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Design of drug dosage regimen for valproate: Exploring modeling and simulation 
based approach 
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 Population pharmacokinetics (PoPK) 

has been defined as the study of the variability 

in plasma drug concentrations between individ-

uals when standard dosage regimens are ad-

ministered.[1] Dose concentration relationship 

can be altered by patient demographics, patho-

physiology, and therapeutic features, such as 

body weight, excretory and metabolic func-

tions, and the presence of other therapies. So, 

to design the dosage regimen appropriately 

there is a need for conducting population phar-

macokinetic studies.[2] 

 PopPK approach has an application in 

the exploratory and confirmatory stages of drug 

development by explaining the quantitative re-

lationships among drug regimen, patient char-

acteristics, and drug disposition. The nonlinear 

mixed-effects modelling approach is especially 

helpful in certain adaptive study designs, such  

www.ijpcs.net 

22 

Department of Pharmacy Practice, Manipal College of Pharmaceutical Sciences, Manipal university,                                   
Karnataka, India - 576104.  

Citation: Sagar KS, Duggirala N, Patel CY, Acharya LD ,  Mallayasamy S. Design of drug dosage regimen for 

valproate: Exploring modeling and simulation based approach. Int J Pharmacol and Clin Sci 2014;3:22-7. 

Received  : 15 - 04 - 2014 
Revised   : 28 - 06 - 2014 
Accepted : 30 - 06 - 2014   
  
* Correspondence  : rajan.ppres@gmail.com   
Conflict of interest: Nil  
Source of support  :  Nil 
Copyright: © 2014 Journal. All rights reserved. 

ABSTRACT 

INTRODUCTION 

Background: Population pharmacokinetic studies attempt to explain the variability in pharmacokinetics among study 

subjects and explore the role of covariates on the pharmacokinetics. The present study was planned to evaluate by 

simulation, the various dosage regimens of valproate and their predicted relevance to achieve desired therapeutic 

ranges and to see the effect of various covariates.  

Materials and Methods: This study utilized the previous database of therapeutic drug monitoring data of valproate 

available in the department and population pharmacokinetic models developed by a group in the department. From the 

database, 93 patients’ details have been used in this study. The simulation studies were carried out for various dosage 

regimens such as 400mgQ12Hr, 500mgQ12Hr, 800mgQ12Hr, 1000mgQ24Hr for 100 simulated patients using NON-

MEM software package. 

Results: 500mg BID dosage regimen was found to be more advantageous as more number of simulated patients 

were having the Css within the therapeutic range and the effect of covariates like sex and concomitant phenytoin use 

were found to be insignificant but with 1000mg OD regimen in females, the number of individuals with Css within the 

therapeutic range were found to be less with which we could say that the induction effect of phenytoin on valproate 

metabolism in females could be more than that of males.  

Conclusion:  The present study was able to predict steady state concentrations for various dosage regimen scenarios 

with possible pharmacokinetic and therapeutic outcomes. This study underscores the relevance of population pharma-

cokinetic based simulations in dosage regimen design. 
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as dose-ranging studies (e.g., so called titration, 

or effect controlled designs).  It also has appli-

cation in patient care by providing quantitative 

and semi-quantitative guidelines for individual-

ization of drug therapy.[3] 

 Simulation is the process which involves 

in building a mathematical model that mimics a 

real world situation and then using the same 

model to conduct experiments to investigate 

and predict the behaviour of that situation.[4] 

 Pharmacokinetics simulations are ex-

plored and attempted in rational designing of 

dosage regimen in number of clinical situa-

tions. Many a times simulations are used to 

study the effect of various dosage regimen and 

the impact of various patient covariates on the 

resultant pharmacokinetic and pharmacody-

namic parameters.[5-9] 

 The main aim of this study was to ana-

lyze the existing data base on valproate collect-

ed for previous therapeutic drug monitoring 

studies in the pharmacy practice department 

using NONMEM package to develop simula-

tions for dosage regimen and to interpret the 

simulation outputs based on steady state con-

centration. This will enable to make decisions 

on dose selection based on the median 

measures of drug concentrations and number of 

patients who fall within, below and above ther-

apeutic range. 

Patients and tools 

 Ethical approval was taken from Institu-

tional ethics committee of Kasturba Hospital, 

Manipal The present study was planned to use 

the existing therapeutic drug monitoring data 

base of valproate in the department of Pharma-

cy Practice and develop simulations to optimize 

the dosage regimen. A population pharmacoki-

netic model for valproate has been already de-

veloped by Mallayasamy et.al.[10] Using the 

same model simulations were performed for 

different dosage regimens employing NON-

MEM software package (Version 7.2) by using 

a front-end application Pirana (version 2.5.0). 

