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Methylphenidate bioavailability

Ab stract. Ob jec tive: To as sess bioequiv -
a lence be tween an in tact cap sule and the con -
tent of a cap sule sprin kled on applesauce.
Ma te ri als: Medikinet re tard 20 mg cap sules
were ob tained from Medice (Iserlohn, Ger -
many). Meth ods: This was a sin gle-cen ter,
com pletely ran dom ized, open, 2-pe riod, 2-
 se quence, bal anced cross over study with a
wash out pe riod of 1 week be tween ad min is -
tra tions, in 12 healthy male and fe male sub -
jects, aged 18 – 45 years. Blood sam ples were
col lected over 24 hours and methylphenidate
plasma con cen tra tion-time data were used to
cal cu late pharmacokinetic pa ram e ters for
both ad min is tra tions. The main pa ram e ters
were (con fir ma tory) AUC0-tz (ex tent of BA),
Cmax, tmax (rate of BA) and (de scrip tively)
AUC0-¥ and t1/2. Equiv a lence was con cluded
if the 90% con fi dence in ter val (CI) for the ra -
tio be tween test and ref er ence was 0.80 – 1.25 
(AUC0-tz). Re sults: All 12 dosed sub jects fin -
ished both treat ment pe ri ods and were in -
cluded in pharmacokinetic and safety anal y -
ses. 90% geo met ric con fi dence in ter vals for
AUC0-tz and Cmax data were well within ac -
cepted bioequivalence lim its. The study has
shown that both treat ment modes lead to sim i -
lar pat tern of ab sorp tion and elim i na tion fol -
low ing sin gle-dose ad min is tra tion in the fed
state. The test treat ment (con tent of cap sule
sprin kled over 15 ml applesauce) is bioequiv -
alent to the ref er ence treat ment (in tact cap -
sule) in terms of ex tent and rate of ab sorp tion.
Con clu sion: Data col lected from this study
dem on strate that Medikinet re tard cap sules
can be opened and the con tent sprin kled on a
ta ble spoon of applesauce with out in flu enc ing 
the rate and ex tent of bioavailability.

Introduction

Medikinet re tard 10 mg and 20 mg cap -

sules have been ap proved for mar ket ing in

Ger many and will be avail able in other coun -

tries soon. Medikinet re tard, an extended-

 release for mu la tion of Medikinet, is in di cated 

for the treat ment of at ten tion def i cit hy per ac -

tiv ity disorder (ADHD).

Stim u lant med i ca tions re main the first-

 line ADHD ther a pies and pro vide ro bust im -

prove ment in ADHD symp toms in both mi -

nors and adults [MTA Co op er a tive Group

2004, Tay lor et al. 2004]. Methylphenidate

(MPH), the ac tive in gre di ent of Medikinet re -

tard, is the lead ing stim u lant for the treat ment

of ADHD, with years of proven efficacy and

safety.

The con ven tional for mu la tion of methyl -

phenidate is short-act ing and must be given at

least twice a day. This of ten means that chil -

dren with ADHD have to re ceive ad di tional

doses. The need to ad min is ter mul ti ple doses

to chil dren at school through out the day may

be come prob lem atic with re gard to com pli -

ance, se cu rity and pri vacy is sues, and is a

good rea son to switch to an ex tended-re lease

for mu la tion for chil dren with ADHD who re -

spond to methylphenidate [NIH 2000].

Cur rent pre scrib ing prac tices, there fore,

fa vor ex tended-re lease prep a ra tions due to

in creased con ve nience, com pli ance and toler -

ability with once-daily dosing.

Medikinet re tard com bines the advan -

tages of both im me di ate-re lease (IR) and ex -

tended-re lease (ER) for mu la tions of MPH,

i.e. rapid on set and pro longed du ra tion of ac -

tion, in a sin gle dose in tended for once-daily

ad min is tra tion [Döpfner et al. 2004].

This was ac com plished by de vel op ing a

for mu la tion con tain ing both IR and ER beads

such that 50% of the dose is pro vided by the

IR com po nent and 50% of the dose is pro vided 
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by the ER com po nent. The 10 mg and 20 mg

cap sules uti lize the same for mu la tion and ra tio

of im me di ate- and ex tended-re lease beads.

The principle of re lease ex ten sion of Me -

dikinet re tard is an en teric coat ing of the ER

beads, the cap sule it self is not re spon si ble for

the ex tended re lease [Döpfner et al. 2003].

