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ABSTRACT
The identification and quantification of covariates, particularly using population pharmacokinetics is now seen as an integral part of drug development. This
present study was aimed to assess the influence of subject specific parameters (covariates) on pharmacokinetics of Eupressyl (Urapidil) from typical
pharmacokinetics studies. The influence of covariates (age, height, body weight, body mass index) on the pharmacokinetics of Urapidil was evaluated
analyzing the data pooled from three different pharmacokinetic studies. The influence of covariates on Urapidil pharmacokinetics was evaluated using linear
mixed effect model. Covariate analysis was carried out following a two-stage approach. Results from the first stage analyses showed that there is no significant
effect (P > 0.05) on Urapidil pharmacokinetic parameters against evaluated covariates. However, at second stage following linear mixed effect models, subject
specific parameters were correlated with obtained pharmacokinetic parameters. The results evidencing that the reasonable influence of covariates on Urapidil
pharmacokinetics parameters were observed for different lot of innovator products. Thus, characterizing effect of few of the covariates on pharmacokinetics
outcome will definitely reduce the number of pharmacokinetic studies using healthy human subjects and also development time and cost in generic drug
developments. However, further pharmacokinetic models for Urapidil to be developed and validated using non-linear mixed effectmodels, as it is considered
one of the standard method for evaluating drug variability.
Keywords: Covariates, Eupressyl, Linear regression model, Variability

INTRODUCTION
Variability in the design and analysis of bioequivalence
studies has been the topic of discussion for many years1.
Variability is an inherent property and it can be decreased or
theoretically eliminated by implementing “ideal” experiments
and data-processing techniques2. All drugs exhibit betweensubject variability in exposure and response and many studies
performed during drug development are aimed at identifying
and quantifying this variability to improve the safety and
efficacy of a drug agent. Variability is usually characterized
in terms of fixed and random effects. The fixed effects are the
population average values of pharmacokinetic parameters.
The random effects quantify the amount of pharmacokinetic
variability that is not explained by the fixed effects3. A
number of factors can contribute to high variability in
bioequivalence parameters4. The formulation factors that may
impact on bioavailability and bioequivalence can be
classified into two categories: (a) In the first group belong
factors that can affect drug dissolution or release which is
considered as a prerequisite to the drug absorption process.
(b) The second category comprises factors related to
excipients or inactive ingredients which can influence drug
stability, absorption and metabolism5. The variability is an
inherent property of the system of interest; it can be observed
and recorded but not changed. Accordingly, uncertainty in
the information available can be decreased and theoretically
eliminated by implementing “ideal” experiments and dataprocessing techniques6. Hence, the identification and
quantification of covariates, particularly using population
pharmacokineticsis now seen as an integral part of drug

development. However, many pharmaceutical companies go
through unnecessary cycles of clinical studies involving
formulation optimization without attention to the feasibility
of reducing inter-individual variability and the source of such
variation7. The in-vivo absorbability of drugs categorized as
BCS Class II is very difficult to predict because of the large
variability in the absorption or dissolution kinetics8. Urapidil
comes under the category of BCS Class II. The
pharmacokinetic parameters are well defined after oral or
intra-venous administration. Pharmacokinetic parameters
after oral and intra-venous administration are similar and are
linearly proportional to dose. In summary, the plasma
concentration decreases for 10 minutes and then remains at
that level for about 1 hour. The mean serum half-life of
elimination is 2.7 hours. The plasma protein binding is 80 %9.
This present study was aimed to assess the influence of
subject specific parameters (covariates) on pharmacokinetics
of Urapidil from typical pharmacokinetics studies.
MATERIALS AND METHODS
All materials used in this study were complied with current
European Pharmacopoeia compendial specifications.
Formulations
Formulation 1: Eupressyl 60
60 mg), Manufactured by
no.126662.
Formulation 2: Eupressyl 60
60 mg), Manufactured by
no.113494.