The simulation outputs were generated using 

the ‘R’ Package (2.15.0) and analyzed. 

Simulation Method 

 Demographic data, pharmacokinetic 

data and covariates of the pre-existing model 

were used for the current simulations. Dosage 

regimens simulated were 500mg BID, 1000 mg 

OD, 400mg BID and 800mg BID, each with 

100 hypothetical subjects. Control streams 

were written for performing simulations with 

and without covariates (sex and phenytoin use 

in clinically useful dose). Data files were creat-

ed for different dosage regimens with different 

combinations of sex and phenytoin use for 100 

patients. Simulations were performed using 

NONMEM with ‘$SIM’ option. The plasma 

drug concentrations at steady state were simu-

lated and their median concentrations were cal-

culated. Percentages of patients falling within 

and outside the therapeutic range for each dos-

age regimen were estimated. 

 For the current study various dosage 

regimens normally used in the routine practice 

for the management of seizures were used for 

simulations. Totally four doses 400 mg, 500 

mg, 800 mg and 1000 mg were used for simu-

lations. Sex of the patient and use of phenytoin 

was considered as covariates for the present 

simulations. Each dosage regimen had 5 condi-

tions for simulations resulting in a total of 20 

different simulations. (Table.1) 

 When the data of the simulation studies 

are evaluated for the pattern of median concen-

trations resulting from various dosage regi-

mens, pharmacokinetic outcomes could be pre-

dicted. The results of the study showed that 

500mg BID dosage regimen had maximum pa-

tients within therapeutic range i.e, 50-125mcg/

mL compared to other dosage regimens. 800 

mg BID regimen group had more than 50%  

patients above the therapeutic range whereas 

the 400 mg BID had around 35% patients below  
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the therapeutic range.  Patient group on 

1000mg OD had lower median concentrations 

than 500 mg BD concentrations (Table 2 & 

Fig.1- 4). There was no difference in the effect 

of covariates among the various simulated con-

ditions for each dosage regimen. Where as in 

the case of 1000 mg OD in female patients with 

phenytoin, there is a large decrease in the num-

ber of patients (46%) within the therapeutic 

range compared to other groups (Table 3). 

 Present study was planned to take ad-

vantage of the available therapeutic drug moni-

toring data and population pharmacokinetic 

model to develop simulations on dosage regi-

men. In the late 70s and 80s Sheiner and col-

leagues published on new approach of pharma-

cokinetic analysis known as population phar-

macokinetics. They published on population 

pharmacokinetics of phenytoin from the data 

collected from therapeutic drug monitoring of 

patients taking this drug. This approach was 

shown superior to naïve pooling of data and 

24 
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Table 1: Various dosage regimens used for simulations  

Simula-
tion 
Number 

Dosage    
regimen 

              Description 

1 400 mg BID Without covariates 

2 400mg BID Males and phenytoin use 

3 400mg BID Males and without phenytoin 

4 400mg BID Females and  without phenytoin 

5 400mg BID Females and with phenytoin 

6 500mg BID Without covariates 

7 500mg BID Males and phenytoin use 

8 500mg BID Males and without phenytoin 

9 500mg BID Females and  without phenytoin 

10 500mg BID Females and with phenytoin 

11 800mg BID Without covariates 

12 800mg BID Males and phenytoin use 

13 800mg BID Males and without phenytoin 

14 800mg BID Females and  without phenytoin 

15 800mg BID Females and with phenytoin 

16 1000mg OD Without covariates 

17 1000mg OD Males and phenytoin use 

18 1000mg OD Males and without phenytoin 

19 1000mg OD Females and  without phenytoin 

20 1000mg OD Females and with phenytoin 

Table 2: Dosage regimen and concentration ranges of valproate  

Dosage Regimen 
Median  concentrations 
(Range in mcg/mL) 

Above the range % 
(No.) 

In range % 
(No.) 

Below the range % (No.) 

