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Purpose: The aim of this study was to evaluate the dose-proportional pharmacokinetic char-

acteristics of pregabalin following the administration of GLA5PR GLARS-NF1 tablets (150, 

300, 450, and 600 mg) in the fed state.

Subjects and methods: An open-label, randomized, single-dose, parallel study was conducted 

in 40 eligible subjects who were randomly assigned to receive a single 150, 300, 450, or 600 mg 

dose of GLA5PR GLARS-NF1. Serial blood samples were collected before and after dosing 

for 36 hours, and plasma concentrations were determined using liquid chromatography-tandem 

mass spectrometry. Safety profiles were evaluated throughout the study (trial registration 

number: NCT02327000).

Results: Thirty-seven subjects completed the studies. The area under the plasma concentration-

time curve up to the last measurable concentration of pregabalin exhibited dose proportional-

ity following administration of GLA5PR GLARS-NF1 tablets from 150 to 600 mg while its 

maximum plasma concentration showed dose proportionality at a dose range of 150–450 mg. 

The safety evaluations showed no clinically significant finding after administration of GLA5PR 

GLARS-NF1 tablets (150, 300, 450, and 600 mg) in the fed state.

Conclusions: The dose-proportional properties of GLA5PR GLARS-NF1 150–450 mg tablets 

were determined.

Keywords: gamma-aminobutyric acid analog, GABA analog, maximum concentration, safety 

evaluation, Korean

Introduction
Pregabalin, a gamma-aminobutyric acid (GABA) analog, acts similarly to 

[3H]-gabapentin by binding to the α
2
δ protein of voltage-gated calcium channels in the 

central nervous system.1 It is used as a treatment for neuropathic pain (particularly dia-

betic neuropathic pain and herpetic neuralgia) and fibromyalgia and as a supplementary 

treatment for epilepsy (partial seizure).2,3 Lyrica® capsules (Pfizer Pharmaceutical Ltd., 

Ann Arbor, MI, USA), the first pregabalin preparation, are manufactured as various 

dosage formulations, from 25 to 300 mg. The recommended doses of pregabalin are 

different from the indications. For example, 75–150 mg (150–300 mg/day) two times 

a day or 50–100 mg three times a day (150–300 mg/day) is recommended for posther-

petic neuralgia and 300–450 mg/day is recommended for fibromyalgia.4 Pregabalin is 

recommended as a twice daily dosing regimen, with 75–300 mg recommended for once-

daily dosing.1 It is absorbed into the systemic circulation in a dose-dependent manner. 

correspondence: Min-gul Kim
Department of Pharmacology, school of 
Medicine, chonbuk national University, 
20, geonji-ro, Deokjin-gu, Jeonju, 
Jeollabuk-do 54907, republic of Korea
Tel +82 063 259 3480
email mgkim@jbnu.ac.kr 

Journal name: Drug Design, Development and Therapy
Article Designation: Original Research
Year: 2018
Volume: 12
Running head verso: Shin et al
Running head recto: Dose proportionality of GLA5PR GLARS-NF1 in healthy Koreans
DOI: 167668

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S167668
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:mgkim@jbnu.ac.kr


Drug Design, Development and Therapy 2018:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3450

shin et al

The blood concentration of pregabalin has been reported to 

peak 1 hour after dosing and decrease with an elimination 

half-life (t
1/2

) of 4.8–6.3 hours.5 Therefore, pregabalin was 

developed to be administered three times daily.6 Subse-

quently, a twice daily formulation was also developed and 

marketed after testing in clinical trials.7,8

The Geometrically Long Absorption Regulated System 

(GLARS®) developed by GL Pharm Tech Corporation 

(Seongnam, Gyeonggi-do, Republic of Korea) is a technol-

ogy used to produce a unique three-layered, sustained-release 

tablet. The upper and lower layers contain polymers that rap-

idly swell and absorb an aqueous medium following contact. 

