
line [22], Indian Council of Medical Research (ICMR) [23], Central Drugs Stand-
ard Control Organization, New Drugs & Clinical Trials Rules [24], The World
Medical Association (WMA), WMA Declaration of Helsinki—Ethical Principles
for Medical Research Involving Human Subjects [25] and International Council
for Harmonisation of Technical Requirements for Pharmaceuticals for Human
Use, ICH Harmonised Guideline [26]. The study protocol and the corresponding
Informed Consent Form (ICF) were submitted to an Advisory Committee on Eth-
ics (ACE) Independent Ethics Committee on 22 Aug 2023 and approved on 29
Aug 2023. All subjects participating received full details of the study in verbal and
written in English and/or native (Kannada) language by the medically qualified
study personnel who is trained in study protocol. Written approval for the proto-
col with the corresponding ICF was obtained from the Independent Ethics Com-

mittee before the first administration of study medication.

2.2. Study Design

The study was an open label, analyst blind, balanced, randomized, two-treatment,
two-period, two-sequence, single oral dose, crossover, BE study performed in
healthy adult subjects under fasting conditions.

Coated Tablets of Cresadex” EZE 20/10 mg (Rosuvastatin/Ezetimibe), batch
22C753, manufacture and expiration date 27-03-2023 and 30-06-2025, respectively,
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Laboratorio Franco Colombiano Lafrancol S.A.S, Colombia, Abbott Laboratories
were used as the reference (R) sample and coated tablets of Racor’ Duo 20/10 mg
(Rosuvastatin/Ezetimibe), batch EP-0822542-01, manufacture and expiration
date 16-08-2022 and 16-08-2024, respectively, Laboratorios Leti, S.A.V., Guare-
nas, Estado Miranda, Venezuela were used as the test (T) sample.

All subjects underwent a screening procedure within 28 days before the first
day of their check-in in period I. Upon entering into the study, the subjects were
housed in the clinical facility of ICBio clinical research Pvt. Ltd., for at least 10
hours pre-dose until 24 hours post-dose in each period. Following an overnight
fast of at least 10 hrs, subjects received a single dose of T or R formulation after
performing a randomization schedule using SAS’ 9.4 statistical software that en-
sured balanced allocation to each study period. A washout period of 12 days was
maintained between Period-I and Period-II of the study. Male subjects who met
the following criteria were included in the study: aged 18 - 45 years, BMI between
18 - 30 kg/m?, normal clinical history and laboratory values, normal vital signs,
chest radiography and 12-lead ECG, negative tests for HIV, Hepatitis B, and Hep-
atitis C, non-smokers, and able to read and understand the Informed Consent
Document. The exclusion criteria included: significant gastrointestinal or blood-
forming organ conditions, history of severe infections or major surgery in the past
6 months, minor surgery or fractures within 3 months, significant medical condi-
tions, hypersensitivity to Rosuvastatin or Ezetimibe, positive urine drug tests, re-
cent major illnesses, unusual diet or drug use, and recent participation in other
clinical studies. All subjects participating in this study received full details of the

study before signing the consent forms.

2.3. Drug Administration and Blood Collection

All the subjects were fasted for at least 10 hours (overnight) before they were
scheduled for the dosing. Drinking water was not allowed from one hour before
dosing till one hour post dosing. A single oral dose (1 x 20/10 mg coated tablets)
of either the Test Product (T) or Reference Product (R) was administered with
240 mL of water at ambient temperature in each period in sequential order from
14:54 on 21 Feb 2024 till 08:40 hours on 23 Feb 2024 (24 subjects) and from 16:49
on 04 Mar 2024 till 08:48 on 06 Mar 2024 (23 subjects), for period I and II, respec-
tively, and were in sitting posture for 2 hours after dosing. Thereafter the subjects
can resume normal activity but should avoid excessive exertion. During housing
the standard meal menu was the same in both periods (2200 Kcal) and was pro-
vided at 04.00, 08.00, 12.00 and 24.000 hours after dosing and drinking water was
provided ad /ibitum.

