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Purpose: The aim of this study was to develop a tablet formulation of choline alfoscerate
and to assess its bioequivalence by comparing its pharmacokinetic parameters with those of
a commercially available soft gelatin capsule (Gliatilin®) in healthy Korean male volunteers.
Materials and methods: Film-coated tablet formulation was optimized to control the
hygroscopicity of choline alfoscerate. Bioequivalence study was performed under fasted
condition with a randomized, single-dose, two-period crossover design. Subjects were
orally treated with 1,200 mg of test or reference choline alfoscerate (400 mg X three doses)
formulation. Blood samples were collected up to 12 hours the day before dosing to correct
the baseline level of choline and 12 hours after dosing to obtain drug absorption profile.
Pharmacokinetic parameters were determined after analyzing plasma concentration of choline
by using LC-MS/MS.

Results: Hygroscopicity of choline alfoscerate was successfully controlled by adding suitable
amount of Neusilin® (magnesium aluminometasilicate) in the film-coated tablet. Stability
of the tablet formulation was also confirmed under the accelerated condition for 3 months.
Bioequivalence study showed that the mean area under the plasma concentration—time
curve from time 0 to infinity of test tablet and reference soft capsule was 3.428+2.170 and
3.305+1.803 pg-h/mL, respectively; the mean C_ _was 0.365+0.158 and 0.38040.108 pg/mL,
respectively; and the mean T _was 3.51+2.57 and 3.8543.19 hours, respectively. The 90%
CIs for geometric mean ratios of test to reference formulation for AUC,  and C___ were
84.51%—-111.98% and 83.31%—104.10%, respectively, and satisfied the EMA regulatory
criteria for bioequivalence.

Conclusion: Pharmacokinetic parameters including the C | _and AUC  determined after oral
administration of the two formulations in healthy Korean male volunteers showed that the differ-
ences between the formulations (tablet vs soft capsule) were not significant for bioequivalence.
Both formulations were well tolerated, with no serious adverse events reported.
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Introduction

Choline alfoscerate (Figure 1) is hydrolyzed to choline which is the precursor of the
neurotransmitter acetylcholine, and is used for the improvement of cognitive dys-
function in patients with dementia of neurodegenerative and vascular origin.'? It has
an elimination half-life of 0.5-6.2 hours® and is completely absorbed following oral
administration.* Choline alfoscerate is commercially available as soft capsule and
administered at a dose of 400 mg three times a day. However, the physical strength
of the gelatin shell could become weaker under high temperature, shell can deform at
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Figure | The structure of choline alfoscerate (L-alpha glycerylphosphorylcholine).

high temperature. The drug dissolved in soft gelatin can also
migrate to the gelatin shell over time.> Thus, a tablet dosage
form of choline alfoscerate was developed to overcome the
disadvantages of the soft capsule. Unfortunately, choline
alfoscerate is highly hygroscopic, and hence, its powder
can turn sticky when exposed to humid air during manufac-
turing process. This could be the main reason that the first
commercial preparation (reference) of choline alfoscerate
was launched in the market as a soft capsule, in which cho-
line alfoscerate was dissolved in glycerin. The formulation
strategy used in this study for developing choline alfoscer-
ate tablet was selection of suitable excipients that could
efficiently surround the surface of the drug to inhibit water
absorption. However, the amount of hydrophobic excipients
needed to be minimized as they could retard the dissolution
of choline alfoscerate,® thereby negatively influencing the
bioequivalence of the tablet.

Choline alfoscerate is readily hydrolyzed by phospho-
diesterases in the gut mucosa to form free choline.” The
active major metabolite, choline, can be measured in plasma
following oral administration of choline alfoscerate, and the
increased plasma levels of choline reflect the absorption of
choline alfoscerate.* Choline in plasma can be measured
using LC-MS/MS. However, choline is an endogenous
material which comes from one of the two sources: the
dietary intake and synthesis by de novo pathway from
phosphatidylcholine.® The difference in the concentrations
of endogenous choline may cause subject variability in
drug absorption and failure in bioequivalence studies. Thus,
the absorption of choline after drug administration should
be checked under choline-limited diet control in healthy
volunteers and the removal of individual interference by
endogenous choline.