The middle layer contains highly hydrophilic excipients 

that help the medium penetrate the tablet’s interior rapidly. 

GLARS produces a tablet that the middle layer rapidly 

absorbs medium to dissolve the ingredients and the upper 

and lower layers swell to extend drug release.9 The swollen 

polymer simultaneously collapses the sides of the middle 

layer to control the release rate of the drug. Conversely, the 

relatively robust swelling layer reduces the external physical 

effects, such as those of the intestinal movement, on the drug 

release rate. The tablet absorbs approximately three to five 

times its weight in excess medium, which causes the tablet to 

continue releasing the drug even in the colon, where lack of 

aqueous medium exists to induce drug release. This technol-

ogy has paved the way for developing once daily, sustained-

release drug formulations with specific characteristics that 

were previously unachievable.

The GLA5PR GLARS-NF1 150 mg tablet is a GLARS-

adapted formulation of pregabalin developed by the GL 

Pharm Tech Corporation as a once daily regimen. It is a 

three-layered tablet with an uneven distribution of pregabalin 

in each layer. The upper and lower layers contain the high 

viscosity polymer, PEO, which regulates the release rate of 

pregabalin. In a previous study to compare the pharmacoki-

netic (PK) properties of GLA5PR GLARS-NF1 tablet and an 

immediate release (IR) formulation (Lyrica capsule, Pfizer) 

after multiple dosing under fed conditions in healthy male 

subjects (ClinicalTrials.gov registry no: NCT01638273), the 

maximum plasma concentration (C
max

) at the steady state of 

pregabalin was 27.74% higher following the administration 

of GLA5PR GLARS-NF1 tablet 150 mg than when the IR 

formulation (75 mg, twice daily =150 mg/day) was admin-

istered, whereas the area under the plasma concentration-

time curve (AUC) at the steady state of pregabalin after 

repeated administration to fed healthy male subjects was 

bioequivalent between the GLA5PR GLARS-NF1 150 mg 

tablet and the immediate formulation. Repeated treat-

ment with GLA5PR GLARS-NF1 was determined to be 

tolerable in healthy subjects compared with the immediate 

formulation.

This study was performed to evaluate the PK characteris-

tics and the dose proportionality of pregabalin following the 

administration of GLA5PR GLARS-NF1 tablets (150, 300, 

450, and 600 mg) in the fed state for clinical development.

Subjects and methods
subjects, ethics approval, and consent to 
participate
Healthy Korean male volunteers aged over 19–45 years were 

eligible for inclusion in this study if they weighed $45 kg and 

had a body mass index (BMI) of 17.5–30.5 kg/m2. Subjects 

were excluded from the study if they had any evidence or 

history of clinically significant diseases or an abnormal 

laboratory test result of clinical biochemistry, hematology, 

or urinalysis.

Study subjects were prohibited from consuming caf-

feinated or alcoholic beverages, smoking, and exercising 

strenuously from 3 days before study drug administration to 

the end of the last study period. Subjects were hospitalized 

from 9 hours before receiving the study drug to 36 hours after 

dosing. All subjects were fed a standard meal at 7:30 pm within 

20 minutes on the day of administration of the investigational 

drug for each period followed by oral administration of either 

one tablet each of the test or reference drug according to the 

randomly assigned sequence at approximately 8:00 pm.

All subjects provided their written informed consent 

before being screened for the study. The study protocols were 

reviewed and approved by the Institutional Review Board of 

Chonbuk National University Hospital (ClinicalTrials.gov 

registry no: NCT02327000). These studies were conducted 

at Chonbuk National University Hospital, Center of Clinical 

Pharmacology, Republic of Korea. The studies were con-

ducted in accordance with the principles stipulated in the 

Declaration of Helsinki, as amended in 2013 (Fortaleza, 

Brazil) and the Good Clinical Practice guidelines of the 

International Council for Harmonization.

study design and treatment
The study was conducted as a randomized, open-label, single-

dose parallel study in 40 healthy male volunteers who were 

assigned to four treatment groups of 10 subjects each. The 

investigational products were GLA5PR GLARS-NF1 tab-

lets (150 mg) and GLA5PR GLARS-NF1 tablets (300 mg). 

