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Food and Fasting Absorption of a Single
Dose of a Sustained Release Theophylline
Sprinkle Formulation in Children
S . Pi .ni .Rsp.N a n d G . S r i . t i r . N s t . N
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I h e bioav 'a i labi t i ly a n d a b s o t p i i o n p a l t e i n of lheo | ) l iv l l ine l ion i .1 s ingle dose of a slow

tclfMse l l ieopl iyl l ine s | ) r inkle pi<)(ln{( ( S o m o p h y l h n * ' ) w e r e inves t iga t ed in 10 as t l i tnat i i

< l u ld ren bo th in fas t ing c o n d i t i o n s a n d after a s t a n d a r d i / e d b reak fas t . 1 h e o p h y l l i n e g iven

init avc-tiously was used as a r e f e r e i u e . 'Phe l a s t ing a b s o r p t i o n ot .Soinophyll in was r a t h e r

lasl with peak se iu t i i t h e o p h y l l i n e lev<-ls !i-.̂ ) h ( m e a n !i.7 h) after d o s i n g . !''ood p r o d t K c d

a small but s(alisti( allv s igni fKant r e d u c t i o n in ihe ra le of a b s o r p t i o n ot theophy l l i t i e , so

lh.1i the m e a n t ime to peak scrut i i l l ieopl iyl l ine le\-el was ."i.fi ll (ran.gc- 4 - 8 li} a l t e r tood.

In no ( ase was ihe re any ini])otlat i t d i l t e r e n i c t je tween the absf>rption prot l les on the tesi

d a y s , a n d the b ioava i l ab i t i ty was cot t iplete a l t e r bo th fasled a n d ted i t i take ot tlie p r o d u c t

(92..'i % a n d tO. ' i%, respec:t ively). il is s t tgges ted that to o b t a i n tite optittuitTl a b s o r p t i o n

proHle ( h i l d t c n shou ld lake .Somophyl l in wilh food t.illiei- i han b e l w e e n mea l s .

Kry if'on/\ l,)od; abso i plicm; s i i s i amed release t l i eophyl l ine ; ( l u l d r e n .

Ataflrrl jm /juh/ii iiliiin 2'l Jiinr I<)H5

Many asthmatic children have diffictilty in
swallowing whole tablets and therefore cannot
receive continuous prophylactic treatment with
sustained release theophylline (SRT) tablets.
This is unfortunate because children, due to
long sleep intervals and rapid clearance of
theophylline, eomprise a group of asthmatics in
which SR I pre|)arations are of most value.

Rec:c;ntly, SRI ' fbriiiulations with coated
granules dispensed in capsules have been
developed. These |)reparations can be given by
sprinkling the beads inside the capsule upon
easily ingested food. This is a great advantage
in some c:hildren, but only on c:c)ndition that the
food does not have an unfavourable influence
on the abscjrptic^n characteristics of the prepara-
tion. Earlier studies have shown that the
absorption profiles and bioavailability of vari-
ous SRT formulations may be influenced liy the
intake of food in many, often unpredictable,
ways, whieh may sometimes complicate a safe
effec:tive therapy (1, 2, .•), 6, 7, 9, fO, ff, l.'i).

We performed the present study in children
to investigate the influence of food on bio-
availability and absorption characteristics of
tfieophylline from a single dose of Somophyllin,
a SRT proditct wliicli may be taken after
sprinkling the beaded contents onto soft food.

PA'flFNTS AND MF/HIODS

Nine boys and one girl, with ages ranging from 4
to f2 years (mean 9 yc^ars) were included in the
study. Apart from asthma all were in good
health. Their mean weight was 36 kg (range
18-.'i8 kg). The study was approved by the f'jhi-
cal Gommittee of Northern Jutlaiul and informed
consent was obtained from all |5arents.

All children participated on 3 separate days
with a wash-out period of 24 h between days I
and 2 and of 6 days between days 2 and 3.

On the first day, theophylline (4 mg an-
hydrous/kg) was given intravenously as a bolus
over a 5-min period.
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On study days 2 and 3 the children took
Se)mo]>hyllin at a mean dose of 9.4 mg/kg
(range 8.3-11.1 mg/kg) either in a lasted state
or with a standardized meal. The two treat-
ments were alloeated in an open randomized
creissover lashie)n.