A total of 20 blood samples (one pre-dose and 19 post-dose) were collected
from each subject in each period. The venous blood samples were withdrawn at
pre-dose (00.000 hour) and 00.500, 01.000, 01.334, 01.667, 02.000, 02.500,
03.000, 03.500, 04.000, 04.500, 05.000, 06.000, 08.000, 10.000, 12.000, 14.000,
24.000, 48.000, and 72.000 hrs post-dose following drug administration in each
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period under yellow monochromatic light. In each period, the pre-dose blood
sample was collected within a period of 60 minutes before dosing, post-dose in-
house blood samples (Z.e. up to 24.000 hour post dose) were collected within +
2 min of the scheduled time and ambulatory blood samples (i.e. 48.000 and
72.000 hour post dose) were collected within +60 min of the scheduled time. All
samples were collected in pre-labeled K;EDTA vacutainers and were centrifuged
at 4000 RPM for 10 minutes at 2°C to 8°C to separate plasma. All plasma sam-

ples were transferred into pre-labeled polypropylene tubes in two aliquots.

2.4. Analytical Procedure

ICBio Clinical Research Private Limited conducted a study to measure concen-
trations of Rosuvastatin and Ezetimibe in venous plasma using K,EDTA as an
anticoagulant. Analytical instruments were employed, including a Shimadzu
Quaternary Pump, an autosampler with a sample cooler (SIL HTC), and a Shi-
madzu column oven for temperature control, with detection via the LCMS 8050
detector. The analysis was performed using an Ultimasyil C18 column (4.6 x
100 mm, 5 um) to ensure precise separation of analytes. Plasma samples were
processed through solid-phase extraction and analyzed using high-performance
liquid chromatography coupled with mass spectrometry (LC-MS/MS). After
collection, samples were centrifuged, separated, labeled, and stored at -70°C +
15°C until analysis. Rosuvastatin and Ezetimibe were selectively isolated from
200 pL of plasma using a validated LC-MS/MS method, with internal standards
Rosuvastatin D6 and Ezetimibe D4. Samples were processed through HLB Dura
cartridges to enhance sensitivity and specificity, followed by LC-ESI-MS/MS analy-
sis for quantification. The method demonstrated high accuracy and precision in
measuring Ezetimibe within a linear range of 0.500 to 250.448 ng/mL, evaluated
according to SOP No. MV-103-00. Calibration standards and quality control
(QC) samples were prepared according to SOP No. MV-107-00, with calibration
curve standards stored at -70°C + 15°C and spiked with known Ezetimibe con-
centrations. The method adhered to strict acceptance criteria, with deviations
within 20% for the Lower Limit of Quantification and 15% for other standards,

ensuring a strong linear correlation.

2.5. Statistical and Pharmacokinetics Analyses

In the bioequivalence study for rosuvastatin and ezetimibe, statistical and analyt-
ical methods were carefully planned to ensure the accuracy and validity of the
pharmacokinetic data. The statistical analysis was performed using the SAS’ Sta-
tistical Software Version 9.4 from SAS Institute, Inc., Cary, USA. Descriptive sta-
tistics were used to summarize plasma concentrations at each sampling time point
and pharmacokinetic parameters for each subject and product combination. These
statistics included the mean, standard deviation, coefficient of variation, geomet-
ric mean, median, and range for each product at each adjusted sampling time

point, providing a comprehensive view of the data’s distribution and trends. To
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analyze the pharmacokinetic parameters, an Analysis of Variance (ANOVA) was
performed on the natural logarithm (In)-transformed values of Cpax, AUCo-, and
AUC,-.. for Rosuvastatin, Ezetimibe (unconjugated), and Total Ezetimibe (Ezetimibe
+ Ezetimibe glucuronide). These parameters were analyzed using a General Linear
Model (Proc GLM of SAS’), which accounted for the Fixed Effects of period and
treatment, as well as the Random Effect of subjects nested within sequences. Sep-
arate ANOVA models were used for each pharmacokinetic parameter, and the
main effects were tested at a 0.05 level of significance using the residual error
(mean square error/MSE) from the ANOV A model as the error term.

To assess bioequivalence, Schuirmann’s Two One-Sided t-tests were employed
at a 5% level of significance. These tests compared the average pharmacokinetic
parameters for the Test and Reference products, focusing on the In-transformed
values of Chax, AUCo, and AUC,-.. for Rosuvastatin, Unconjugated Ezetimibe,
and Total Ezetimibe. The 90% Confidence Intervals for the differences between
treatments were calculated, providing a statistical range within which the true
value of the difference lies with high confidence.