Four treatment groups were assigned as follows: treatment 

1, single administration of GLA5PR GLARS-NF1 150 mg; 

treatment 2, single administration of GLA5PR GLARS-NF1 

300 mg; treatment 3, single administration of GLA5PR 
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GLARS-NF1 450 mg (150 mg tablet+300 mg tablet); and 

treatment 4, single administration of GLA5PR GLARS-NF1 

600 mg (two 300 mg tablets).

The investigational product was administered orally in 

the fed state at approximately 8:00 pm according to treat-

ment groups. The consumption of a standard meal began 

30 minutes prior to drug administration (approximately 

7:30 pm) and finished within 20 minutes. The standard meal 

contained 2,000 kcal/day, with a caloric content of carbohy-

drates 255 g/day, protein 95 g/day, and lipids 60 g/day, which 

served as a general meal to patients in the Chonbuk National 

University Hospital. Subjects swallowed the investigational 

product as a whole tablet with 240 mL of water and did not 

chew the medication prior to swallowing. The oral cavity 

of each subject was examined by the investigator following 

dosing to ensure that the investigational product had been 

administered.

Determination of plasma pregabalin 
concentration
We used a standard procedure for the sample preparation. 

Following a single dose of GLA5PR GLARS-NF1, blood 

samples were collected before dosing (0 hour) and 1, 1.5, 2, 

3, 4, 5, 6, 8, 10, 12, 14, 24, and 36 hours after dosing of the 

drug for the PK analysis.

A validated liquid chromatography-tandem mass spec-

trometry (LC-MS/MS) method was used to analyze the 

samples,10 and pregabalin-13C
3
 was used as the internal 

standard. Human plasma was pretreated with pregabalin 

using a protein precipitation method, and the suitability of 

the linearity and quality control samples of each batch was 

evaluated. The calibration curve was constructed using a 

concentration range of 50–20,000 ng/mL in plasma, and the 

correlation coefficient (r) value was .0.9950. In addition, 

the accuracy of the low-, medium-, and high-concentration 

control samples was evaluated to confirm the suitability of 

the analysis of batch and measurement values. The accura-

cies ranged between 85% and 115% (85% and 120% for the 

lower limit of quantification), and the precisions were ,15%. 

The change (%) of the stabilities of the stock and standard 

solutions between the reference and the test samples were 

confirmed to be within 10%. The concentration of pregaba-

lin in the sample was obtained by calculating the peak area 

ratio of the analyte to the peak area of each internal standard 

material obtained after the LC-MS/MS analysis.

PK analysis
The plasma concentrations of pregabalin at scheduled time 

points following drug administration were analyzed. The PK 

parameters for each treatment group were analyzed: C
max

, the 

time required to reach the C
max

 (T
max

), AUC from 0 hour to 

time t (AUC
0–t

, where t is the last time point with a measurable 

concentration), AUC from 0 hour to infinity (AUC
0–inf

), and 

t
1/2

. The AUC
0–t

 was calculated using the linear trapezoidal 

method. The observed concentrations and times were used 

to estimate the C
max

 and T
max

 of pregabalin. The AUC
0–inf

 

was calculated as AUC
0–t

+C
t
/λ

z
, where C

t
 is the last mea-

sured concentration, and λ
z
 is the elimination rate constant 

calculated using linear regression of the log-linear portion of 

the plasma concentration-time curve. The t
1/2

 was calculated 

as ln2/λ
z
. All the PK parameters were estimated using the 

Phoenix® WinNonlin® software (version 6.3, Certara USA 

Inc., Princeton, NJ, USA).