The contents of the S R T capsules were
always sprinkled onto a spoonfuf ol water and
swallowed, taking care not the chew the beads.
Immediately after meefieatioii the ehilelren
drank 100 ml of water. On all occasions the
children fasted from midnight. On the fasting
day they eoiitmued their fast for 4 h after medi-
eation. On the non-fasting day medicatiejii was
taken immediately after the breakfast and no
other drinks or focid were allowed for 4 h after
dosing.

Serum theophylline eoneeiitrations were de-
termined by high i^ressure lK|Uiel chrouialo-
graphy al eiur elepartment e)l rhtiieal elu'inistry.
The blood samples were collected through an
indwelling eatheter in a forearm vein before and
0.3, f, 1.5, 2, 3, 4, 6, 8, 11, and 16 h after the
bolus, and befbre, and 1, 2, 3, 4, 6, 8, 11, 17,
23, and 30 h after Somophyllin. The sera were-
steired at -18°G until assaye-d. The labeirateiry
staff were blind to the experimental design.

The children were asked not (o take |)roduets
containing xanthines for 72 h before and during
the test periods. No other oral medications were
taken, but inhaled thei'apy with cortieosteroids
and beta.-stiiinilants continued tmehaiiged
througheiut the stuely period.

Fhe standardized breakfast consisteel ol a
wc-ighed quantity ol Corn Hakes, rye bread, but-
ter, salami and 180 ml of low fat milk. In all
cases the composition was such that 19-20% of
the calories were made u|) by fats, 68-70% by
carbohydrates anel 12-l!i'>ci \->y ])roteins. 'Fhe'
children received 10.8 to 1.3.0 keal/kg (mean
12.3 kcal/kg).

Pharinacnkinetic analysts

The individual eliiiiinatieiii rate constant (K) for
theophylline was ealculated by determining the
slope of the least-square regre8,sion line from the
log concentration-time curve after i.v. admin-
istration of theeiphylline. Fhe area under the

concentration-time ctirvc (AUG) was calculated
by using the trajiezoidal rule and the area under
the etirve from the last data |)omt to mimity was
extrapolated by dividing the- last serum the-
ophylline concentration by K.

The fraction absorbed at the time of eacfi
meastiremeiit of serum eoneentiatioii was calcu-
lated from the following equation;

G,/K + AUG,
FA = where

AUGoo

FA, is the fraction absorbed at eaeh measure-
ment ol serum concentration, (̂ , is the measure-
ment e)l serum concentratieni at that point in
time, K is the elimination rate constant, AUG,
IS the area under the eoneentration-time eurve
up to each point in time, and AUC^w is the area
uiicfer the concentration-time curve that would
occur ll the total dose was absorbed. For statis-
tical ec.mparisons ol absolute bmavailability
AU(^ was corrected for dose differences be-
tween the intravenous and oral doses assuming
linear kinetics.

Fhe absorption rate constant, K, (hour ') was
estimated using linear regression on the log
(amount unabsorbed) versus time eurve (0-6 h
only).

Statistics

Paired t-test.s and Wilc-oxon Matched-Pairs
Signed-Raiiks 1 ests were used to compare the
results of the twei modes of administration of
Somophyllin. / ' < 0.05 was considered statis-
tically sigiulieant.

Rl'.SUI/FS

All ehilelren completed the study. The serum
levels e)l theophylline alter mgestion of
Somophyllin in the fasted and the fe-d state are
shown in Fig. 1. Fhe individual data for frac-
tion absorbed at various time points and bic:)-
availability are given in Fable 1.

I'\)od i)roduced a small but statistically sig-
nilieaiit reduction lii the rate of absorption of
(heophylline so that in all patients a shift to the
right in the absorption eurve was seen. The
slower absorption was rellected in a signifl-



48 S. PEDERSEN and G. STEFFENSEN

TIME ArTCR MEDICATION

Fig. t. Serum levels of theophylline (mean ± SEM) in 10
asthmatic ehildren taking a single dose of Somophyllin under
lasting eonditions and after breakfast.

cantly lower absorption rate constant with food
(0.21 h ' ± 0.01) than without food (0.29 h ' ±
0.03) {P < 0.01), and in a significant difference
between the two treatments in time to measured
peak concentration - 5.6 ± 0.40 h on the day of
food and 3.7 ± 0.30 h on the day of fast (P <
0.05) respectively.