The aim of the present study was to prepare an optimum
tablet formulation of choline alfoscerate and to compare
the bioequivalence of the newly formulated tablet with the
reference soft capsule according to the EMA guidelines’
in healthy Korean male volunteers. The absorbed plasma
concentration of choline after drug administration was deter-
mined, and the plasma concentration was also calculated

after correcting the and then was calculated by subtracting
the baseline values determined before dosing at the same
plasma sampling time.>!

Materials and methods

Materials

Choline alfoscerate was purchased from HanseoChem
(Pyeongtack, Republic of Korea). Neusilin® (magnesium
aluminometasilicate; Fuji Chemical, Osaka, Japan) was used
to control the water absorption of drug and to improve the
granule fluidity. Polyvinylpyrrolidone (PVP) K-30 (BASF,
Ludwigshafen, Germany) was added as a binder. Micro-
crystalline cellulose (Mingtai Chemical, Mountainside,
Bah-Der, Taiwan), lactose monohydrate and lactose
anhydrous (DFE Pharma, Goch, Germany), and dicalcium
phosphate anhydrous (A-TAB; Innophos, Cranbury, NJ,
USA) were used as excipients for the tablets. Croscarmel-
lose sodium (DFE Pharma), sodium starch glycolate (Yung
Zip, Taichung, Taiwan), crospovidone (Polyplasdone XL;
Ashland, Covington, KY, USA), magnesium stearate (FACI,
Carasco, Italy), and sodium stearyl fumarate (Pruv; JRS
Pharma, Rosenberg, Germany) were used as superdisin-
tegrant and lubricant, respectively. Opadry I® and Opadry
AMB® were obtained from Colorcon (Shanghai, China).
Gliatilin® soft capsules (Daewoong Pharmaceutical, Seoul,
Republic of Korea) were purchased from a local pharmacy.

Selection of excipients

Table 1 shows the list of excipients tested for their ability
to prevent water uptake of choline alfoscerate. An aliquot
amount of choline alfoscerate (1 g) was thoroughly mixed
with the same weight of each excipient and was kept in 80%
relative humidity (RH) condition for 1 day. Relative moisture
uptake (%) was calculated by comparing the weight gain
before and after mixing with excipients. The excipients with
relatively low moisture uptake were selected for the tablet
formulation of choline alfoscerate.

Preparation and evaluation of choline

alfoscerate core tablets

Preparation of core tablets

Wet granulation method was applied for preparing the choline
alfoscerate tablet. Table 2 provides the composition of core
tablets to show the effect of magnesium aluminometasilicate
on the protection of moisture and disintegration time. Mag-
nesium aluminometasilicate (5%-30%) was added both in
and out of the granules of the tablets in order to surround the
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Table | Selection of excipients for choline alfoscerate tablet formulation (n=3)

Function Excipient Moisture uptake (%)* Selection
Active pharmaceutical ingredient Choline alfoscerate only 18.7+0.4°
Diluent Dicalcium phosphate 28.2+1.0 \
Microcrystalline cellulose 32.2+1.0
Lactose hydrate 34.410.6
Lactose anhydrous 34.4x1.6
Binder Polyvinylpyrrolidone K-30 31.8%1.2 \/
Hydroxypropylcellulose 32.8t1.6
Disintegrant Croscarmellose sodium 33.4£1.0 \
Sodium starch glycolate 34.0t1.4
Crospovidone 33.8t1.6
Glidant Magnesium aluminometasilicate 29.6x1.4 J
Calcium silicate 33.0+0.8
Aerosil 34.0£1.0
Talc 30.2+1.4
Lubricant Magnesium stearate 34.8£0.4
Sodium stearyl fumarate 29.0x1.4 \

Notes: *“Weight gain (%) of choline alfoscerate (I g) when each mixture was left at 80% RH for | day. ®Weight gain (%) of choline alfoscerate powder (I g), which turned

wet and eventually liquefied.
Abbreviation: RH, relative humidity.

drug particles more efficiently.!" Briefly, after preblending
choline alfoscerate with magnesium aluminometasilicate
and microcrystalline cellulose, the granulation process was
performed using a high-speed mixer (PharmaConnect™;
GEA, Diisseldorf, Germany) with 70% ethanol binder solu-
tion containing PVP K-30. The binder solution was sprayed
through a 0.3 mm spray nozzle at 1.5 bar, followed by dry-
ing at 50°C in an oven (MOV-212S; Sanyo, Osaka, Japan).