Tolerability assessment
The tolerability was assessed by the investigator who moni-

tored adverse events (AEs) and vital signs and performed 

physical examinations, 12-lead electrocardiogram (ECG), 

and clinical laboratory tests. Full physical examinations were 

conducted at the screening, and poststudy visit and brief 

physical examinations were performed on day 1 and day 3 

of the study period. ECGs were performed at the screening 

and poststudy visit. Vital signs were evaluated at screening, 

day 1 and day 3 of the study period, and the poststudy visit. 

Systolic and diastolic blood pressures and heart rate were 

measured in subjects in a sitting position after a 3-minute 

rest using an automated device. The body temperature was 

measured using a tympanic thermometer. Blood samples 

were collected for clinical laboratory assessments of hema-

tology and blood chemistry, and urinalysis was conducted 

at screening and on day 1 and day 3 of the study period and 

the poststudy visit.

statistical analysis
The PK parameters were descriptively analyzed and sum-

marized as the arithmetic mean and standard deviation (SD) 

or the median and range for the T
max

. The PK parameters and 

dose-normalized C
max

 and AUC
last

 were compared among the 

groups using a one-way ANOVA. The dose-normalized C
max

 

and AUC
last

 of the 300, 450, and 600 mg treatment groups 

were compared with those of the 150 mg treatment group. 

Geometric least square mean ratios and 90% CIs of the 300, 

450, and 600 mg treatment groups compared with those of 

the 150 mg treatment group were evaluated. The C
max

 and 

AUC
last

 were tested using linear regression analysis, setting 

the administered dose as the independent variable and pri-

mary PK variables (C
max

 and AUC
last

) as dependent variables. 

Power model [Y=Exp(α) (Dose)^β Exp(ε)] was used in this 
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analysis. ln(Y)=α+β ⋅ ln(Dose)+ε, where α represents fixed 

period effects and random subject effects, β equal to 1 indi-

cates perfect dose proportionality, and ε represents errors.11

Dose proportionality was determined when the 

(1–α)×100% CI of slope β fell within the equivalent limit.12 

The Θ was a prespecified limit; Θ
L
 was 0.8 as the low limit 

and Θ
H
 was 1.25 as the high limit. The r was 4 as the ratio 

of the highest to the lowest dose.12

 
Equivalent limi s: 1

ln 

ln 

ln 

ln 
t + β

θ θ( )

( )

( )

( )
L H

r r
    1+

 

The statistical analysis was performed using the SAS® 

software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
subjects
A total of 40 subjects were enrolled and randomized (10 per 

treatment group). Two subjects withdrew their consent before 

administration of the investigational product, and 38 subjects 

were administered the investigational product. One subject 

dropped out of the study after completing the scheduled 

blood sampling. Although the poststudy visit was missed, the 

subject was included in the PK data set. Finally, 37 subjects 

completed the study according to the study protocol and, 

therefore, the PK analysis was performed in 38 subjects. All 

the subjects were healthy male volunteers with a mean age, 

height, weight, and BMI of 24.7 years, 173.59 cm, 71.24 kg, 

and 23.62 kg/m2, respectively (Table 1).

These demographics were not significantly different 

among the treatment groups. Histories of smoking cigarettes 

and consumption of alcohol and caffeine were recorded 

during the screening interview, and all subjects met the 

inclusion criteria. There were no statistically significant dif-

ferences among treatment groups in the cigarette smoking 

and alcohol consumption history. There was a statistically 

significant difference among treatment groups in caffeine 

intake (P=0.0434). However, caffeine intake was assessed 

at screening and it was prohibited during hospitalization. 

Moreover, the half-life of caffeine was reported to be 

approximately 15–45 minutes,13 and no significant interac-

tion between pregabalin and caffeine was reported. Thus, 

this outcome was not considered to have affected the results 

of the study.

