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Abstract

Dietary fibers are widely used in hypoglycaemic, hypolipidemic, slimming diets. It is probable that their ingestion coincides with the oral
administration of drugs and a modification of their pharmacokinetics can appear. In the present study, the influence of two soluble fibers
(guar gum and psyllium) was evaluated on the pharmacokinetics of ethinyloestradiol (EE) when they were administered together to female
rabbits via the oral route. Three groups of rabbits were used. All animals received 1 mg/kg of EE; this compound was administered alone
in the control group and with 3.5 g of guar gum or psyllium in the other two groups. When guar gum was administered, there was a decrease
in the extent of EE absorbed, but no change was observed in the rate of absorption. When psyllium was administered, the extent of EE
absorbed increased slightly and the rate of absorption was slower. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Ethinyloestradiol (EE) is widely used for oral contracep-
tion by millions of women all over the world. This estrogen
is also used in the treatment of menopausal symptoms, in
functional uterine bleeding, for inhibition of lactation, and
also for palliative treatment of breast cancer in postmeno-
pausal women and prostate cancer [1,2].

EE usually is administered via the oral route and at very
low doses (20–35mg in oral contraception) to avoid its
adverse effects. The presence of other drugs and/or foods
can modify the bioavailability of EE, increasing or decreas-
ing its plasma concentrations; this may lead, respectively, to
adverse effects or to a reduction in therapeutic effectiveness.

Dietary fiber, the digestable cell wall component of plant
materials, plays an important role in human health [3].
Burkitt [4] attributed part of the lower risk of colon cancer
in Africans to their high unabsorbable-fiber diet. Since that
time, high dietary fiber intake has been shown to help
prevent or treat hyperlipidemia [5], cardiovascular disease

[6], hypertension [7], obesity [8], certain cancers [9], gas-
trointestinal disorders [10], and diabetes [11].

Dietary fiber has received considerable attention in both
the popular press and scientific literature, so many people
know of its beneficial properties. The recommended intake
for a healthy adult is 20–35 g/day [12] and this quantity is,
on many occasions, far from the real consumption. To
compensate for deficiency in fiber ingestion, pharmaceutical
preparations of fiber are frequently used, usually without
medical control, in a continued and sometimes abusive way.
It is highly probable that fiber ingestion coincides with oral
administration of other drugs, including EE, which is used
in chronic therapies. Psyllium and guar gum are among
these fiber supplements that have been incorporated into
diet because of their laxative and hypoglycaemic character-
istics and their common use in weight-loss diets.

In a previous study [13] performed with female rabbits,
we showed that the extent of EE absorbed decreased be-
tween 29% and 35%, respectively, when it was adminis-
tered with two commercial fibers containing 2% and 76.5%
(Product 1) and 2.2% and 65% (Product 2) soluble and
insoluble fibers, respectively. No other absorption and elim-
ination parameter was modified except Cmax, which was
lower in the presence of the two fibers. We therefore,
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concluded that EE adsorption to fiber is the most probable
interaction mechanism.

The purpose of this study was to establish the influence
of two soluble fibers, psyllium (at 70%) and guar gum (at
83.3%), that provide the aqueous solution a high viscosity,
in the bioavailability and other pharmacokinetic parameters
of EE, when administered to female rabbits by the oral
route. We also evaluated whether the behavior of these
fibers differs from fibers used in the above mentioned study,
which contained mainly insoluble components.

2. Materials and methods

2.1. Study design

Eighteen healthy female New Zealand white rabbits with
a body weight range of 2.7–3.2 kg were used. The environ-
mental conditions were: constant humidity (556 10%),
temperature (196 2°C) and 12-h light–12-h dark cycle. The
animals were housed in individual metal cages, which al-
lowed the isolation of feces in a lower container to avoid
coprophagia. Rabbits were maintained under these condi-
tions at least 1 week before the study, with free access to
water and standard laboratory chow. Twenty-four hours
before drug administration, the rabbits fasted but had free
access to water.

The rabbits were randomly divided into three groups of
six animals each. The rabbits in the first group were used as
controls and received 1 mg/kg EE (Sigmat, St. Louis, MO,
USA). Animals in the second and third groups also received
1 mg/kg EE and in addition, immediately before EE admin-
istration they received 3.5 g of psyllium (seed cuticles of
Plantago ovata, ispaghula husk) and guar gum (Plantabent

and Plantaguart, respectively, Madaus, S.A., Barcelona,
Spain), respectively. The estrogen [dissolved in a mixture of
water and ethanol (4:1 v/v)] and the two fibers dispersed in
water were administered by gastric intubation. A total of 50
mL water was used for fiber administration and cannula
cleaning.

Blood samples were obtained from the left carotid artery
previously cannulated with a silicone catheter [Silastict

Medical-grade tubing, 1.02 mm (inner diameter)3 2.16
mm (outer diameter)]. The catheters were placed under
anaesthesia with sodium pentabarbital (Barcia, Madrid,
Spain), 30 mg/kg intravenously.

Blood samples (3 mL) were collected through the can-
nula into heparinized containers before, and at 5, 10, 20, 30,
60, 90, 120, 150, 180, and 240 min after EE administration.
Plasma was obtained by centrifugation and stored at220°C
until analyzed. EE was quantified in the plasma samples by
high-performance liquid chromatography with electrochem-
ical detection according to the method previously described
[14].

2.2. Pharmacokinetic studies

2.2.1. Compartmental analysis
For compartmental analysis, plasma EE concentration-

time profiles were individually fitted to the following expo-
nential equation:
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n
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where Ci is the y-intercept,l is the slope of each of n
first-order rate processes, e is the exponential function (base
e), and t is time.