Since many chil dren are not able or do not

like to swal low in tact cap sules [EMEA 2005], 

it would be ad van ta geous for com pli ance if

the con tent could be sprin kled on applesauce

and ad min is tered with out the cap sule cover.

The pres ent study was con ducted to dem -

on strate bioequivalence (lack of food in ter ac -

tion) of methylphenidate hy dro chlo ride af ter

ad min is tra tion of the con tent of a 20 mg cap -

sule sprin kled on applesauce com pared to the

in tact cap sule af ter sin gle-dose oral ad min is -

tra tion of 20 mg methylphenidate hy dro chlo -

ride in the fed state in female and male vo -

lunteers.

Materials and methods

Materials

Medikinet re tard 20 mg cap sules were ob -

tained from Medice (Iserlohn, Ger many).

Medikinet re tard 10 mg and 20 mg cap sules

are ex pected to be mar keted in other coun tries 

as Medikinet XL.

Subjects and study design

The clin i cal part of this study was con -

ducted at IKP Bobenheim, Prof. Dr. Lücker

GmbH (Mannheim, Ger many), and bioana ly -

sis was per formed at Uni ver sity Childrens

Hos pi tal, BPA (Graz, Aus tria). The biostatis -

tical eval u a tion was car ried out by BEBAC

(Vi enna, Aus tria). The study was spon sored

by Medice (Iserlohn, Germany).

A sam ple size of 12 vol un teers was cho -

sen ac cord ing to pub lished stud ies and pre vi -

ous ex pe ri ence of the spon sor with Medikinet 

re tard. This sam ple size was ex pected to be

suf fi cient to dem on strate bioequivalence with

statistical power of at least 80%.

Study pro to col and sub ject in formed con -

sent forms were ap proved by the Eth ics Com -

mit tee of the Landesärztekammer Baden-

 Württemberg and the Ger man reg u la tory au -

thor ity (BfArM) prior to in clu sion of any

sub ject into the study. The 12 sub jects en -

rolled were healthy Cau ca sian men and

women, from 18 – 45 years, and with a body

mass in dex from 18 – 29 kg/m2.

All sub jects were in gen eral good phys i cal 

health de ter mined by med i cal his tory, phys i -

cal ex am i na tion (in clud ing a 12-lead elec -

trocardiogram at screen ing), vi tal signs and

clinical lab o ra tory tests (he ma tol ogy, blood

chem istries, uri nal y sis, HIV and HbsAg an ti -

body screen, se rum at screen ing and urine at

each treat ment pe riod, preg nancy tests and a

screen for al co hol and drugs of abuse). Sub -

jects must have been free of any MPH for 30

days prior to dos ing and through out the study, 

must have agreed to ab stain from al co hol-

and caf feine-con tain ing bev er ages and food

 during the study, and had to be non- or only

mo derate smokers.

Af ter a fast ing pe riod of at least 10 hours,

the sub jects con sumed a stan dard ized break -

fast (ap prox i mately at 8:00 a.m.). A sin gle

dose of 20 mg oral MPH hy dro chlo ride was

ad min is tered 5 min utes af ter end of break fast

as fol lows:

– Treat ment b1: cap sule con tents sprin kled

over 1 ta ble spoon (15 ml) applesauce, in -

take to gether with 150 ml wa ter (test).

– Treat ment b2: in tact cap sule ad min is tered 

to gether with 150 ml wa ter (ref er ence).

The wash out pe riod be tween each ad min -

is tra tion was at least 6 days. The to tal dose for

this study was 40 mg MPH hy dro chlo ride and 

both treat ments were swal lowed unchewed.

A sin gle oral dose of 20 mg MPH hy dro chlo -

ride is within to the usual rec om mended ther -

a peu ti cal daily dose range for treat ment of

attention def i cit hy per ac tiv ity dis or der in

chil dren [Medice 2005].

