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Abstract: The influence of fatty diet and standard diet on the bioavailability and plasma half life of conventional theophylline was studied in the rabbit. It was found that standard diet had significantly reduced
the extent of oral bioavailability (AUCo_o;:) of theophylline compared to the fasiing state. The fatty diet resulted in a significantly increased extent of oral bioavailability (AUCo_oc and Cmax) and significantly decreased rate of bioavailability (tmax and t1/2a) of theophylline compared to the standard diet group. The
plasma half life was unaffected by either standard diet or the fatty diet. Therefore, dietary composition
should be actively considered while titrating the dose of theophylline since theophylline is a drug of narrow
therapeutic range and requires close monitoring of therapeutic plasma level.
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INTRODUCTION
Theophylline is a widely prescribed bronchodilator agent with a narrow therapeutic range.
The pharmacokinetics of theophylline has been
shown to be dependent on food composition (1, 2),
quantity of food intake (3) and on dosing time relative food intake (4). Further it was reported (5) that
the bioavailability of theophylline from a solid dosage form was greater when the drug was given immediately after a high protein meal than after a high
carbohydrate meal. However, no information is available on the interaction of theophylline kinetics
and fatty food. Hence, this study was undertaken to
find out the influence of fatty food on the bioavailability and half life parameters of theophylline in rabbits.
METHODS
Ten healthy male rabbits (1.5 to 2.5 kg) were
obtained from the Central animal house of the Institute and.kept in individual cages for 30 days prior to
the study in the departmental animal house for the
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bioavailability

purpose of acclimatization. They had free access to
water and food (Hind Lever pellets) was given once
a day at 13.00 h. A constant day-night cycle was
maintained and the temperature of the animal room
was constant at 23±2°C throughout the study
period.
An open, cross-over design of study was
adopted to study the following:
a) The efffect of fasting, standard diet and high
fat diet on the bioavailability of single dose of
aminophylline solution given orally through a intragastric tube to the rabbits.
Under the fasting condition the rabbits were
fasted for 24 h, standard diet meant the adminstration of the usual daily ration of Hind Lever chow (70
g/rabbit) given at 13.00 h and high fat diet referred
to standard diet fortified with 5 g of additional butter
given through the orogastic tube directly into the
stomach of the rabbit on the study day. In each of
the three conditions i.e. fasting, standard diet and
high fat diet, the drug (aminophylline solution) was
given at a dose of 10 mg/kg (as the theophylline
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base) orally at 14.00 h as a single dose to ten rabbits
.vith a washout period of ten days between two study
days.
b) The effect of standard diet and high fat diet
on the multiple dose kinetics of theophylline.
Aminophylline solution was given orally at a
dose of 10 mglkg four times a day at 08.00 h, 20.00
hand 02.00 h for five consecutive days while on the
6th day i.e. the study day, drug was given at 08.00 h
and 14.00 h. Similar drug treatment protocol was
maintained both during the standard and the high fat
dietary regimes. Standard diet or the high fat diet
was given daily once at 13.00 h for six consecutive
days of drug treatment inclusive of the study day. A
washout period of ten days was given between the
two studies.
Venous blood samples (0.5 ml each) were collected by giving a cut on the marginal ear vein of rabbit at the following time intervals both in the single
dose and the multiple dose kinetic study; 0 h (i.e.
just before the 14.00 h drug administration) and 0.5,
0.75, 1, 2, 4 and 6 h after the drug administration.
An additional sample at 0.25 hand 8 h after drug administration was taken in the single dose study.
Blood amples were immediately centrifused at 3000
rpm for 15 min and the plasma was separated and
stored at - 20°C till assay. Plasma theophylline was
assayed by reverse-phase high performance liquid
chromatography (HPLC) technique according to the
method described earlier by Swaminathan et al (6).
The sensitivity of the method was 0.2 JLg/ml and the
specificity as measured by the coefficient of variation
was 6.78%.
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centration) from the plasma data and percentage
fluctuation by the formula
Cmax - Cmin x 100
Cmax
Statistics: Plasma theophylline concentrations
were expressed as Mean ± SEM. Statistical comparison was done by the analysis of variance and if
the 'F' value was significant then paired '1' test was
applied for inter group comparison. P <0.05 was
considered statistically significant.
RESULTS
Fig. 1 shows the plasma concentration versus
time curves of theophylline after single dose administration under three different dietary situations.
Each point represents Mean ± SEM from ten observations. Each curve showed a rapid rise to attain the
peak followed by gradual fall in the plasma concentration of theophylline. The peak was delayed in the
16

0------0 STANDARlJ DIET
<>----<> HIGH FAT DIET
_ _ FASTING

14

r

E

,.

"0,
12

z

Q

4
a: 10
t-

z

W

u
z
0
u

8

w
Z

:::;
-'
>:r:

6

£l.

0

w
:r:

4

t-

<{

Calculations: The plasma concentra ion versus
time data was analysed by open one compartment
model. The following kinetic parameters were calculated: Cmax (peak plasma concentration), tmax
(time to peak plasma concentration) from the plasma
data, t1l2 a (absorption half life) by the residual
method, t1l2 (elimination half life) by the least
square regression analysis, AUCO-oc (area under the
plasma concentration time curve) by trapezoidal
rule, C max (steady state peak concentration) from
the plasma data, C ss min (steady state trough con-
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Fig. 1: Plasma theophylline concentrations at different time intervals after single oral dose adminstration to 10 rabbits
under three different dietary schedule.
'P < 0.05 between the standard diet and the high fat diet groups.