Further analysis involved calculating the Least-Squares Means (LSM) for the
In-transformed pharmacokinetic parameters. The difference between the Test and
Reference products was expressed as “Test-Reference,” and the ratio of means
(T/R) was obtained by taking the anti-log value of the difference. This provided
the geometric mean values for Cna, AUCo, and AUCy_.. for both Rosuvastatin
and Ezetimibe.

Consistent with Schuirmann’s two one-sided tests procedure, the 90% Confi-
dence Intervals were expressed by taking the exponential (or anti-log) of the log-
transformed data, converting the values back to the normal scale for easier inter-
pretation.

Sample size was based on intra-subject coefficient of variation (CV%) for Rosu-
vastatin, Unconjugated Ezetimibe, and Total Ezetimibe, as reported in published
literatura [5] [27]. The maximum intra-subject CV% was observed for Cnay, which
was approximately 24%.

With an expected coefficient of variation for both Cp.c and AUC not exceeding
26%, and assuming the true ratio of the Test and Reference products would fall
between 99% and 101%, the study required at least 21 evaluable subjects to demon-
strate bioequivalence with a Power greater than 80% at a 5% level of significance.

To account for potential dropouts or withdrawals, three additional subjects
were included, resulting in a total of 24 subjects for the two-treatment, two-period,
two-sequence, crossover study design. BE between the Test and Reference formu-
lations of Rosuvastatin/Ezetimibe was demonstrated if the 90% CI fell within the
acceptance range of 80% - 125% for In-transformed pharmacokinetic parameters
Craov AUCy, and AUC,_.. [28].

2.6. Safety Assessments

Safety of the subjects was evaluated through the assessment of AEs, vital signs and

laboratory test (biochemistry, hematology and urinalysis) throughout the study.

DOI: 10.4236/jbm.2024.1210012

125 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210012

J. G. Chacén et al.

Vital signs were measured at baseline screening and at the end of the study. Clin-
ical laboratory was carried out at screening and for those subjects who came for

period II of the study.

3. Results

3.1. Baseline Characteristics
A total of 24 healthy adult male subjects who met the criteria were enrolled and
randomized in the study. 23 subjects completed the study and were valid for the

PK analysis and safety evaluation. Demographic data of all evaluable subjects are

presented in Table 1.

Table 1. Table type styles (Table caption is indispensable).

Baseline Characteristics Total (N = 23)
Sex (Men) 100%
Age (Year) 36.92 +4.36
Weight (kg) 73.13 + 10.17
Height (m) 1.72 £ 0.06
Body Mass Index (kg/m?) 24.70 + 2.47

Results are displayed as n (%) or mean + standard deviation (SD).

3.2. PK Evaluation

A non-compartmental analysis was applied for the estimation of PK parameters of
Rosuvastatin, Ezetimibe (unconjugated) and Total Ezetimibe (Ezetimibe + Ezetimibe
Glucuronide) after administration of Test (T) and Reference (R) products in healthy
adult under fasting conditions, in plasma concentration time data using SAS’ soft-
ware version 9.4 (SAS Institute Inc., CARY, USA) (Tables 2-4).

Table 2. Pharmacokinetics parameters after a single Rosuvastatin 20 mg oral dose of T and

R formulations.

ANALITE: Rosuvatatine (N = 23)

PK Parameters Test (T) Reference (R)
Cunax (ng/mL) 28.77 + 8.76 32.55 +10.91
AUCo-+ (ng*hr/mL) 252.50 + 85.54 286.37 + 96.36
AUCo-- (ng*hr/mL) 267.29 + 85.82 299.75 + 97.49
Tonax (hrs)* 4.50 (1.67 - 5.00) 4.50 (1.00 - 5.00)
K (hrs™) 0.08 = 0.03 0.08 = 0.03
T2 (hrs) 10.20 £5.92 10.51 £5.90
AU Cextrap 5.88 £2.92 4.81 +£2.72