An ad min is tra tion of the in ves ti ga tional

me dic i nal prod uct af ter a nor mal break fast is

rec om mended, as ad min is tra tion af ter a meal

en sures that the med i ca tion re mains suf fi -

ciently long enough in the stom ach. Gas tro in -

tes ti nal dis tur bances are al le vi ated, and the

anorectic ef fect of methylphenidate is di min -

ished. Fur ther more, in the daily rou tine of a

busy house hold with chil dren, the ap pli ca tion 

af ter break fast is con sid ered to be easier to

remember [Midha et al. 2001].
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On study Day 1 of treat ment b1 and b2 (20 

mg MPH hy dro chlo ride) a stan dard ized

break fast suit able for chil dren was given, as

close as pos si ble to 8:00 a.m., con sist ing of:

– 100 g whole-wheat gra nola with nuts

(Nestlé),

– 150 ml full-cream milk (3.5% fat),

– 250 ml ap ple juice.

Sub jects con sumed the meal within 20

min utes af ter start. Treat ments were ad min is -

tered within 5 min utes af ter end of this break -

fast. 6 hours af ter ad min is tra tion, a stan dard -

ized lunch was served and, 12 hours af ter

ad min is tra tion, a standardized dinner.

From 1 hour be fore un til 1 hour af ter ad -

min is tra tion, no in take of flu ids ex cept those

to gether with break fast and for ad min is tra -

tion were al lowed. The con sump tion of xan -

thine-containing or al co holic food and bev er -

ages as well as grape fruit juice was pro hib ited 

start ing 24 hours prior to dosing until dis -

charge.

No fur ther di etary re stric tions were given.

The study per for mance was not blinded.

The re spon si ble staff of the bioanalytical site

was blinded for treat ment.

Dur ing the study, con com i tant medica -

tion/ther apy was gen er ally not al lowed. A

sym ptomatic treat ment of ad verse events (e.g.

treatment of head ache by 500 mg para ce ta -

mol = 100% rec om mended daily al low ance)

was al lowed by the dis cre tion of the in ves ti -

ga tor. Women tak ing hor monal con tra cep -

tives should have con tin ued in take.

Start ing on study Day 1 of the re spec tive

pe riod, blood sam ples were taken for bio -

analysis of methylphenidate plasma con cen -

tra tions at the fol low ing time points: predose

and 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 9, 12,

16 and 24 hours af ter ad min is tra tion; per sub -

ject, the to tal num ber of sam ples per pe riod

was 16. Per sam ple, 10 ml of blood were col -

lected in poly propy lene tubes, sta bi lized with

ci trate and cooled im me di ately af ter col lec -

tion. The sam ples were cen tri fuged within

45 min utes at about 4 °C at 1,500 ´ g for 15

minutes. The plasma was then trans ferred into

2 poly propy lene tubes and stored be low

–20 °C un til trans port to the bioanalytical lab -

o ra tory. Sam ple col lec tion and trans fer pro -

cesses were mon i tored by a barcode sys tem.

The sam ples were shipped tem per a ture-con -

trolled to Uni ver sity Childrens Hos pi tal, Di -

vi sion of Bio chem i cal Anal y sis and Mass

Spec trom e try, Graz, Aus tria, where bio -

analysis were per formed. The to tal blood loss

for pharma co kinetic mea sure ments was 320

ml.

For anal y sis of MPH (free base) in plas -

ma, a val i dated gas chro ma tog ra phy/mass

spec trometry method with [18O2] MPH sta ble

iso tope in ter nal stan dard iza tion was used

[Leis et al. 2000]. The sam ple prep a ra tion

included a liq uid-liq uid ex trac tion step and

sub se quent derivatization with HFBA (hepta -

fluorobutyric an hy dride). The mass spec tro -

meter was op er ated in NICI (neg a tive ion

chem i cal ion iza tion) mode using single ion

monitoring.

The lower limit of quan ti fi ca tion (LLOQ)

was 0.072 ng/ml, lin ear range of the method

was 0.072 – 18.25 ng/ml. Inter-day pre ci sion

of the method (cal cu lated from low/in ter me -

di ate/high qual ity con trol sam ples on 5 con -

sec u tive days) was < 4.4% with a max i mum

in ac cu racy of 6.5%. Inter-day pre ci sion at the

LLOQ is 6.3%. All an a lyt i cal data were sub -

jected to a blinded plau si bil ity re view prior to

statistical analysis.

Pharmacokinetic analysis

The max i mum plasma con cen tra tion (Cmax) 

and time to Cmax (tmax) were de ter mined di -

rectly from plasma con cen tra tion-time data.