PK analysis
The plasma pregabalin concentration-time profiles after 

GLA5PR GLARS-NF1 150, 300, 450, and 600 mg adminis-

tration are presented in Figure 1. The PK parameters of each 

treatment are described in Table 2. There were no statistically 

significant differences between treatment groups in the dose-

normalized C
max

 (P=0.5962) and AUC
last

 (P=0.9874). The 

geometric mean ratios and 90% CIs for the dose-corrected 

C
max

 and AUC
last

 are presented in Table 3.

The comparison between treatments 1 and 2 (GLA5PR 

GLARS-NF1 150 mg and 300 mg, respectively) revealed 

that the geometric mean ratios (90% CIs) of C
max

 and AUC
last

 

were 0.9767 (0.8416–1.1335) and 1.0205 (0.8928–1.1666), 

respectively. The comparison between treatments 1 

and 3 (GLA5PR GLARS-NF1 100 and 450 mg, respec-

tively) showed that the geometric mean ratios (90% CIs) of 

C
max

 and AUC
last

 were 0.9389 (0.8057–1.0941) and 0.9908 

(0.8636–1.1368), respectively. The comparison between 

treatments 1 and 4 (GLA5PR GLARS-NF1 100 and 600 mg, 

respectively) revealed that the geometric mean ratios (90% 

CIs) of C
max

 and AUC
last

 were 0.8949 (0.7680–1.0429) and 

1.0139 (0.8838–1.1632), respectively (Table 3). The median 

and distribution of C
max

 and AUC
last

 data in each treatment 

were analyzed. Both the C
max

 and AUC
last

 of treatment 1 

(GLA5PR GLARS-NF1 150 mg) showed relatively wide 

ranges of individual variability compared with those of the 

other treatments (Figure 2A and B).

Table 1 Demographic data of the 38 study subjects

Variable Treatment groups All subjects
(N=38)

P-valuea

150 mg
(n=10)

300 mg
(n=10)

450 mg
(n=9)

600 mg
(n=9)

age (years) 24.9±2.5 23.8±1.6 25.3±1.5 24.8±3.5 24.7±2.4 0.5570
Weight (kg) 74.44±8.67 68.58±6.85 70.76±4.81 71.11±11.87 71.24±8.36 0.4893
height (cm) 175.89±5.18 173.06±5.96 173.14±3.86 172.08±7.26 173.59±5.65 0.5008
BMi (kg/m2) 24.14±3.48 22.88±1.70 23.60±1.61 23.87±2.15 23.62±2.33 0.6751

Notes: Treatment 1 (150 mg): gla5Pr glars-nF1 150 mg tablet; treatment 2 (300 mg): gla5Pr glars-nF1 300 mg tablet; treatment 3 (450 mg): gla5Pr glars-nF1 
150 mg+300 mg tablets; treatment 4 (600 mg): gla5Pr glars-nF1 two 300 mg tablets; all treatments were after standard meal. aanOVa was used. Data are presented 
as mean ± standard deviation.
Abbreviation: BMi, body mass index.
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In the analysis of dose proportionality using the power 

model, the 90% CI of C
max

 and AUC
last

 was 0.8241–1.0252 

and 0.9130–1.0935, respectively. Furthermore, the values 

of AUC
last

 fell within the equivalent limit of 0.8390–1.1610, 

which demonstrated dose proportionality, but those of C
max

 

did not (Table 4). Regressions for log(dose) vs log(C
max

) 

and logAUC(
last

) of each individuals by treatment group are 

presented in Figure 3A and B, respectively.

Tolerability
Among the 38 subjects who received the investigational 

products, 10 experienced 17 AEs (treatment 1, one AE in one 

subject; treatment 2, three AEs in three subjects; treatment 3: 

four AEs in two subjects; and treatment 4, nine AEs in four 

subjects) (Table 5). Six cases of dizziness; two cases of 

blurred vision, white blood cells in the urine, dysarthria, and 

headache; and one case of blood bilirubin increase, nausea, 

Figure 1 Mean plasma concentration-time curves of pregabalin by treatment groups.
Note: (A) linear and (B) log scale.