Data presented as mean + SE. Cmax: maximum concentration; AUCo-: area under the
plasma concentration-time curve from time 0 to the last measurable concentration;
AUCy-.: area under the plasma concentration-time curve from time 0 to infinity; Tmax: time
to reach Cuax; Ke: elimination rate constant; T2 time required for plasma. Note: *Trmax =
Median (range).
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Table 3. Pharmacokinetics parameters after a single Ezetimibe 10 mg oral dose of T and R

formulations.
ANALITE: Ezetimibe (unconjugated) (N = 23)
PK Parameters Test (T) Reference (R)
Cumax (ng/mL) 2.07+ 1.09 228 +1.24
AUCo (ng*hr/mL) 31.65 £ 13.67 32.71 £14.92
AUGC- (ng*hr/mL) 43.12+£21.24 39.36 £ 15.69
Tmax (hrs)* 4.50 (0.50 - 12.00) 4.50 (1.33 - 14.00)
Ka (hrs™) 0.47 + 0.02 0.06 + 0.03
Tus (hrs) 18.02 £+ 8.86 14.61 £ 5.02
AU Cextrap 23.10 £ 18.63 17.73 £11.98

Data presented as mean + SE. Cmac: maximum concentration; AUCo-: area under the
plasma concentration-time curve from time 0 to the last measurable concentration;
AUCGCy-..: area under the plasma concentration-time curve from time 0 to infinity; Tmax: time
to reach Cmax; Ke: elimination rate constant; T2 time required for plasma. Note: “Timax =
Median (range).

Table 4. Pharmacokinetics parameters after a single Ezetimibe 10 mg oral dose of T and R
formulations.

ANALITE: Total Ezetimibe (ezetimibe + ezetimibe glucuronide) (N = 23)

PK Parameters Test (T) Reference (R)
Cinax (ng/mL) 158.03+ 40.36 166.48 + 47.59
AUCo-+ (ng*hr/mL) 1678.62 + 526.03 1757.43 + 576.59
AUCo-« (ng*hr/mL) 1769.79 + 532.51 1840.15 £ 613.72
Tomax (hrs)? 1.83 (0.50 - 4.50) 2.25 (0.50 - 4.50)
Ko (hrs™) 0.05 % 0.02 0.06 + 0.03
Ty (hrs) 14.61 +4.20 14.35 + 4.56
AUCextrap 5.65 % 5.97 425 +2.87

Data presented as mean * SE. Cmac: maximum concentration; AUCo-: area under the
plasma concentration-time curve from time 0 to the last measurable concentration;
AUCGCy-..: area under the plasma concentration-time curve from time 0 to infinity; Tmax: time
to reach Cuax; Ke: elimination rate constant; T2 time required for plasma. Note: *Trmax =
Median (range).

Mean Cupa, AUCo and AUC,.., were respectively 28.77 ng/mL, 252.50
ng-h/mL and 267.29 ng/mL for the T formulation and 32.55 ng/mL, 286.37
ng-h/mL and 299.75 ng-h/mL for the R formulation. Median Tra. was 4.50 h for
the T and 4.50 h for the R formulations. Mean plasma concentration versus time
curve for each formulation of Rosuvastatine for T and R formulations are pre-

sented in Figure 1 and Figure 2.
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Mean Cpay, AUCy and AUC,_.., were respectively 2.07 ng/mlL, 31.65 ng-h/mL
and 43.12 ng/mL for the T formulation and 2.28 ng/mL, 32.71 ng-h/mL and 39.36
ng-h/mL for the R formulation. Median Tma was 4.50 h for the T and 4.50 h for
the R formulations. Mean plasma concentration versus time curve for each for-
mulation of Ezetimibe (unconjugated) for T and R formulations are presented in
Figure 3 and Figure 4.

qui study of atin/Ezetimibe
35.00 Mean plasma concentration (ng/mL) Vs Time (h). Arithmetic scale

30.00

25.00
—e— Rosuvastatin data Test (T)

—e— Rosuvastatin data Reference (R)
20.00

15.00

10.00

Plasma concentration (ng/mL)

5.00

0.00 I I

10 20 30 40 50 60 70 80
Time (h)

Figure 1. Mean Rosuvastatin 20 mg plasma concentration versus time (h) profile for each
formulation is presented in an arithmetic scale, following a single oral dose. Blue line indi-
cates Rosuvastatin (Test product of Laboratorios Leti S.A.V. Reptblica Bolivariana de Vene-
zuela), and red line indicates Rosuvastatin (Reference product of Laboratorio Franco Colom-
biano Lafrancol S.A.S, Colombia, Abbott Laboratories).