At time points in the lag-time be tween time

zero and the first con cen tra tion equal or

above the lower limit quan ti fi ca tion (LLOQ),

con cen tra tions be low LLOQ were cal cu lated

as zero. Trail ing con cen tra tions be low LLOQ

were not to be used in cal cu la tions. Pharma -

cokinetic pa ram e ters were cal cu lated by

noncompartmental anal y sis from ac tual time

points (if de vi at ing from sched uled ones).

The AUC0-tz was cal cu lated ac cord ing to the

lin ear trap e zoidal rule from the time of ad -

min is tra tion to the time point of the last quan -

ti fi able con cen tra tion. The ap par ent ter mi nal

elim i na tion rate con stant lz was es ti mated

by semilogarithmic re gres sion of concentra -

tion- time data. Only data points that de scribed

the ter mi nal de cline were used in re gres sion,

and a min i mum of three data points was used.

Estimates of t1/2 were cal cu lated as ln(2)/lz

for each sub ject in each treat ment. The es ti -

mated last con cen tra tion $Cz was used in ex -
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trap o lat ing AUC to in fi nite time (AUC0-¥) as:

AUC0-¥ = AUC0-tz+ $Cz/lz.

Statistical analysis

All mea sured vari ables and de rived phar -

ma cokinetic pa ram e ters were listed in di vid u -

ally and, if ap pro pri ate, tab u lated by de scrip -

tive statistics.

For de scrip tive sta tis tics, sum mary ta bles

were pro vided giv ing sam ple size, ab so lute

and rel a tive fre quency of cat e gor i cal vari -

ables and sam ple size, arith me tic mean, stan -

dard de vi a tion, co ef fi cient of vari a tion (if ap -

pro pri ate), me dian, min i mum and maximum

of continuous variables.

For de scrip tive sta tis tics of pharmaco -

kinetic pa ram e ters and con cen tra tions, ad di -

tion ally geo met ric mean, geo met ric stan dard

de vi a tion (SD) were given. The har monic

mean was given for t1/2. Com par a tive sta tis -

tics were cal cu lated us ing EquivTest soft ware 

(ver sion 2.0, Sta tis ti cal So lu tions Inc.,

Crosse’s Green, Cork, Ireland).

The ln-trans formed val ues of the pri mary

pharmacokinetic char ac ter is tics AUC0-tz,

AUC0 -¥ and Cmax were sub jected to an anal y -

sis of vari ance (ANOVA). The ef fects con sid -

ered in the ANOVA model were: treat ment,

se quence, sub jects within se quence and study 

pe riod. The er ror vari ance of the model had to

be taken as test vari ance for all ef fects ex cept

the se quence ef fect. The lat ter had to be tested 

us ing the vari ance “sub ject-within se quence”

as an er ror term.

For AUC0-tz, AUC0-¥ and Cmax, the para -

met ric point es ti mates for the treat ment ra tios

test/ref er ence and 90% con fi dence in ter vals

were cal cu lated us ing the ad justed means

(least squares means) from the ANOVA of

ln-trans formed data with sub se quent ex po -

nen tial trans for ma tion. Point es ti mates and

90% con fi dence intervals were given in %.

The test treat ment was con sid ered bio -

equiv alent to the ref er ence treat ment if the

90% CI for the AUC0-tz treat ment ra tio lies

within a range of 80 – 125%. The ac cep tance

range for Cmax was set to 75 – 133% [Blume et

al. 2005]. The ex tended ac cep tance range for

Cmax ap peared clin i cally ac cept able due to the 

ther a peu tic win dow and previous stud ies on

Medikinet re tard.

Dif fer ences in tmax were eval u ated by a

non parametric method [Hauschke et al. 1990].

Safety parameters

A med i cal his tory was taken from each

sub ject at screen ing and a phys i cal ex am i na -

tion was per formed at screen ing and at fi nal

check. Vi tal signs, clin i cal chem is try, he ma -

tol ogy, co ag u la tion and uri nal y sis were per -

formed at screen ing and at fi nal check. A 12-

 lead ECG, drug screen, vi rus an ti body test and 

a preg nancy test in fe males was per formed at

screen ing. Ad verse events, if pres ent, were

coded based on MedDRA. All sub jects were

included in the safety analysis.

Results

Subjects

12 healthy vol un teers (8 fe male and 4

 ma le) were in cluded in the study.