Table 2 Compositions of the choline alfoscerate core tablets

Then, the granules were mixed with magnesium alumi-
nometasilicate, dicalcium phosphate, and croscarmellose
sodium. After adding lubricant (sodium stearyl fumarate),
oblong-shaped core tablets were compressed using a tableting
machine (Rimek MINIII SF; Karnavati Engineering, Gujarat,
India). Tablet processing problems including sticking, pick-
ing, laminating, and punch-filling issue observed for each
composition were recorded.

Compositions Fl F2 F3 F4 F5 Fé6 F7 F8

Choline alfoscerate (mg) 400 400 400 400 400 400 400 400

Magnesium aluminometasilicate (%) 5(I:1) 8 (I:1) 15 (1:1) 30 (I:1) 15 (1:0) 15 (2:1) 15 (1:2) 15 (0:1)

(in/out ratio of granules)

DCP/MCC (%) I 17 17 10 15 15 15 15

PVP K-30 (%) 2 2 0.5 | 0.5 0.5 0.5 0.9

Croscarmellose sodium (%) 5 5 5 5 5 5 5 5

Sodium stearyl fumarate (%) 2 2 2 2 2 2 2 2

Total weight (mg) 530 600 650 780 650 650 650 650

Tablet processing problem Sticking Laminating | No issue No issue Sticking No issue No issue Filling
Picking Picking issue

Disintegration time (minutes)® 13 I I 19 13 10 9 8

Moisture uptake (%) 49.0+0.4 33.2+0.6 29.0+0.7 28.0+0.3 38.4+0.9 26.8+0.6 25.610.8 29.2£1.0

Notes: *Weight percent in total tablet weight. *Disintegration time (minutes) of core tablets in water. “Weight increase (%) of core tablets when it was left in open at

80% RH for | day.

Abbreviations: DCP, dicalcium phosphate; MCC, microcrystalline cellulose; PVP, polyvinylpyrrolidone; RH, relative humidity.
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Disintegration time of core tablets

Disintegration time for core tablets was determined in water
using the USP disintegration method (DIT-200; Labfine,
Gunpo, Republic of Korea).

Moisture uptake of core tablets

Weight gain of core tablets by moisture uptake was measured
to evaluate the effect of magnesium aluminometasilicate at
various contents (F1-F4; Table 2) and in/out ratios of gran-
ules (F5-F8; Table 2). Core tablets were put in a Petri dish
and left for 1 day in the desiccator with 80% RH, equilibrated
with the saturated aqueous solution of ammonium sulfate.!?
The weight gain (%) was determined by measuring the weight
of tablets before and after storage in the desiccator.

Preparation and evaluation of film-coated

tablets

Preparation of film-coated tablets

The core tablets were subcoated with hydroxypropyl
methylcellulose-based Opadry 1® using organic solvent for
1% weight gain, and followed by coating with polyvinyl
alcohol-based Opadry AMB® using aqueous system for 3%
weight gain to improve the water stability during storage
of tablet.!

Appearance change of film-coated tablets

Appearance of the film-coated tablet was observed at vari-
ous RH conditions. Desiccators with 22%, 33%, 60%, and
80% RH were prepared using saturated salt solution of
potassium acetate, magnesium chloride, sodium bromide,

and ammonium sulfate, respectively.!” Film-coated tablet
of F7 was placed in desiccators for up to 30 days. The time
point at which the appearance began to change due to the
uptake of moisture was recorded.

In vitro dissolution test of film-coated tablets

The dissolution of choline alfoscerate was measured using
USP apparatus 2 (paddle). The dissolution medium used
was 900 mL of distilled water at 37°C+0.5°C and stirred at
50 rpm. Dissolution study was conducted on 12 individual
film-coated test tablets or reference soft capsules. At prede-
termined intervals (0, 5, 10, 15, and 30 minutes), 5 mL of
the medium was sampled and filtered through a membrane
filter (0.45 um). Then, the concentration of choline alfoscer-
ate was analyzed using a HPLC system with refractive index
detector (Waters 410; Waters, Milford, MA, USA).!* Zorbax
SB-CN column (250 x 4.6 mm, 5 um; Agilent) filled with
porous silica particles chemically bonded with nitrile groups
was used for analytical assay and maintained at 38°C. The
mobile phase used was a mixture of acetonitrile and water
(60/40, v/v) at a flow rate of 1.5 mL/min. The injection
volume was 20 uL.