No major difference was observed between
the absorption profiles on the 2 test days in any
patient. This is illustrated in Fig. 2, which
shows the absorption curves in the two patients
who exhibited the greatest difference between
the two modes of ingestion. The difference
between the 2 days in serum theophylline levels

measured at 4 or 6 h post medication was less
than 2 mg/ml in eight patients at 4 h, and nine
patients at 6 h, respectively. In no case did the
serum concentration on the 2 days vary by
more than 4.0 mg/1 at these times of measure-
ment.

The maximal serum theophylline level (G,,,.,J
was not significantly different after the fed (9.2
± 0 . 6 1 mg/1) and fasting (9.7 ± 0.61 mg/1)
dosing of Somophyllin (mean ± SEM).

The bioavailability was high for both modes
of ingestion of Somophyllin and was unaffected
by whether or not the dose had been taken with
food (105 %) or under fasting conditions (95 %)
(Table 1).

On the day of intravenous theophylline two
children complained of side effects (dizziness
and nausea) during the first hour after admin-
istration. After fasting medication, three chil-
dren complained of headache and abdominal
discomfort 2-4 h post ingestion. No adverse
effects were reported after dosing with food.

DISGUSSION

The study showed, that in children, the bio-
availability of Somophyllin was complete both
with and without food and that the absorption
characteristics of the preparation were not influ-
enced to any clinically important degree by the

Table I

Fraetion absorbc;d at various time points, and bioavailability of Somophyllin taken Ijy 10 a.sthrriatic ehildren tinder fasting
e:ondition.s and alter a solid rneal

Subject
No.

i

2
3
4
5
6
7
8
9

10

Mean

Fraction

at 2 1

Fasting

44.4
40.5

."53.6
35.9

45.6
53.9
36.0

.•i7.8
31.6

26.6

40.6
P <

absorbed
l ( % )

Food

36.3
33.0
22.7
16.0
26.3
t4.6
2t.9
18.4
22.8
11.8

22.4
O.t)Ol

Fraetion
at 4

Fasting

72.6
64.1
7t.l
54.7
82.1
69.7
73.0
80.2
69.8
47.2

68.4
P <

absorbed
h (%)

Food

53.6
62.8
43.4
39.0
66.1
48.2
49.5
51.9
65.7
.35.2

51.5

0.001

Fraction
at 6 1

Fasting

78.2
74.3
80.1
65.1
89.1
79.7
86.5
94.0
79.5
70.2

79.7
P <

absorbed
i ( % )

Food

75.5
75.8
62.2
63.9
77.0
68.5
69.0
70.9
77.0
50.8

69.1
0.01

Bioavailability

Fasting

112.8
119.6
90.9
95.5
82.4

108.t
80.6
84.7
81.8
95.9

95.2
NS

(%)

Food

114.6
105.2
86.4

113.5
99.6

116.4
108.1
98.1
79.7

127.9

105.0
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Fig. 2. Absorptic^n curves of theophylline in the twcT childretl
who exhibited the greatest diflerenee between led (A) and
fasting dosing e)f Somophyllin.

concomitant consumption of a substantial
breakfast. The results after fasting medication
are in accordance with the findings in other
studies (3, 4, 12). To our knowledge the
absorption profiles of Somophyllin after food
have not previously been investigated in chil-
dren.

We used a rather substantial meal because
children often take their medicine with heavy
meals, and because we have previously found
that a light meal had only little influence upon
the absorption of SRT in patients in whom a
more substantial meal had a pronounced effect
(8). By choosing a heavy meal we thus ensured
that a lack of influence of food was not due to
an unrealistic light test meal.

Dose dumping (a short period of very rapid
increase in serum theophylline level after an
initial delay in absorption), which has been
reported with certain other SRT preparations
when taken with food (4, 6, 8, 9), was not
observed in any patient, and the differences
between the Somophyllin tieatment days were

caused by small but consistent differences in all
patients rather than by very large differences in
some patients. This means that a serum the-
ophylline level taken before dosing will always
be the trough and a serum level 4 h post dosing
will be close to the peak in most patients during
continuous treatment with Somophyllin. This
makes therapeutic monitoring based upon a
single blood sample easier and facilitates indi-
vidualisation of dosage.