All of them were dosed, and fin ished both

study pe ri ods of the study. Sub jects aged

35 ± 8 years (20 – 44) with a body weight of

71 ± 13 kg (52 – 92), a body height of 173 ± 11 

cm (160 – 195), a body mass in dex of 24 ± 2

kg/m2 (20 – 27), and a low al co hol con sump -

tion of £ 35 g/d. 7 (58%) of them were non-

 smokers and 5 (42%) mod er ate smok ers (£ 10 

cig a rettes/day).

Pharmacokinetics

Com par a tive plasma con cen tra tion-time

pro files for methylphenidate fol low ing a sin -

gle oral dose of Medikinet re tard 20 mg are

pre sented in Fig ures 1 and 2. The data in di -

cate that plasma MPH con cen tra tion over the

24-hour sam pling in ter val were sim i lar for

the 2 treat ments. Both treat ments ex hib ited

the ex pected biphasic char ac ter is tics for most

sub jects; the first peak oc cur ring ap prox i -

mately at 2 hours and the sec ond one around

6 hours af ter ad min is tra tion. Re view of in di -

vid ual plots re veal that the trough be tween the 

2 plasma peaks is less pro nounced af ter the

test treat ment.

Re sid ual ar eas < 7% were seen in all

cases, thus, sam pling was car ried out long
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enough to get re li able es ti mates of AUC0-¥.

LOQ was suf fi ciently low, since the last ob -

served con cen tra tion was 4.5% of the peak

plasma con cen tra tion for the test (me dian,

range 2.2 – 9.4%), and 4.1% (2.4 – 7.6%) for

the reference.

A sum mary of MPH pharmacokinetic pa -

ram e ters and anal y sis for bioequivalence is

pro vided in Ta ble 1.

Bioequivalence con firmed with the in clu -

sion of the 90% con fi dence in ter val for

AUC0-tz, AUC0-¥ and Cmax within 80 – 125%;

tmax showed a neglectible dif fer ence of –0.02

hours.

The intersubject vari abil ity in pharma -

cokinetic pa ram e ters was 19.1% for AUC0-tz,

14.8% for Cmax and 18.8% for AUC0-¥. The

intrasubject co ef fi cient of vari a tion was 7.00% 

for AUC0-tz, 8.89% for Cmax and 6.73% for

AUC0-¥.

Elim i na tion half-lives were al most iden ti -

cal af ter both treat ments (test: 2.73 h, ref er -

ence 2.77 h).

Safety

Both treat ments, the opened cap sule and

the in tact cap sule were well tol er ated in the

study. There were no changes in phys i cal ex -

am i na tion find ings in any sub ject be tween

screen ing and fi nal check. In sum mary, 7 sub -

jects re ported ad verse events dur ing the study 

(9 with the test treat ment and 6 with the ref er -

ence). The ad verse events in cluded head ache

(test: n = 4, ref er ence: n = 4) and head pres -

sure (test: n = 1, ref er ence: n = 1). Diz zi ness,

nau sea, sen si tiv ity to light and tired ness were

re ported in the test group only (each n = 1)

and ab dom i nal pain in the reference group

only (n = 1).

None of the ad verse events was se ri ous,

and no sig nif i cant ad verse events oc curred.

All ad verse events were re solved at the end of

the study with out any ac tion be ing taken and

with out sequelae.

Discussion and conclusions

Sin gle oral doses of 20 mg methyl pheni -

date hy dro chlo ride were safe and well tol er -

ated in healthy fe male and male sub jects.

Adverse events ob served, mainly ner vous
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Fig ure 1. Arith me tic mean MPH concentration-

 time pro files in 12 healthy male and fe male sub jects

af ter sin gle-dose ad min is tra tion of Medikinet re tard

20 mg, con tent of cap sule sprinked on 15 ml ap -

plesauce (solid squares) or in tact (open tri an g les).

Fig ure 2. In di vid ual MPH con cen tra tion-time pro -

files in 12 healthy male and fe male sub jects af ter

sin gle-dose ad min is tra tion of Medikinet re tard 20

mg, con tent of cap sule sprinked on 15 ml apple -

sauce (top) or in tact (bot tom).



sys tem dis or ders (head ache), were all mild-

 to- moderate in in ten sity and re solved with out

any ac tion taken. The ad verse event pro file

was con sis tent with the cur rently ap pli ca ble

SmPC (Sum mary of Prod uct Char ac ter is tics)

for Medikinet retard 10 mg/20 mg [Medice

2005].

90% geo met ric con fi dence in ter vals for

AUC0-tz and Cmax data were well within ac -

cepted bioequivalence lim its.