Stability test in the accelerated condition

Stability of the film-coated tablets packaged with Zymax
blister film (Bilcare, Changi, Singapore) was tested after
keeping the tablets in an accelerated chamber (40°C/75%
RH) for 3 months (Table 3). Appearance and disintegra-
tion time were compared with those of the reference soft
capsule. The content of choline alfoscerate was analyzed

Table 3 Stability of film-coated test tablet and the reference soft capsule of choline alfoscerate (400 mg) after 3 months of storage

under the accelerated condition (40°C/75% RH)

Test variables Test Reference

Initial 3 months Initial 3 months
Appearance Light yellow Pale yellow

Oblong type Oval type

No change Deform

Disintegration time 9 minutes 9 minutes 10 minutes 12 minutes
(n=6)
Assay? 100.1%+1.3% 101.9%+0.4% 99.9%+1.0% 101.2%+1.2%
(n=3)
Hardness® 21.0£0.8 kp 20.7£1.2 kp - -
(n=3)

Note: *Values are expressed as mean + SD.
Abbreviation: RH, relative humidity.
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by HPLC system, as described above. Hardness of the test
tablet was also checked using a hardness tester (MT50; Sotax,
Aesch, Switzerland), which can be lowered by the moisture
uptake. The dissolution test in water was also performed for
the test tablets.

Bioequivalence study

Subjects

The bioequivalence study was conducted at Yangji Hospital
(Seoul, Republic of Korea) with 19—46 aged healthy Korean
male volunteers. All subjects were determined to be in good
health based on medical history, physical examination,
and hematological examination. Subjects were excluded if
they had hypersensitivity to any ingredient in the choline
alfoscerate tablets, took other drugs that could interfere with
the study results within 10 days before the trial, and had
taken alcohol or medications that induce or inhibit drug-
metabolizing enzymes (eg, barbitals) within 1 month before
the study. All subjects signed a written informed consent after
being explained the purpose, the methods, and the adverse
drug reactions of this study in accordance with the EMA
guideline.’ Subjects were monitored by hospital staff during
the study period using interview, vital sign measurement,
adverse event recording, and physical examination.

Study design

This study was performed under fasted conditions with a
randomized, single-dose, two-period crossover design.’ All
subjects received a single dose of choline alfoscerate in the
form of test tablet and reference soft capsule, with 7 days of
washout period between treatments. The study protocol was
approved by the Yangji Hospital institutional review board,
and followed the principles of the Declaration of Helsinki.'*
Subjects were hospitalized for 5 days before the study, and
exercise, meal, smoking, and consumption of grapefruit juice
were restricted from 10 hours before the beginning of the trial
to the end of blood collection. During the trial, consumption
of food and drink, except water, was controlled and choline-
free meals were provided.

Subjects were fasted for 10 hours before and 4 hours after
drug administration to exclude the effects of diet. Two groups
were treated with 1,200 mg (choline alfoscerate 400 mg X
three doses) of the reference capsule or the test tablet orally
with 150 mL of water at 8 am. Subjects were not allowed to
drink water for 1 hour before and after drug administration.
Choline-restricted standard meals were provided for lunch
and dinner at 4 and 10 hours after dosing. After the Period I
blood collection, subjects returned home and were advised

to avoid excessive drinking, taking drugs, and drinking
grapefruit juice and to prohibit excessive intake of choline-
containing foods (eg, eggs, beans). After 7 days for washout
period, all subjects were called up to hospitalize for 5 days
before the study and the drug was administered in the same
manner as in the Period 1.

A total of 24 blood samples were collected at prede-
termined time points (0, 0.5, 0.75, 1, 1.33, 1.67, 2, 3, 4, 6,
8, and 12 hours) on the day before drug dosing and on the
day of drug administration. Before collecting each blood
sample, 1 mL of blood was drawn and discarded to com-
pletely remove any remaining saline in the catheter. Aliquot
(8 mL) of blood was collected into vacutainer with sodium
heparin, and then 1 mL of heparinized normal saline was
injected into the catheter to prevent blood clotting. Blood
samples were centrifuged at 3,000 rpm for 10 minutes. The
plasma was transferred to Eppendorf tube and stored at —70°C
until analysis.