mg (Urapidil Retard Capsules
Altana Pharma, France, Lot
mg (Urapidil Retard Capsules
Altana Pharma, France, Lot
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Pharmacokinetic studies
An open-label, randomized, fasting, single-dose, parallel/two
way crossover studies were performed with 30 healthy, nonsmoking, male subjects. The study protocols for Urapidil
were approved by the Institutional Review Board at the
clinical site (approval no. 12-09/2009/BE EXP/LUPIN28/DC)10. Written informed consent was obtained from all
subjects prior to enrolment in the study. A total of 30 healthy
adult human male subjects (10 subjects each) were enrolled
in 3 different studies (study 1-3). In each study period, after
an overnight fast of at least 10 h, single oral dose of Urapidil
Retard Capsules 60 mg was orally administered with 240 mL
of drinking water in sitting posture at ambient temperature in
the morning, as per the randomization schedule. In each
period, 21 blood samples were collected. The pre-dose blood
sample (1 x 5-mL) was collected within 1 hour prior to
dosing. The post-dose blood samples (1 ´ 5-mL each) were
collected at 1.00, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00,
5.50, 6.00, 7.00, 8.00, 10.00, 12.00, 14.00, 16.00, 20.00,
24.00, 30.00 and 36.00 hours after dosing. Subjects were
seated upright for the first two hours following drug
administration and prohibited from any strenuous or athletic
activity during housing period of the study. Plasma samples
were stored at -80oC before analysis. Plasma samples were
separated and analyzed for Urapidil plasma concentrations.
Analytical methods
The in-house validated UPLC-MS/MS method was applied to
determine the concentration of Urapidil in human plasma
using Urapidil D4 as internal standard. The method was
validated for selectivity, linearity, reproducibility, recovery,
precision accuracy and stability. The study sample analysis
was performed on UPLC-MS/MS system using Betasil C 18
(50 x 4.6 mm, 5 μ). Electrospray ionization was carried out in
positive ion mode [M + H]+ using triple quadruple mass
spectrometer and multiple reaction monitoring (MRM)
transition used for detection of Urapidil and Urapidil D4 were
m/z 388.3/190.1 and 392.3/190.1, respectively. The data was
acquired and calculated by using Masslynx version 4.1
Software. The slope, intercept and correlation of coefficient
were determined by least squares linear regression with 1/ x 2
(1/conc2) weighting for the calibration curve standards. The
measured concentrations for each subject for all the time
points are calculated against the calibration curve prepared
with known standards.
Pharmacokinetic data analysis
The Urapidil plasma concentration versus time data were
evaluated using the WinNonlin software version 5.3.
Pharmacokinetic parameters Cmax, the maximum observed
concentration, AUC0-∞, Area under the plasma concentration
versus time curve from time 0 to infinity, AUC, the area
under the concentration time curve, CL/F, total body
clearance, Vd/F, volume of distribution and t1/2, half-life of
the drug were determined for each subject and formulation.

Analysis of covariates
The influence of covariates (age, height, body weight, body
mass index) on the pharmacokinetics of Urapidil was
evaluated analyzing the data from three different
pharmacokinetic studies. The final data for covariate analysis
includes 30 south Asians, adult male healthy subjects.
Covariate analysis was carried out following a two-stage
approach. At first stage, individual pharmacokinetic
parameters (Cmax, AUCinf, CL/F, Vd/F and t1/2) for Urapidil
were calculated. The relationships between log transformed
pharmacokinetic parameters versus effect of covariates were
analyzed using linear mixed effects model. The linear mixed
effects models were carried out using WinNonlin Software
version 5.3. In the model definition, pharmacokinetic
parameters used as categorical independent variables and
covariates were used as continuous independent variables.
RESULTS AND DISCUSSION
Subjects’ baseline characteristics are presented in Table 1.
Samples from all 30 subjects (20 subjects from parallel
studies and 10 subjects from cross over study) were analyzed
to determine the plasma concentrations of Urapidil.
Pharmacokinetic and statistical analyses were performed on
data obtained from 30 subjects, who completed the studies as
per the protocol. The pharmacokinetic parameters Cmax ,
AUC, AUCinf, CL/F, Vd/F, Kel and t1/2 for Urapidil were
calculated by non-compartmental method using Win Nonlin
Professional Software (Version 5.3). Mean pharmacokinetic
parameters are presented in Table 2.
Evaluation of covariates influence on Urapidil
pharmacokinetics
The Linear Mixed Effects function is a statistical analysis
system for analysis of variance for crossover and parallel
studies, including unbalanced designs11 and performs
analyses using linear mixed effects models. A two-stage
pharmacokinetic analysis approach was used in this study to
evaluate the covariates influence on pharmacokinetics of
Urapidil. Results from the first stage analyses showed that
there is no significant effect (P > 0.05) on Urapidil
pharmacokinetic parameters against evaluated covariates.
However, obtained inter and intra-subject coefficient of
variation for pharmacokinetic parameters Cmax and AUC
from parallel and two way cross-over study indicates that
significant influence of covariates effect on Urapidil
pharmacokinetics is expected, though obtained P value is not
statistically significant in the regression model (Table 3). At
second stage, using linear mixed effect models, subject
specific parameters were correlated with obtained
pharmacokinetic parameters. From the observed results R2
values associated with linear regression model were found
less (i.e., 0.0012 to 0.0137) for age effect and (i.e., 0.0013 to
0.0406) for body weight effect, respectively. The p-values
associated with each covariate from log-linear regression
analysis are presented in Table 4. The effect of age and body
weight on the rate and systemic exposure of Urapidil
following single dose administration is shown in Figure 1 and
2.
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Table 1: Subjects’ baseline characteristics
Parameters