Bioequivalence study of Rosuvastatin/Ezetimibe
4.00 Mean plasma concentration (ng/mL) Vs Time (h). Logaritmic scale

3.50

3.00

—e— Rosuvastatin data Test (T)

2.50 —e— Rosuvastatin data Reference (R)

2.00

1.50

Plasma concentration (ng/mL)

1.00

0.50

—

0.00 ¢ \ 4
0o 10 20 30 40 50 60 70 80
Time (h)

Figure 2. Mean Rosuvastatin 20 mg plasma concentration versus time (h) profile for each
formulation is presented in an logarithmic scale, following a single oral dose. Blue line indi-
cates Rosuvastatin (Test product of Laboratorios Leti S.A.V. Republica Bolivariana de Vene-
zuela), and red line indicates Rosuvastatin (Reference product of Laboratorio Franco Colom-
biano Lafrancol S.A.S, Colombia, Abbott Laboratories).
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] study of atin/Ezetimibe
2.50 Mean plasma concentration (ng/mL) Vs Time (h). Arithmetic scale
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—e— Ezetimibe (unconjugated) data Reference (R)

Plasma concentration (ng/mL})
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Time (h)
Figure 3. Mean Ezetimibe (unconjugated) plasma concentration versus time (h) profile for
each formulation is presented in an arithmetic scale, following a single oral dose. Blue line
indicates Ezetimibe (unconjugated) (Test product of Laboratorios Leti S.A.V. Reptiblica Boli-
variana de Venezuela), and red line indicates Ezetimibe (unconjugated) (Reference product of
Laboratorio Franco Colombiano Lafrancol S.A.S, Colombia, Abbott Laboratories).

Bioequivalence study of Rosuvastatin/Ezetimibe
2.50 Mean plasma concentration (ng/mL) Vs Time (h). Logaritmic scale

2.00

—e— Ezetimibe (unconjugated) data Test (T)

1.50

—e— Ezetimibe (unconjugated) data Reference (R)

Plasma concentration (ng/mL})

] 10 20 30 40 50 60 70 80
Time (h)

Figure 4. Mean Ezetimibe (unconjugated) plasma concentration versus time (h) profile for
each formulation is presented in an logarithmic scale, following a single oral dose. Blue line
indicates Ezetimibe (unconjugated) (Test product of Laboratorios Leti S.A.V. Republica Bol-
ivariana de Venezuela), and red line indicates Ezetimibe (unconjugated) (Reference product
of Laboratorio Franco Colombiano Lafrancol S.A.S, Colombia, Abbott Laboratories).

Mean Cuaw AUC and AUC,..., were respectively 158.03 ng/mL, 1678.62
ng-h/mL and 1769.79 ng/mL for the T formulation and 166.48 ng/mL, 1757.43
ng-h/mL and 1840.15 ng-h/mL for the R formulation. Median T was 1.83 h for
the T and 2.25 h for the R formulations. Mean plasma concentration versus time
curve for each formulation of Total Ezetimibe (ezetimibe + ezetimibe glucu-

ronide) for T and R formulations are presented in Figure 5 and Figure 6.
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ioequi study of atin/Ezetimibe
160.00 Mean plasma concentration (ng/mL) Vs Time (h). Arithmeticscale
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Figure 5. Mean Total Ezetimibe (ezetimibe + ezetimibe glucuronide) plasma concentration
versus time (h) profile for each formulation is presented in an arithmetic scale, following a
single oral dose. Blue line indicates Total Ezetimibe (ezetimibe + ezetimibe glucuronide)
(Test product of Laboratorios Leti S.A.V. Republica Bolivariana de Venezuela), and red line
indicates Total Ezetimibe (ezetimibe + ezetimibe glucuronide) (Reference product of Labor-
atorio Franco Colombiano Lafrancol S.A.S, Colombia, Abbott Laboratories).