+ P< 0.05 hetween the fasting and the standard diet groups.
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TABLE I:

Cmax
(p.glm/)

Groups

l.
2.
3.

Fasting
Standard diet
High Fat diet

Single dose study comparison of theophylline pharmacokinetic parameters.

13.24± I.S2
13.15±0.6S
13.76±l.15

Tmax

tl12a

(h)

(h)

82.64±6.37+
62.13±4.69
7S.40±7.1O

4.22±0.34
3.63±0.21
3.80±0.35

0.49±0.12
0.36±0.09
061±0.12

1.07±0.09!
1.00±0.13
l.45±0.OS*

AUCO_oc
(p.g/ml, h)

tl 12el
(h)

Values are Mean ± SEM (n=lO)
§1 significantly different from 3 at P < 0.05.
*3 significantly different from 2 at < 0.05.
+ 1 significantly different from 2 at < 0.05.

high fat diet group compared to the other two
groups. Plasma theophylline levels were significantly
higher in the fasting group at 4 hand 8 h compared
to the standard diet group while it was significantly
higher at 8 h for the high fat diet group compared to
the standard diet group. No significant difference
was observed between the fasting and the high fat
diet ~roups at any point of time.
Table I shows the kinetic parameters of single
dose theophylline under three different dietary
schedules. Tmax was significantly higher for the high
fat diet group compared to the other two groups.
Cmax and tl/2 elimination did not differ significantly
amongst the three groups. AUCo-oc was significantly higher for the fasting group compared to the
standard diet group but did not differ significanrly
from the high fat diet group. AUCo-oc for the high
fat diet group was much higher compared to that of
the standard diet group but failed to attain statistical
significance due to wide scatter.
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Fig. 2 shows the plasma concentration-time
curves of theophylline at steady state condition
under two different dietary schedules i.e. standard
diet and high fat diet. The peak concentration was
delayed in the high fat diet group. The concentration
TABLE II:
Groups

Standard diet
High Fat dict

6

Fig. 2: Plasma theophylline concentrations at different time intervals after multiple oral doses to rabbits under two different dietary schedules.
*P<0.05 between the two groups.

Multiple dose study comparison of theophylline pharmacokinetic parameters.
Css max
(p.glm/)

14.04± 1.13
IS.24± 1.44'

Values are Mean ± SEM (n= 10)
'P< 0.05.

4

(HOURS)

Tmax
(hi

0.81 ±0.04
I.lti±O.IO*

til2el
(h)

5'12±0.46
5h2±O.27

Cssmin
(p.glm/)

AUCO_oc
Ip.glml.h)

Percentage
j7uClualions

7.02±0.69
968±OW'

1206±lO.49
160.8± 10.40'

46.24±1.77
49.49±2.16
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of theophylline at each point of time, though showed
wide scatter, yet was significantly higher for the high
fat diet group compared to the standard diet group.
Table II shows the comparative kinetic
parameters of theophylline in the standard diet and
the high fat diet groups of rabbits. The Cssmax,
Cssrnin, tmax .and AUCo_ocwere significantly higher
for the high fat diet group compared to the standard
diet group. However, no significant difference was
observed in the tl/2 el. and percentage fluctuation
parameters of theophylline between the two groups
under study.

DISCUSSION
Food and drug interaction is well known. Depending upon the type of food, the nature of drug
and the degree of interaction, the drug absorption
might be reduced, delayed, unaffected or increased.
Whether the changes in drug absorption are clinically relevant or not depends both on the type of
drug and the extent of the change. A small alternation in absorption characteristics would be unimportant for a drug which is effective over a wide concentration range but might be critical for a drug with
a narrow therapeutic range or with a steep dose-response curve (7). Theophylline is a bronchodilator
drug with a narrow therapeutic range (8-20 jLg/ml) in
the treatment of bronchial asthma. In the single dose
study, it was found that the extent of oral bioavailability (AUCo-oc) was significantly reduced by standard pellet diet while the rate of bioavailability
(measured by tmax and tl/2 a) was reduced by fatty
diet. The slower absorption of theophylline after
fatty diet could be due to prolonged gastric emptying
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time caused by the fatty diet (5) since theophylline is
principally absorbed from the small intestine. The
impaired extent of oral bioavailability of theophylline by pellet diet as observed in the present study
was in contrast to that reported by Lagas and
Jonkman (8) who showed an increased bioavailability of theophylline after meals. In contrast to
aminophylline solution that was used in the present
study, Lagas and Jonkman (8) had used sustained release theophylline formulation to the human beings
in their study.
In the steady condition, it was observed that
fatty diet had significantly increased the extent of
oral bioavailability and significantly reduced the rate
of bioavailability of theophylline compared to the
standard diet group. The exact reason for the increased extent of oral bioavailability of theophylline
by fatty diet is unclear. Similar increase in the
. bioavailability of several other drugs like griseofulvin (9), riboflavin and riboflavin-s-phosphate (10) by
fatty food have also been reported earlier. The increased bioavailability ranged from 26-40% over
that after standard diet, thereby, suggesting that
considerations of dietary composition is crucial for
dosage adjustment of theophylline. Neither the standard diet nor the fatty diet had any influence on the
half life of theophylline. Short duration (of 6 days)
of dietary intervention might be the limiting factor
for evaluating the influence of fatty diet on theophylline disposition. Therefore, further studies on
theophylline disposition with prolonged administration of fatty diet are warranted since hepatic mixed
function oxidase system which metabolizes
theophylline, is reported to be influenced by fatty
acid content of diet given for three weeks to rats
(11).
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