Study 1 (N = 10)

Age (years)

30.50 ± 5.16
(25-38)
20.81 ± 2.24
(18-24)
166.90 ± 7.90
(154-176)
58.53 ± 7.41
(50-71)

2

BMI (kg/m )
Height (cm)
Weight (kg)

Study 2 (N = 10)
Mean ± SD (Range)
27.80 ± 4.13
(22-34)
21.58 ± 2.11
(18-24)
166.25 ± 3.79
(161-172)
59.56 ± 6.43
(50-72)

Study 3 (N = 10)
31.70 ± 5.53
(20-39)
21.68 ± 1.72
(19-24)
167.80 ± 4.96
(160-176)
61.06 ± 4.84
(55-70)

Table 2: Mean obtained pharmacokinetic parameters for Urapidil
Parameters
Kel (h-1)
Thalf (h)
T max (h)
Cmax (ng/mL)
AUC0-t (ng*h/mL)
AUCinf (ng*h/mL)
Vd/F (L)
Cl/F (mL/min)

Mean
0.135
5.338
4.233
715.305
5622.222
5708.741
0.087
0.011

SD
0.029
1.171
0.878
217.595
1892.117
1943.585
0.028
0.004

Min
0.080
3.008
2.000
420.961
2608.744
2627.958
0.041
0.005

Median
0.134
5.151
4.500
624.158
5484.278
5621.776
0.084
0.010

Max
0.230
8.574
6.000
1191.000
10877.623
11125.668
0.148
0.022

CV%
22.014
21.945
20.745
30.420
33.654
34.045
32.157
35.009

Geo Mean
0.132
5.219
4.125
685.348
5330.616
5406.680
0.083
0.011

Geo Mean – Geometric Mean
Table 3: Obtained inter-subject and intra-subject coefficient of variation for pharmacokinetic parameters
PK Parameters

Cmax
AUC inf
Cl/F
Vz/F
t1/2

Study 1
Form-1
(N = 10)
39
33
21
24
15

Inter-subject CV (%)
Study 2
Study 3 Form-2
Form-1
(N = 10)
(N = 10)
32
53
44
41
19
26
28
23
41
15

Study 3 Form-2
(N = 10)
33
30
19
17
10

Intra-subject CV (%)
Study 1 and 2
Study 3
Form 1 vs 2
Form 1 vs 2
36
36
35
31
19

17
15
15
23
12

Table 4: Results of regression analysis for age and body weight effects
Parameters
AUC0-t
Cmax
CL/F
T1/2
Vd/F

Age effects
p-value
R2
0.6359
0.0081
0.5372
0.0137
0.8000
0.0023
0.4690
0.0189
0.8571
0.0012

Body weight effects
p-value
R2
0.2855
0.0406
0.7437
0.0039
0.7352
0.0041
0.4243
0.0229
0.8491
0.0013

Figure 1: Effect of Age and Body weight on Cmax (rate of absorption) of Urapidil
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Figure 2: Effect of Age and Body weight on AUC (extent of absorption) of Urapidil