Bioequivalence study of Rosuvastatin/Ezetimibe
160.00 Mean plasma concentration (ng/mL) Vs Time (h). Logaritmic scale

140.00

120.00

—e—Total Ezetimibe data Test (T)
100.00

—e—Total Ezetimibe data Reference (R)

80.00

60.00

Plasma concentration (ng/mL)
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20.00

0.00 ¢
[ 10 20 30 40 50 60 70 80
Time (h)

Figure 6. Mean Total Ezetimibe (ezetimibe + ezetimibe glucuronide) plasma concentration
versus time (h) profile for each formulation is presented in an logarithmic scale, following a
single oral dose. Blue line indicates Total Ezetimibe (ezetimibe + ezetimibe glucuronide)
(Test product of Laboratorios Leti S.A.V. Republica Bolivariana de Venezuela), and red line
indicates Total Ezetimibe (ezetimibe + ezetimibe glucuronide) (Reference product of Labor-
atorio Franco Colombiano Lafrancol S.A.S, Colombia, Abbott Laboratories).

3.3. Bioequivalence

The ANOVA results for log-transformed Cr.x data of Rosuvastatin showed no
statistically significant variation for period, treatment, or sequence values between
the Test and Reference products. However, the log-transformed AUC,. and

AUC,-_.. data revealed significant variations for treatment values, with no significant
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Table 5. Statistical ANOVA results.

variation for period or sequence. For unconjugated Ezetimibe, the ANOV A results
for Crav AUCy-, and AUC,-.. indicated no significant variation for period, treat-
ment, or sequence values. In contrast, for total Ezetimibe (ezetimibe + ezetimibe
glucuronide), significant variation was observed for period values, with no varia-
tion for treatment or sequence values (Table 5).

For Rosuvastatin, Ezetimibe (unconjugate) and Total Ezetimibe, the Test/Ref-
erence ratio, GMRs for the logarithm transformed of Cpay, AUCo- and AUGC,_..
were 89.16% (90% CI 80.81% - 98.37%), 88.44% (90% CI 80.74% - 96.87%),
89.45% (90% CI 82.28% - 97.26%); 90.71% (90% CI 80.78% - 101.86%), 97.67%
(90% CI 85.95% - 111.00%), 107.81% (90% CI 96.83% - 120.05%) and 95.30%
(90% CI 91.32% - 99.45%), 95.60% (90% CI 90.68% - 100.78%), 97.20% (90% CI
92.76% - 101.84%), respectively (Tables 6-8).

These values are within the 90% CI acceptance criteria of 80.00% - 125.00%
following EMA-Guidelines [29].

Cinax (ng/mL) AUCo-t (ng*hr/mL) AUCo-« (ng*hr/mL)
p-values . Ezetimibe Total . Ezetimibe Total . Ezetimibe Total
Rosuvastatine . . Rosuvastatine . L. Rosuvastatine . L.
(unconjugated) Ezetimibe (unconjugated) Ezetimibe (unconjugated) Ezetimibe
Period 0.59 0.38 0.01 0.47 0.15 0.006 0.50 0.06 0.007
Treatment 0.06 0.16 0.07 0.03 0.75 0.16 0.03 0.24 0.31
Sequence 0.25 0.65 0.62 0.72 0.65 0.94 0.77 0.51 0.91

Table 6. Pharmacokinetics parameters Ln-transformed, 90% CI for the T/R T and R ratio
for Rosuvastatin. N = 23.

GMR GMR 90% Confidence Interval
PK Parameters o
(T/R)% Test Reference Lower Upper
Cinax (ng/mL) 89.16 27.51 30.85 80.81 98.37
AUCo- 88.44 239.93 271.30 80.74 96.87
AUGCo--. (ng-h/mL) 89.45 255.05 285.12 82.28 97.26

Data presented as a % mean Ln transformed. Cumax: maximum concentration. AUCo-«: area
under the plasma concentration-time curve from time 0 to the last measurable concentra-
tion; AUCo--: area under the plasma concentration-time curve from time 0 to infinity;
GMR: Geometric mean ratios N = 23; PK: Pharmacokinetics; CI: Confidence interval; In:
natural logarithm.

Table 7. Pharmacokinetics parameters Ln-transformed, 90% CI for the T/R T and R ratio
for Ezetimibe (unconjugated). N = 23.