Determination of plasma choline concentrations
Choline concentration in each plasma sample was determined
by a validated LC-MS/MS assay for choline."” The plasma
samples were placed at room temperature to thaw. Aliquot
(1 mL) of metformin (20 ng/mL in methanol) was added as
internal standard (IS) to 50 UL of plasma. Each sample was
vortexed and centrifuged at 12,000 rpm for 5 minutes. The
supernatant (2 uL) of the mixture was taken and chromati-
cally analyzed using Shiseido Nanospace SI-2 (Osaka Soda,
Osaka, Japan) with a Luna 3 um HILIC (3 um, 2.0 mm ID X
150 mm L; Phenomenex, Torrance, CA, USA). The mobile
phase consisted of | mM ammonium formate and acetoni-
trile (45:55, v/v). The flow rate was 0.3 mL/min. Column
and sample tray temperatures were set at 45°C and 4°C,
respectively. Detection and quantification were performed
using Triple Quadruple Mass Spectrometer System, API
4000 (AB SCIEX, Framingham, MA, USA) in positive ion
electrospray ionization with multiple reaction monitoring
mode. The m/z value of the precursor to product for choline
and IS were 104.2 — 60.1 and 113.3 — 69.1, respectively.
The LC-MS/MS system was controlled by using Analyst
software (version 1.4; AB SCIEX), and the results were
processed by using Microsoft Office Excel 2007 (Microsoft
Corp., Redmond, WA, USA). The validation of this chro-
matographic analytical method was performed in order to
evaluate its specificity, linearity, precision, accuracy, and
stability in solution. The calibration curve from the standard
choline samples was constructed based on the peak area
measurement, which was linear in 0.05-10 pg/mL range.
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Pharmacokinetic and statistical analysis
The concentration of choline in the plasma before and after
drug administration was calculated with the peak area ratio
of choline to the IS, metformin. The choline concentration
after drug absorption at each time point was calculated by
subtracting the endogenous choline level at the same blood
collection point of each subject before the drug administra-
tion. When a negative value was obtained after correction,
it was considered as zero.'¢

The pharmacokinetic parameters of choline were deter-
mined for both test tablet and reference soft capsule using
a noncompartmental model with BA Calc 2007 program
(version 1.0.0; MFDS, Seoul, Republic of Korea).!” The C
and T were determined from the experimental data. The

max

elimination rate constant (k ) was calculated from the least-
squares regression slope of the terminal plasma concentra-
tion, and then the half-life was calculated as 0.693/k . The
calculated choline plasma concentrations were used to obtain
the AUC_ . The area under the plasma concentration—time
curve from time 0 to 12 hours (AUC_ ,
the linear trapezoidal method." AUC_ _ was calculated as
AUCO—IZ
last time point (12 hours). Comparative bioavailability was

) was calculated by
+C,/k , where C , is the choline concentration at the

measured by 90% CIs of the geometric mean ratios of test
to reference which were determined using log-transformed
data of AUC_, and C__ . All statistical calculations were
performed using K-BE Test 2007 program (version 1.1.0;
MEFDS) for bioequivalence analysis recommended by the
MFDS." The regulatory range of 90% Cls of geometric mean
ratios for bioequivalence is 80.00%—125.00%.°

Results and discussion
Selection of excipients for core tablet

formulation

Table 1 summarizes the list of excipients tested for the for-
mulation of choline alfoscerate tablets and the weight gain
(%) due to moisture uptake when each mixture was left in
80% RH condition for 1 day. Choline alfoscerate powder had
good flowability, but was highly hygroscopic and was prone
to become sticky under exposure to air. This would cause
sticking and picking by adhering to the surface of a tablet-
punch face during tablet manufacturing process. When each
excipient was mixed with choline alfoscerate, the amount
of moisture uptake decreased because the surface area of
drug exposed to air decreased. Based on the moisture uptake
measurement, the excipients with low moisture uptake were
selected which are marked in Table 1. It was notable that
magnesium aluminometasilicate showed the lowest moisture

uptake among the excipients tested. It is known to have an
ultrafine particle size of 15 nm and a high porosity.’ The
large surface area of magnesium aluminometasilicate was
expected to improve the stability of the drug against moisture
by surrounding it in a small amount, thereby minimizing the
retardation effect on the dissolution rate.