CONCLUSION
The influence of covariates on Urapidil pharmacokinetics
was evaluated using linear mixed effect model. From the
observed results R2 values associated with linear regression
model were found to be less for age effect and for body
weight effect, respectively. However, results evidencing that
the reasonable influence of covariates on Urapidil
pharmacokinetics parameters may expected for different lot
of innovator products. Thus, characterizing effect of few of
the covariates on pharmacokinetics outcome will definitely
reduce the number of pharmacokinetic studies using healthy
human subjects and also development time and cost in
generic drug developments. However, to confirm this results,
for Urapidil further pharmacokinetic models to be developed
and validated using non-linear mixed effect models, as its
considered one of the standard method for evaluating drug
related variability.
ACKNOWLEDGEMENT
The authors thank Lupin Limited, India for technical assistance to complete
this work.
REFERENCES
1. Achiel Van Peer. Variability and Impact on Design of Bioequivalence
Studies. Basic and Clinical Pharmacology and Toxicology 2009; 106:
146–153. http://dx.doi.org/10.1111/j.1742-7843.2009.00485.x
2. Ivan Nestorov, Ivelina Gueorguieva, Hannah M Jones, Brian Houston,
Malcolm Rowland. Incorporating Measures of Variability and
Uncertainty into the Prediction of In Vivo Hepatic Clearance from In
Vitro Data. Drug Metabolism and Disposition 2002; 30: 276–282.
http://dx.doi.org/10.1124/dmd.30.3.276
3. DR Mould, RN Upton. Basic Concepts in Population Modeling,
Simulation
and
Model-Based
Drug
Development.
CPT:
Pharmacometrics and Systems Pharmacology; 2012.
4. Barbara M Davit, Dale P Conner, Beth Fabian Fritsch, Sam H Haidar,
Xiaojian Jiang, Devvrat T Patel, et. al., Highly Variable Drugs:

Observations from Bioequivalence Data Submitted to the FDA for New
Generic Drug Applications. The American Association of
Pharmaceutical Scientists Journal 2008; 10: 148-156.
5. Vangelis Karalis, Panos Macheras, Achiel Van Peer and Vinod P. Shah.
Bioavailability and Bioequivalence: Focus on Physiological Factors and
Variability. Pharmaceutical Research 2008; 25: 1956-1962.
http://dx.doi.org/10.1007/s11095-008-9645-9
6. Ivan Nestorov, Ivelina Gueorguieva, Hannah M Jones, Brian Houston,
Malcolm Rowland. Incorporating Measures of Variability and
Uncertainty into the Prediction of In Vivo Hepatic Clearance from In
Vitro Data. Drug Metabolism and Disposition 2002; 30: 276–282.
http://dx.doi.org/10.1124/dmd.30.3.276
7. Masoud Jamei, Gemma L Dickinson and Amin Rostami Hodjegan. A
Framework
for
Assessing
Inter-individual
Variability
in
Pharmacokinetics Using Virtual Human Populations and Integrating
General Knowledge of Physical Chemistry, Biology, Anatomy,
Physiology and Genetics: A Tale of Bottom-Up vs Top-Down
Recognition of Covariates. Drug Metabolism and Pharmacokinetics
2009; 24: 53–75. http://dx.doi.org/10.2133/dmpk.24.53
8. B Basanta Kumar Reddy and A Karunakar. Biopharmaceutics
Classification System: A Regulatory Approach. Dissolution
Technologies 2011; 18: 31-37.
9. Urapidil Nordic Pharma 25 mg/5 ml and 50 mg/10 ml Solution for
injection. Public Assessment Report. FR/H/342/01-02/MR. Applicant:
Nordic Pharma. Date of the PAR; 2008.
10. M Sundaramoorthi Nainar, Ravisekhar Kasibhatta, D Prabakaran, V
Praveen Kumar and Ashish Saxena. In-Vitro and In-Vivo Relationship
and Influence of Covariates on Pharmacokinetics of Urapidil Sustained
Release Capsules, International Journal of Pharmacy and Pharmaceutical
Sciences 2014; 6: 673-678.
11. WinNonlin® User’s Guide, Pharsight Corporation: Version 4.1; 19982003. p. 363-415.
Cite this article as:
M. Sundara Moorthi Nainar, K. Ravisekhar, D. Prabakaran, V. Saji, T. Vijay,
R. Sikandar Ali Khan, S. Ashish and V. Praveen Kumar. Evaluation of
covariates influence on eupressyl pharmacokinetics using linear regression
model. Int. Res. J. Pharm. 2014; 5(9):730-733 http://dx.doi.org/10.7897/
2230-8407.0509149

Source of support: Nil, Conflict of interest: None Declared

Page 733