GMR GMR 90% Confidence Interval
PK Parameters o
(T/R)% Test Reference Lower Upper
Cmax (ng/mL) 90.71 1.83 2.01 80.78 101.86
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Continued
AUCo-¢ 97.67 28.78 29.47 85.95 111.00
AUCo- (ng-h/mL) 107.81 39.08 36.25 96.83 120.05

Data presented as a % mean Ln transformed. Cma: maximum concentration. AUCo-: area
under the plasma concentration-time curve from time 0 to the last measurable concentra-
tion; AUCo--: area under the plasma concentration-time curve from time 0 to infinity;
GMR: Geometric mean ratios N = 23; PK: Pharmacokinetics; CI: Confidence interval; In:
natural logarithm.

Table 8. Pharmacokinetics parameters Ln-transformed, 90% CI for the T/R T and R ratio
for Total Ezetimibe (Ezetimibe + Ezetimibe glucuronide). N = 23.

GMR GMR 90% Confidence Interval
PK Parameters o
(T/R)% Test Reference Lower Upper
Cax (ng/mL) 95.30 153.28 160.85 91.32 99.45
AUCo- 95.60 1600.93 1674.61 90.68 100.78
AUGCo--. (ng-h/mL) 97.20 1700.57 1749.61 92.76 101.84

Data presented as a % mean Ln transformed. Cma: maximum concentration. AUCo-: area
under the plasma concentration-time curve from time 0 to the last measurable concentra-
tion;AUCo-~: area under the plasma concentration-time curve from time 0 to infinity;
GMR: Geometric mean ratios N = 23; PK: Pharmacokinetics; CI: Confidence interval; In:
natural logarithm.

4. Discussion

Fixed-dose combinations drugs (FDCs) have become an essential tool in the man-
agement of chronic conditions, including hyperlipidemia, which is characterized
by elevated levels of lipids in the blood and significantly increases the risk of cardi-
ovascular diseases, such as heart attack and stroke and typically requires long-term
treatment with lipid-lowering medications [30] [31]. FDCs drugs simplify treat-
ment regimens, reducing the number of pills patients must take, which can lead to
better adherence. This is particularly important in chronic conditions like hyper-
lipidemia, where lifelong medication is required and patients are often prescribed
multiple medications, which can lead to confusion, forgetfulness, and poor adher-
ence. Studies show that poor adherence to statins and other lipid-lowering drugs
can lead to an increased risk of cardiovascular events [32]. FDCs simplify the treat-
ment regimen by combining two or more medications into a single pill. This sim-
plification improves adherence, as patients are more likely to consistently take one
pill rather than multiple, leading to better long-term treatment outcomes [33] [34].
By streamlining therapy, FDC drugs address one of the major challenges in patient
management: medication nonadherence, which is commonly associated with com-
plex regimens and adverse side effects from higher doses of individual drugs [35]
[36]. Additionally, FDC drugs can target multiple mechanisms of lipid regulation,
such as combining statins with ezetimibe, which blocks cholesterol absorption in

the intestines and reduces cholesterol synthesis in the liver [37] [38]. This multi-
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targeted approach results in more effective lowering of LDL-C than monotherapy
and also allow for lower doses of each component, reducing the risk of side effects
such as muscle-related symptoms, commonly associated with statin use [35] [36].
For instance, combining rosuvastatine with ezetimibe, a drug that reduces choles-
terol absorption in the intestines, provides a more comprehensive approach to low-
ering cholesterol levels. Rosuvastatine work by inhibiting cholesterol synthesis in
the liver, while ezetimibe blocks its absorption in the intestines. This dual mecha-
nism results in a greater reduction of low-density lipoprotein cholesterol (LDL-C)
than either medication could achieve on its own [39]. By targeting cholesterol from
different angles, FDC drugs can enhance the efficacy of treatment and help patients
reach their cholesterol goals more effectively. In addition to improving adherence
and efficacy, FDC drugs can also reduce treatment costs. By combining two medi-
cations into a single pill, FDCs can lower the overall cost of treatment [40] [41].
This is particularly important for patients who require long-term therapy, as the
cumulative cost of multiple medications can be significant. Lowering treatment
costs can also increase accessibility, making it easier for patients to obtain and ad-
here to their prescribed therapy. This is especially relevant in managing lifelong
conditions like hyperlipidemia, where long-term treatment adherence is critical to
reducing the risk of cardiovascular events. Furthermore, FDCs may allow for lower
doses of each individual component, which can reduce the risk of side effects [42].
Higher doses of individual medications are often associated with an increased risk
of side effects, which can discourage patients from adhering to their prescribed
treatment. By using lower doses of each drug in the combination, FDCs can main-
tain the therapeutic effect while minimizing the risk of adverse reactions. This is
particularly beneficial in hyperlipidemia treatment, where side effects such as mus-
cle pain or liver enzyme elevations are common concerns with statin therapy. The
ability to reduce side effects while maintaining efficacy makes FDCs a valuable op-
tion for many patients.