Table 2 summary of plasma pregabalin pharmacokinetic parameter values after oral administration of gla5Pr glars-nF1 150, 300, 
450, and 600 mg

Variable Treatment groups P-valuea

150 mg (n=10) 300 mg (n=10) 450 mg (n=9) 600 mg (n=9)

aUclast (h⋅ng-1⋅ml-1) 26,439.53±5,606.82 52,995.99±5,916.89 77,632.88±12,525.10 106,053.94±17,346.78 ,0.001
aUclast/dose (h⋅ng-1⋅ml-1⋅mg-1) 176.26±37.38 176.65±19.72 172.52±27.83 176.76±28.91 0.9874
aUcinf (h⋅ng-1⋅ml-1) 27,658.58±5,798.22 54,928.06±5,986.83 80,448.20±14,894.16 109,729.69±18,694.32 ,0.001
Cmax (ng/ml) 2,063.04±436.24 3,975.90±539.13 5,799.61±1,213.89 7,342.02±1,374.87 ,0.001
Cmax/dose (ng⋅ml-1⋅dose-1) 13.75±2.91 13.25±1.80 12.89±2.70 12.24±2.29 0.5962
Tmax (h) 6.00 [4.00–8.00] 8.00 [5.00–12.0] 6.00 [4.00–12.0] 8.00 [4.00–10.0] na
t1/2 (h) 6.51±0.89 6.37±0.33 6.23±0.85 6.23±0.69 0.804
cl/F (l/h) 5.69±1.44 5.52±0.59 5.75±1.00 5.62±1.03 0.968
Vd/F (l) 52.24±9.29 50.74±5.98 50.98±6.52 50.10±8.21 0.940

Notes: Data are means ± standard deviation, except for Tmax values, which are medians [min–max]. aanOVa was used.
Abbreviations: aUclast, area under the serum concentration-time curve from time zero to the time of the last measured concentration; Cmax, maximum serum concentration; 
Tmax, time to peak concentration; t1/2, half-life; cl/F, apparent clearance; Vd/F, apparent volume of distribution; na, not applicable.
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and hypertension were reported. Four cases of dizziness, 

two cases of blurred vision and dysarthria, and one case of 

nausea were moderate in intensity, and the other eight AEs 

were mild in intensity.

Six cases of dizziness, two cases of blurred vision, dysar-

thria and headache, and one case of nausea were considered 

to be related to the investigational product. Other AEs were 

not considered to have causal relationships with the investiga-

tional products. For all AEs, no action was taken, and subjects 

recovered without any sequelae. No clinically significant find-

ings were observed in the safety evaluations of the laboratory 

tests, vital signs, physical examinations, and ECGs.

Discussion
This study aimed to evaluate the PK characteristics of 

pregabalin following the administration of GLA5PR 

GLARS-NF1 tablets (150, 300, 450, and 600 mg) in the 

fed state. GLA5PR GLARS-NF1 exhibited dose linearity 

in the range of 150–600 mg. In the assessment of dose pro-

portionalities using the power model, the AUC
last

 and C
max

 

of GLA5PR GLARS-NF1 exhibited dose proportionality in 

ranges of 150–600 and 150–450 mg, respectively. No clini-

cally significant finding was observed in the safety evaluation 

after the administration of GLA5PR GLARS-NF1 tablets 

(150, 300, 450, and 600 mg) in the fed state.