Preparation and evaluation of core tablet
As shown in Table 2, the average weight of core tablets was
in the range of 530-780 mg depending on the compositions
and the hardness of the tablets was maintained in the range
of 18-20 kp. The effect of magnesium aluminometasilicate
at various contents and in/out ratios of granules were evalu-
ated in terms of the tablet processing problems (Table 2).
F1 composition containing 5% magnesium aluminometa-
silicate showed sticking and picking phenomenon during
tableting process due to the insufficient amounts of magne-
sium aluminometasilicate. Although higher content (30%)
of magnesium aluminometasilicate (F4) did not cause the
tablet processing problem, the disintegration of tablet was
retarded up to 19 minutes. Since the disintegration time of
the reference soft capsule was 10 minutes, 15% magnesium
aluminometasilicate was selected, and was added in and
out of granules at various ratios (F5-F8). When magnesium
aluminometasilicate was added only in the granules (F5),
sticking and picking were observed during the tableting
process and weight gain by moisture uptake was relatively
high. Moreover, when magnesium aluminometasilicate was
added only out of the granules (F8), filling of final mixture
into the punch was not smooth enough. Thus, F7 composition
was selected for film coating as the disintegration time was
<10 minutes without tablet processing problem and moisture
uptake was the lowest.

Evaluation of film-coated core tablet
Appearance stability of film-coated tablet

Figure 2 shows the time point when the appearance of tablet
began to change due to the uptake of moisture at various
RH conditions. When the tablets began to uptake moisture,
the film coating layer was broken by the swelling of core or
water droplets were formed on the surface of tablets. It is
noteworthy that the film-coated tablet of F7 maintained the
appearance for up to 30 days in 60% RH condition.

In vitro dissolution test of film-coated tablets

Figure 3 shows the dissolution profiles of choline alfoscer-
ate (400 mg) from the film-coated test tablet and the refer-
ence soft capsules in distilled water. It was notable that the
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Figure 2 Time point when the appearance of tablet changes under various RH
conditions.
Abbreviation: RH, relative humidity.

dissolution rate of choline alfoscerate from the test tablet
was higher than that from the reference soft capsule for
10 minutes. It was probably due to the slower disintegration
of gelatin shell than that of the tablet, and also indicated that
magnesium aluminometasilicate in tablet formulation did not
affect the dissolution of choline alfoscerate. Moreover, the
average dissolution rate of both test and reference reached
not less than 85% within 15 minutes, which satisfied the
EMA guidelines.’

Stability test in the accelerated condition

The stability of the film-coated test tablet and the reference
soft capsule stored under the accelerated condition for
3 months is summarized in Table 3. There was no change
in appearance, disintegration time, content, and harness
of the test tablet during the storage period. Moreover, the
dissolution profiles of choline alfoscerate in water were
within the acceptance level of similarity with the initial
profile for 3 months (Figure 4). Based on the results of

100 - —
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S 60 1
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o 401
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(=) 20 | —-O— Test tablet
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Figure 3 In vitro dissolution profiles of choline alfoscerate (400 mg) from the film-
coated test tablet and the reference soft capsules (Gliatilin®) in distilled water (n=6).

Min et al
100 -
&\i 80 -
c
.0 60 1
e
=2
O 40 4
@ o~ Initial
a o -@- 1 month
-~ 3 months
0k T r \
0 10 20 30

Time (minutes)

Figure 4 Dissolution profiles of choline alfoscerate from the film-coated test tablets
stored in the accelerated condition (40°C/75% RH) for 3 months.
Abbreviation: RH, relative humidity.

the stability studies under the accelerated condition, it was
concluded that the hygroscopicity of choline alfoscerate was
effectively controlled in the film-coated tablet, and hence,
the bioequivalence of the tablet and the soft capsule was
tested in human.

Bioequivalence study

Subjects

Fifty healthy Korean male volunteers aged 19-46 years
(mean = SD: 27.7£6.5), with a height of 158-188 cm
(mean + SD: 173.316.6) and a weight of 55-96 kg (mean *
SD: 69.448.3), were enrolled in this study. All the subjects
completed the study in Period 1, but two subjects withdrew
from the study during Period 2. One subject withdrew
because of acute upper respiratory tract infections, and
the other subject withdrew because of a bruised leg. Thus,
48 subjects completed the study and were included in the
pharmacokinetic analysis.