Regulatory agencies have established several guidelines for the industry regard-
ing the development of fixed-dose combination (FDC) products. The primary
guiding principle for the approval of FDC products is the combination rule, as
described in FDA and EMA guidelines [43] [44]. This rule states that “two or more
drugs may be combined in a single dosage form when each component contrib-
utes to the claimed effects and the dosage of each component (amount, frequency,
duration) is such that the combination is safe and effective for a significant patient
population requiring such concurrent therapy, as defined in the labeling for the
drug.”

The efficacy and safety of combination therapy with rosuvastatin and ezetimibe
have been demonstrated in several studies on patients with high cardiovascular
risk [45]-[48]. The primary benefit of combining rosuvastatin and ezetimibe is
their synergistic effect in lowering LDL-C levels. When used together, these drugs
provide a more comprehensive approach to managing cholesterol levels compared

to monotherapy. Comparing the combination therapy to rosuvastatin alone reveals
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the added benefits of ezetimibe, the combination results in greater reductions in
LDL-C levels, suggesting that ezetimibe potentiates the lipid-lowering effects of
rosuvastatin [49].

In bioequivalence studies, differences between formulations can arise from fac-
tors such as sequence, period, formulation, carry-over effects, and individual varia-
bility, all of which influence pharmacokinetic profiles [50]. Regulatory agencies like
the FDA and EMA [21] [22], provide guidelines to control these factors in BE stud-
ies of fixed-dose combination (FDC) products, ensuring observed differences are
due to intrinsic formulation properties rather than external influences.

According to these guidelines, several fixed-dose combination (FDC) formula-
tions of rosuvastatin and ezetimibe have been developed and evaluated in bioe-
quivalence studies with the individual administration of each drug [51]-[53]. A
bioequivalence study was recently published comparing two fixed-dose combina-
tion (FDC) formulations containing rosuvastatin 20 mg and ezetimibe 10 mg in
Asian patients, demonstrating that both formulations were bioequivalent [54].

This study was designed to assess the bioequivalence (BE) of two fixed-dose
combination (FDC) formulations containing rosuvastatin 20 mg and ezetimibe 10
mg in an oral tablet form in a sample of healthy Indian volunteers under fasting
conditions.

The bioequivalence of the products compared in this study, Cresadex’ EZE (Ab-
bott Laboratories) as Reference formulation, and Racor’ Duo (Laboratorios Leti,
S.A.V.) as Test formulation, with respect to the rate and extent of absorption, was
demonstrated by measuring the pharmacokinetic (PK) parameters, Cuay, AUCo
and AUC,-...

The results of In-transformed ratios of those parameters showed that the 90%
confidence intervals (CI) were within the bioequivalence acceptance range of 80%
to 125%, in accordance with international guidelines for bioequivalence studies
[28] [55]. Furthermore, the study demonstrated that both FDC formulations were
well tolerated by healthy subjects, with no reports of adverse events, either serious

or non-serious, therefore no details are available.

5. Limitations

We could not assess pharmacokinetics parameters of female volunteers, although
the study was open to both males and females, only male participants were in-
cluded, as no female volunteers responded to the call for participation. Based on
previous studies of the product, no pharmacokinetic differences have been re-

ported between male and female subjects [56].

6. Conclusion

The study concluded that the Test product, Racor-Duo’ (Rosuvastatin/Ezetimibe
20/10 mg) film-coated tablet, was bioequivalent to the Reference product, Cresadex’
EZE (Rosuvastatin 20 mg/Ezetimibe 10 mg) film-coated tablet. Both formulations

demonstrated comparable rates and extents of absorption in healthy adult subjects
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under fasting conditions. Additionally, the study monitored safety and tolerabil-
ity, reporting that the Test product was well-tolerated with no significant adverse
events. The bioequivalence, confirmed by pharmacokinetic analysis, indicates that

both formulations can be used interchangeably in clinical practice.
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