Table 3 statistical analysis of dose proportionality of dose-normalized data using ci approach base on anOVa model

Pharmacokinetic parameter Geometric LSM Geometric LSM ratio

300 mg
(n=10)

150 mg
(n=10)

Point estimate
(300/150 mg)

90% CI

aUclast/dose (h⋅ng-1⋅ml-1⋅mg-1) 175.67 172.14 1.0205 0.8928–1.1666
Cmax/dose (ng⋅ml-1⋅mg-1) 13.14 13.45 0.9767 0.8416–1.1335

450 mg
(n=9)

150 mg
(n=10)

Point estimate
(450/150 mg)

90% ci

aUclast/dose (h⋅ng-1⋅ml-1⋅mg-1) 170.56 172.14 0.9908 0.8636–1.1368
Cmax/dose (ng⋅ml-1⋅mg-1) 12.63 13.45 0.9389 0.8057–1.0941

600 mg
(n=9)

150 mg
(n=10)

Point estimate
(600/150 mg)

90% ci

aUclast/dose (h⋅ng-1⋅ml-1⋅mg-1) 174.55 172.14 1.0139 0.8838–1.1632
Cmax/dose (ng⋅ml-1⋅mg-1) 12.04 13.45 0.8949 0.7680–1.0429

Abbreviations: aUclast, area under the serum concentration-time curve from time zero to the time of the last measured concentration; Cmax, maximum serum concentration; 
lsM, least square mean.

Figure 2 Box-whiskers-plots of pregabalin.
Notes: (A) aUclast/dose and (B) Cmax/dose after oral gla5Pr glars-nF1 150, 300, 450, and 600 mg administration. Median is indicated by line in the box. interquartile 
range box represents the middle 50% of the data. Whiskers represent ranges of bottom and top 25% of data values excluding outliers.
Abbreviations: aUclast, area under the serum concentration-time curve from time zero to the time of the last measured concentration; Cmax, maximum serum 
concentration.
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Table 4 assessment of dose proportionality for gla5Pr glars-nF1 from 150 to 600 mg using the power modela

Dependent variable Model variable Estimate (β) P-value 90% CI Equivalent limitsb

aUclast (h⋅ng-1⋅ml-1) ln(Dose) 1.0032 ,0.0001 0.9130–1.0935 0.8390–1.1610
Cmax (ng/ml) ln(Dose) 0.9246 ,0.0001 0.8241–1.0252 0.8390–1.1610

Notes: aPower model: ln(pharmacokinetic [PK] parameter) = α+β*ln(Dose)+ε. bequivalent limits: 1+{ln(0.8)/ln(dose ratio)} ,β,1+{ln(1.25)/ln(dose ratio)}; Dose ratio: high 
dose/low dose.
Abbreviations: aUclast, area under the serum concentration-time curve from time zero to the time of the last measured concentration; Cmax, maximum serum concentration.

Figure 3 regression plot of pregabalin.
Note: (A) log(aUclast) and (B) log(Cmax).
Abbreviations: aUclast, area under the serum concentration-time curve from time zero to the time of the last measured concentration; Cmax, maximum serum 
concentration.

A linear PK indicates that any concentration-time pro-

files normalized for dose or time are superimposable14 and 

the linear PK properties facilitate dose regimen adjustments 

in patients. One of the necessary conditions for a linear PK 

is dose proportionality, and its assessment is a major PK 

analysis conducted during clinical development.11 In a previ-

ous study, pregabalin showed linear PK properties at a dose 

range of 150–600 mg and a dose–response relationship was 

observed at this dose range.15 In the current study, GLA5PR 

GLARS-NF1, a newly developed controlled release (CR) 

formulation of pregabalin, showed dose proportionality 

and linearity at dose ranges of 150–450 mg and 150–600 

mg, respectively. Furthermore, the AUC
last

 of the GLA5PR 

GLARS-NF1 600 mg dose showed satisfactory dose pro-

portionality, and the C
max

 slightly deviated from the lower 

limit value.