Pharmacokinetic analysis

Figure 5 shows the mean plasma concentration profiles of
choline before and after the administration of test tablet and
reference soft capsule. The corrected plasma concentration—
time curve after subtracting the endogenous choline level is
shown in Figure 6, which suggests that test tablet had a similar
bioavailability to the reference soft capsule. The major mean
pharmacokinetic parameters such as AUC ,C_ ,and T
for the two preparations are summarized in Table 4. The mean
AUC, _ of'the test tablet was 3.428+2.170 ug-h/mL and was
not significantly different from that of the reference soft cap-
sule (3.305+1.803 pug-h/mL). The mean C__ of the test tablet
(0.365+0.158 pg/mL) was also not significantly different
from that of the reference soft capsule (0.38020.108 pg/mL).
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Figure 5 Baseline-uncorrected mean plasma concentration—time curve of choline (A) after oral administration of test tablet or reference soft capsule at the dose of choline

alfoscerate 1,200 mg and (B) before drug administration.
Note: Vertical bars represent SD (n=48).

The mean T__ of the test tablet and reference soft capsule
was 3.5142.57 and 3.85%3.19 hours, respectively, and was
not significantly different, although the initial dissolution
rate of choline alfoscerate from the reference soft capsule
was slightly slower than that from the test tablet (Figure 3).

Statistical analysis and bioequivalence evaluation
Statistical results of the bioequivalence evaluation of the
two formulations of choline alfoscerate 400 mg in healthy
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Figure 6 Baseline-corrected mean plasma concentration—time curve of choline
after oral administration of test tablet or reference soft capsule (Gliatilin®) at the
dose of choline alfoscerate 1,200 mg.

Notes: The choline concentration after drug administration at each time point was
calculated by subtracting the endogenous choline level at the same blood collection
point of each subject before the drug administration. Vertical bars represent
SD (n=48).

Korean male volunteers are summarized in Table 5.
The calculated 90% Cls of geometric mean ratios of test to
reference for AUC  and C  _ were 84.51%-111.98% and
83.31%—104.10%, respectively, and satisfied the accepted
bioequivalence criteria of 80.00%—125.00%. Moreover,
AUC  and C_  of the test tablet and the reference soft
capsule were not significantly different.

Tolerability

Tolerability was assessed by vital sign, adverse event, and
physical examination; no adverse events were reported
during this study. Two subjects were excluded from the
trial because of an acute upper respiratory tract infection
(runny nose, cough) and a bruised leg with external impact
during washout period but later fully recovered. These
findings were considered to have a little causal relationship
with the drug.

Table 4 Pharmacokinetic parameters of choline after single oral
administration of choline alfoscerate 1,200 mg (n=48)

Parameter® Test Reference
AUC__ (ug-h/mL) 2.01+0.77 2.00+0.84
AUC___ (ug-h/mL) 3.43£2.17 3.31£1.80
C, .. (ug/mL) 0.3740.16 0.3840.1 |
T .. (hours) 3.51£2.57 3.85£3.19
t,, (hours) 6.8216.80 5.25+3.80

Note: *Values are expressed as mean * SD.
Abbreviation: t, , half-life.
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Table 5 Statistical results of bioequivalence evaluation of test and reference formulation of choline alfoscerate 400 mg in healthy

Korean male volunteers

Parameter Geometric mean? 90% Cls 1-
Test Reference TI/R ratio
(n=48) (n=48)
AUC, | (ug-h/mL) 1.80 1.85 0.97 84.51%—111.98% >0.9
C, .. (ug/mlL) 0.34 0.36 0.93 83.31%—104.10% >0.9

Note: *Values are log-transformed.
Abbreviation: T/R, test/reference.

Conclusion

The hygroscopicity of choline alfoscerate was successfully
controlled by using magnesium aluminometasilicate in the
preparation of a film-coated tablet. In the bioequivalence
study in healthy Korean male volunteers, no significant dif-
ferences in pharmacokinetic parameters were found between
the test tablet and the reference soft capsule as 90% ClIs
for AUC  and C
criteria. These results indicated that the new tablet formula-

were within the regulatory acceptance

max

tion can be prescribed as an alternative to choline alfoscerate
soft capsule.

Abbreviations
AUC, ,
from time 0 to the last measurement; AUC, _, area under the

area under the plasma concentration—time curve

plasma concentration—time curve from time 0 to infinity; C__,
maximum plasma concentration; EMA, European Medicines
Agency; LC-MS/MS, liquid chromatography—tandem mass
spectrometry; MFDS, Ministry of Food and Drug Safety;

T _, time to reach Cma

max’ X"
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