Newth found that six of 16 children receiving
continuous therapy with Somophyllin under
fasting conditions needed 8-h dosing to main-
tain serum theophylline concentrations within
the therapeutic range (10). We also found a
rather rapid absorption of theophylline when
Somophyllin was taken under fasting condi-
tions. However, food seemed to improve the
sustained release properties of the preparation
(Table 1) so that the mean peak level occurred
about 2 h later after medication with food than
under fasting conditions. On the basis of our
results we therefore believe that Somophyllin
can be safely sprinkled upon food easily
ingested, as recommended by the manufac-
turers, provided that care is taken not to chew
the beads. Furthermore, the results indicate
that children receiving continuous therapy with
Somophyllin will probably have smaller fluctua-
tions in serum theophylline levels if they take
their medicine with meals rather than between
meals. This may also reduce side effects (3).

AGKNOWLEDGEMENT

The author would like to thank Miss J. C. V. Scott, Fisons
pic for statistical anafysis of the resufts.

REFERENGES

1. Boxenbaum, H. G.: Physiological and pharmacokinetic
factors affecting performance of sustained-release dosage
forms. Drug Dev. Ind. Pharmacy. 8, 1-25, 1982.

2. Hendeles, L., Wubbena, P. & Weinberger, M.: Food-
induced dose dumping of once-a-day theophylline. Lan-
cet 2, 1471, 1984.

3. Isles, A. F., Leeder, S., Spino, M. & Macfeod, S.:
Bioavaifability of Somophyllin-CRT capsules. Br. J.
Clin. Practice 38, Suppl. 35, 68-70, 1984.

4. Newth, C. J. L. & Lsles, A. F.: Use of su.slained release
Somophyllin-12 eapsules in young asthmatic children.
Br. J. Clin. Practice 3S, Suppl. 35, 64-67, 1984.



S. P K 1 ) 1 - : R S K N ;UUI G . S T K F K K N S K N

.'"). M('l;in(l<'r", A.: Inllucncc f)l food f)ti tlic bio;i\ailiil)ili(y ni

drugs, (llin, Piiarinacokincl. 3, 'S'M-'.'i^) \, I97H,

I). I'cdt'rscn, S.; Aljsnrption and sustaiMcd-rclca-sc ilu'o-

pliyllinc. l.ancrt 2, 966-967, 198:1

7. Pcdt'rscii, S. & Mellor-Pclcr.scn, [.: Krratic absorption

of a slow-rcIcasc thcophylliiic s[)rinkU' prodiK t. Pcdia-

irics 74, .^):H-5;^«, 1984.

H. Pcdcr.scn, S.: I'ood and fasting intake ol sustained-

release ihcophylline preparations. Br. J. Clin. Practite

38, Suppl. 35, 37-39. 1984.

9. Pederscn, S. & Mallcr-Pctcrscn, J.: Influence of (bod on

the absorption rate and bioavailability of a sustained

release tticophylline preparation. Allergy 37, b'^ 1 -534,

1982.

10. Sansorn, K. N.; The influence of food on the bioavaila-

bility of a sustained-release theophylline ibrrnulation.

Presented at tlie Sidney Reigelinan Memorial Sympo-

sium, San l''t aneisco, 19B2.

11. Storms, W. W.: I )elayed release of Sustairc. N. I'-nglJ,

Med. 304, H46~8'17. I'tfii.

12. S/rllcr, S. J , , Shen, D. ik VAW^. F..: An evaluation of

tlH'O[)hyiline al)S()rplion (rom lv\'o controlled i-clease for-

mulations. Paper" presenie( I at: I lieojjhyihne in

C O . L . I ) . Holland I98.i.

\:\. Vaughan, L., Miiavets. (;. . Hill, M. . Weinberger, M.

ik Hencieles, L.: I''ood-indu("ed dose-dum[jing of Theo-

24, a "onee-a-day" slow-release theophylline produ( t.

Drug Intell. Clin, Pharmaeol. 1.5, 510, 1984.

Afidiess:

S. I'e.dersfH

H(jbrovej 13

nK-9()()0 Aalborg

Denmark