The study drug was administered after evening meal 

according to the label information of the marketed pregabalin, 

Lyrica. For pregabalin IR formulation (Lyrica), there was no 

clinically significant effect of food on the PKs of pregabalin, 

even though the absorption rate of pregabalin was decreased 

when administered with food, resulting in an approximately 

25%–35% decrease in C
max

 and an approximately 3-hour 

increase in T
max

. In the drug label for IR formulation, the time 

of day of administration is not indicated for the regimen.16 

On the contrary, for the pregabalin CR formulation, the 

AUC
inf

 ratios of the fed states with medium caloric contents 

(600–750 calories) and low caloric contents (400–500 

calories) over the fast states were 142.02% and 129.58%, 

respectively.17 In the drug label for CR formulation, drug 

administration is recommended after evening meal.

Because the safety of subjects in the study was a concern, 

the study drug was administrated in the evening. The most 

commonly reported AEs for pregabalin were dizziness and 

sleepiness in healthy subjects.1 Subjects in this study took 

pregabalin after dinner to reduce these AEs and, thereby, 

its safety improved. Among the 38 subjects who received 

the investigational products, 10 (26.3%) experienced a 

total of 17 AEs (six cases of dizziness; two cases each of 

blurred vision, white blood cells in the urine, dysarthria, and 
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Table 5 adverse events in subjects for gla5Pr glars-nF1 
from 150 to 600 mg administrations

System organ class 
preferred term

150 mg
(n=10)

300 mg
(n=10)

450 mg
(n=9)

600 mg
(n=9)

Total 1 (1) 3 (3) 2 (4) 4 (9)
eye disorders 0 (0) 0 (0) 1 (1) 1 (1)

Vision blurred 0 (0) 0 (0) 1 (1) 1 (1)
gastrointestinal disorders 0 (0) 0 (0) 0 (0) 1 (1)

nausea 0 (0) 0 (0) 0 (0) 1 (1)
investigations 1 (1) 2 (2) 0 (0) 0 (0)

Blood bilirubin increased 0 (0) 1 (1) 0 (0) 0 (0)
White blood cells urine 
positive

1 (1) 1 (1) 0 (0) 0 (0)

nervous system disorders 0 (0) 0 (0) 2 (3) 4 (7)
Dizziness 0 (0) 0 (0) 2 (2) 4 (4)
Dysarthria 0 (0) 0 (0) 1 (1) 1 (1)
headache 0 (0) 0 (0) 0 (0) 2 (2)

Vascular disorders 0 (0) 1 (1) 0 (0) 0 (0)
hypertension 0 (0) 1 (1) 0 (0) 0 (0)

Note: Data are represented as number of subjects (number of cases).

headache; and one case each of increased blood bilirubin 

levels, nausea, and hypertension). There were no significant 

differences in AE incidence between the treatment groups, 

and no clinically significant findings were observed in the 

safety evaluations.

The current study had some limitations that are worth 

mentioning. For instance, the study was conducted with 

healthy male volunteers using a parallel study design, and 

patients might show different PK properties from those of 

healthy subjects because of factors such as disease progres-

sion or the administration of concomitant drugs. A crossover 

study design was adopted in numerous dose-proportional 

PK studies to reduce the effect of interindividual variability. 

However, the parallel study designs were also chosen for 

numerous dose-proportional studies. In a previous report, 

a total of 34% of approximately 150 clinical studies were 

performed with a parallel study design.11 On the contrary, 

gender was one of the major factors affecting the PK and 

pharmacodynamics of drugs.18,19 However, no clinically 

significant gender difference was observed in the population 

PKs of pregabalin.16 Meanwhile, the average age of the study 

subjects was 25 years. The oral clearance of pregabalin has 

shown trends to decrease with increasing age, and it was 

considered to be related to decreased creatinine clearance.16 

Further evaluation of dose proportionality in a wide ranges of 

ages including elderly patients would be helpful for determin-

ing the comprehensive PK characteristics of pregabalin.

Conclusion
GLA5PR GLARS-NF1 exhibited dose proportionality in the 

range of 150–450 mg. Doses ranging from 150 to 600 mg 

GLA5PR GLARS-NF1 were well-tolerated in the healthy 

subjects.
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