Av er age AUC was 36.0 ng ´ .h. ´ ml–1;

Cmax was 4.58 ng/ml, which is in good agree -

ment with pre vi ous stud ies of the same for -

mu la tion (spon sor’s data on file, where val -

ues of 48.9 ng ́  h ́  ml–1 or 41.9 ng ́  h ́   ml–1

(AUC), and 6.42 ng/ml or 5.29 ng/ml (Cmax)

were re ported.

Es ti mated elim i na tion half-life of 2.75

hours is slightly higher than the pre vi ously 

re ported 2 hours [Pat rick et al. 1987], but is in

good agree ment with sponsor’s pre vi ous

stud ies, where 3.23 hours and 2.67 hours

were found.

Ob served intrasubject vari abil ity was

lo wer than ex pected both for AUC (7.00%)

and Cmax (8.89%).

Be cause of the rel a tive short half-life of

MPH of ap prox i mately 2 hours [Pat rick et al.

1987], a b.i.d. dos ing of an im me di ate-re lease 

prod uct (IR) is usu ally re quired to main tain

ther a peu tic con cen tra tions through out the

nor mal school day. The pharmacokinetics of

methylphenidate from an other MPH prod uct

ad min is tered as a sin gle dose ei ther as in tact

cap sule or sprin kled over applesauce were

not in flu enced in adult volunteers [Pentikis et

al. 2002].

This study has shown that ei ther mode of

ad min is tra tion has al most the same pat tern of

ab sorp tion and elim i na tion fol low ing sin -

gle-dose ad min is tra tion in the fed state.

Medikinet re tard 20 mg lacks food in ter -

ac tion if the con tent is sprin kled on apple -

Fischer, Schütz, Grossmann et al. 140

Ta ble 1. Sum mary of MPH pharmacokinetic pa ram e ters and bioequivalence anal y sis (n = 12).

Pa ram e ter Sum mary “sprin kled” “in tact” PEa 90% CI

sta tis tics

AUC0-tz Geo met ric 36.98 ± 7.71 35.05 ± 6.75 105.5 100.2, 111.1

(ng × h/ml) Mean ± SD

CV% 20.8% 19.2% – –

Me dian 36.57 35.80 – –

Min, Max 27.81, 52.41 27.03, 53.07 – –

Cmax (ng/ml) Geo met ric 4.65 ± 0.91 4.52 ± 0.88 103.0 96.5, 110.0

Mean ± SD

CV% 19.5% 19.6% – –

Me dian 4.82 4.60 – –

Min, Max 3.33, 6.15 3.16, 6.75 – –

tmax (h) Me dian 2.50 2.02 –0.02 –1.49, +0.52

Min, Max 1.50, 6.0 1.00, 6.0 – –

AUC0-¥ Geo met ric 38.23 ± 7.89 36.20 ± 6.71 105.5 100.5, 111.0

(ng × h/ml) Mean ± SD

CV% 20.6% 18.5% – –

Me dian 37.73 37.39 – –

Min, Max 28.84, 53.16 28.28, 53.67 – –

t1/2 (h) Har monic 2.73 ± 0.39 2.77 ± 0.42 – –

Mean ± SD

CV% 14.3% 15.0% – –

Me dian 2.76 2.96 – –

Min, Max 2.22, 3.42 2.14, 3.35 – –

aPoint es ti mates were cal cu lated based on the min i mum vari ance un bi ased es ti ma tor from ANOVA for ra -

tios, and the Hodges- Lehmann es ti ma tor from the nonparametric method for dif fer ences



sauce com pared to the ref er ence treat ment

(in tact cap sule) in terms of ex tent and rate of

ab sorp tion and, thus, may be used inter -

changeably. Es pe cially in chil dren com pli -

ance plays an im por tant role for the ef fi cacy

of a treat ment and com pli ance is im proved re -

mark ably by once a day dos ing at break fast.

In or der to as sist ad min is tra tion, main te nance 

of the galenic prin ci ple of a reg is tered mod i -

fied re lease for mu la tion (fast re lease of half

of the con tent, de layed re lease of the other

half) af ter dis per sion of the content of the cap -

sule on food could be demonstrated.

The op tion to sprin kle the beads on ap -

plesauce will fa cil i tate ther apy of ADHD pa -

tients, who have prob lems in swal lowing tab -

lets or cap sules.
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