400mg BID 62.638  ( 5.73 - 156.01) 7% (7) 57% (57) 36% (36) 

500 mg BID 78.29 (7.16 - 195.02) 16% (16) 60% (60) 24% (24) 

800mg BID 125.27 (7.16 - 195.02) 51% (51) 42% (42) 7% (7) 

1000 mg OD 72.133 (1.49 - 215.88) 17% (17) 52% (52) 31% (31) 

OD – Once daily, BID – Twice daily  

Table 3: Simulation of 1000mg Q24Hr Dosage regimen  

Dosage 
Regimen 

Simula-
tion  

Avg SD Median (Range) 
Above the 
range 

In range 
Below the 
range 

1000mg Normal 79.561 47.84 72.133 (1.4984 - 215.88) 17% (17) 52% (52) 31% (31) 

OD s1p1 77.48 42.133 74.68 (1.4984 - 215.88) 16% (16) 57% (57) 27% (27) 

  s1p0 77.487 42.138 74.68 (1.4984 - 215.88) 16% (16) 57% (57) 27% (27) 

  s0p1 74.281 48.89 64.47 (1.4984 - 215.88) 17% (17) 46% (46) 37% (37) 

  s0p0 77.487 42.138 74.68 (1.4984 - 215.88) 16% (16) 57% (57) 27% (27) 

S1p1-Male patients with phenytoin,  s1p0-Male patients without phenytoin,                                                                 

s0p1-Female patients with phenytoin, s0p0-Female patients without phenytoin 

DISCUSSION 
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two-stage approach.[11] 

 Number of population pharmacokinetic 

studies were reported for valproate using NON-

MEM. These studies reported population pa-

rameters like clearance, volume of distribution 

and absorption rate constant and their variance.
[12-16]  The population pharmacokinetic parame-

ters used for the present study were taken from 

the work of Mallayasamy et al.[10] The values 

of pharmacokinetic parameters for the simula-

tions were fixed to these values as this study 

was intended to simulate typical Indian patient.  

Reports are available on simulation studies of 

valproate.[17]  Reported simulation studies as-

sumed conditions like missed doses and dosing 

at different time points and the resultant con-

centrations. Reported studies tested various 

dosage regimens like 500 mg BID and as well 

as 1000 mg BID.[18]  Present study also used 

these dosage regimens along with various other 

regimens used in the present setting for devel-

oping simulations.  

 Usually steady state trough concentra-

tions are used for therapeutic drug monitoring 

studies as the trough concentrations are more 

stable compared to the peak concentrations 

which are subjected to high inter-patient varia-

bility.[19] In the present study the dosing scenar-

io was predicted till 8 half-lives as the steady 

state can only be attained with 5 to 7 half-lives. 

Steady state median concentrations were used 

to interpret the results of simulations. 

 Patient group on 1000mg OD had lower 

median concentrations than 500 mg BD con-

centrations. In a study by Ahmed et al they also 

had similar observation of attaining higher me-

dian concentrations with 500 mg BID com-

pared to 1000 mg OD regimen.[18]   

25 
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Figure: Simulated plasma concentrations of various dosage regimen 

Figure 1: Simulation of 400mg BID Fig.2. Simulation of 500mg BID 

  

Fig. 3 Simulation of 800mg BID Fig 4. Simulation of 1000mg OD 
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Even though the percentage difference was 

lower between 400mg BID and 500mg BID 

groups, the median concentration was closed to 

the lower end of therapeutic range in 400mg 

BID group, so the 500 mg BID can be consid-

ered as optimal. The present study represents a 

population of adult age group and these simula-

tions did not consider pediatric age group as the 

parameters were derived from adult population 

and used in this simulation.  The current study 

simulated mean steady state concentrations 

with variability components from previous 

population pharmacokinetic data. Based on the 

inputs the variability observed in the concentra-

tion range was wider and this shows the role of 

monitoring and dosage adjustment. 

 The simulation study predicted potential 

scenarios with various dosage regimens and the 

potential therapeutic failure or success with 

each regimen. These simulations might be use-

ful in clinical decision making or as an initial 

guide for dosage regimen decision. Population 

pharmacokinetics will help in assessing phar-

macokinetic parameters in specific population. 

This approach can be implemented in our coun-

try as our population is diverse and pharmaco-

kinetics might be different from the reported 

western literature. Population pharmacokinetic 

values derived from Indian population will help 

to simulate appropriate dosage regimens for 

various drugs and the present study precisely 

attempted that. One limitation for the present 

study is the size of simulations which is for 100 

patients. Usually simulations will be performed 

with larger number of patients for better predic-

tion and the present study could not do this be-

cause of lack of accessibility to high power 

computing facilities.  

 The present study was planned to simu-

late the outcomes of various dosage regimen 

scenarios and covariates on valproate concen-

trations. The dosage regimen with 500 mg BID 

was found to be optimal whereas other dosage 

regimens tested resulted in toxic range or sub-

therapeutic range in large proportion of simu-

lated patients. Tested covariates did not have 

impact on the steady state concentrations ex-

cept in the female group of 1000 mg group. Re-

sults of this study helps to decide empirical 

starting dose based on the desired steady state 

trough concentrations. This study underscores 

the relevance of population pharmacokinetic 

based simulations in dosage regimen designing. 
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