The pharmacokinetic model best describing the plasma
concentration-time curves of EE was determined using the
PCNONLIN computer program (Statistical Consultants,
Lexington, KY, USA) [15]. The equations were fitted to the
data using a weighting factor (1/C), and the optimum num-
ber of first-order rate processes was determined by residual
analysis. Other compartmental parameters were calculated
by standard methods [16]. Initial estimates of the parameters
were determined by JANA [17].

2.2.2. Non-compartmental analysis
Expressions based on statistical moments theory [18] and

on formulae described by Gibaldi and Perrier [16] were
used to calculate the model-independent pharmacokinetic
parameters. The plasma elimination rate constant (l) was
calculated by least-squares regression of the logarithm of
plasma concentration versus time curve over the terminal
elimination phase.

Other parameters calculated were the area under plasma
concentration-time from time 0 to the last experimental time
(AUC02t), the area under the plasma concentration-time
from time 0 to infinity (AUC02`), the total body clearance
(Cl), and the half-life associated withl phase (t1/2l). Max-
imum plasma EE concentration (Cmax) and the time to reach
maximum concentration (tmax) were read directly from the
individual plasma concentration-time curves.

2.3. Statistical analysis

All pharmacokinetic parameters were calculated for each
animal and the data presented as arithmetic mean6 stan-
dard deviation (mean6 SD). Data were analysed by anal-
ysis of variance (ANOVA) and when the results were sig-
nificant, the Duncan’s test was used to evaluate differences
between data sets. When the data were not normal or there
was not uniformity in the variance, Kruskal-Wallis test was
used. P#0.05 was used as the level of significance for all
analyses.

3. Results

The plot of mean plasma EE concentration as a function of
time after oral administration of 1 mg/kg for the three groups
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studied are shown in Fig. 1. The pharmacokinetic parameters
obtained by both compartmental and non-compartmental anal-
yses are summarized in Tables 1 and 2, respectively.

3.1. Compartmental analysis

After oral administration (with and without fiber), the
pharmacokinetics of EE was best described by a two-com-

partment open model in all rabbits. The mean values ob-
tained for ka were very similar in the control (0.130 min21)
and guar gum (0.132 min21) groups, and was lower in the
psyllium group (0.083 min21). Significant differences were
found when this parameter was compared between the psyl-
lium group, and the control and guar gum groups.

The mean AUC value was 1.5 times higher in the control
group (975 ngz min z mL21) than in the guar gum group
(652 ngz min z mL21), and slightly lower than in psyllium
group (1102 ngz min z mL21).

Cmax values were higher in the control group (12.5
ng z mL21) than in guar gum (9.5 ngz mL21) and psyllium
(10.4 ngz mL21) groups, and tmax values were lower in the
control group (10.6 min) than in the guar gum (11.2 min)
and psyllium (17.8 min) groups.

According to Ritchel [19] and McGilveray et al. [20], the
most representative parameters of bioavailability are AUC,
Cmax, and tmax. The statistical analysis for these parameters
revealed that there were significant differences when AUC
was compared between the guar gum group, and the control
and psyllium groups. Significant differences were also
found for tmax. However, no significant differences were
found when Cmax values were compared.

b values ranged from 0.0091 min21 and 0.0080 min21

(guar gum and control group, respectively) to 0.0065 min21

(psyllium group). Statistical analysis revealed no significant
differences forb values.

Finally, significant differences were found for Cl be-
tween the guar gum group (1.647 Lz kg21 z min21) and
control (1.072 Lz kg21 z min21) and psyllium (0.973
L z kg21 z min21) groups.

Fig. 1. Mean plasma concentrations of ethinylestradiol (EE) in rabbits after
oral administration of 1 mg/kg alone (—F—) and in the presence of guar
gum (—Œ—) and psyllium (—■—).

Table 1
Pharmacokinetic parameters obtained by compartmental analysis in rabbits after oral administration of 1 mg/kg EE alone (control) and in the presence of
fiber (guar gum or Ispaghula husk)a

Parameters Control Guar gum Psyllium

A (ng z mL21)b 98.36 2.42 80.46 30.1 87.66 13.1
B (ng z mL21)c 6.396 1.01 4.276 2.02 5.746 2.06
Ka (min21)d,g,h 0.1306 0.009 0.1326 0.025 0.0836 0.027
a (min21)c 0.10326 0.0114 0.09986 0.0433 0.06806 0.0257
b (min21)c 0.00806 0.0014 0.00916 0.0020 0.00656 0.0018
K10 (min21)d,g,h 0.02746 0.0034 0.03036 0.0079 0.02056 0.0044
K12 (min21)b 0.05386 0.0093 0.04786 0.0293 0.03136 0.0162
K21 (min21)c 0.02996 0.0047 0.03086 0.0153 0.02286 0.0119
AUC (ng z min z mL21)d,f,h 9756 205 6526 193 11026 307
Cl (L z kg21 z min21)d,f,h 1.076 0.27 1.656 0.48 0.976 0.29
t1/2K10 (min)d,g,h 25.76 3.13 24.26 5.90 35.36 8.16
t1/2Ka (min)e 5.366 0.36 5.386 0.89 9.076 2.74
t1/2a (min)b 6.796 0.78 9.166 6.87 11.46 3.97
t1/2b (min)d,h 89.56 17.6 79.26 15.2 1126 25.9
Vc (L z kg21)b 0.03926 0.0083 0.05656 0.0183 0.04866 0.0159
Cmax (ng z mL21)c 12.56 2.69 9.526 3.03 10.46 2.52
tmax (min)e 10.66 0.79 11.26 2.80 17.86 4.90

a Values are the mean6 standard deviation for six rabbits.
b No significant differences (Kruskal-Wallis).
c No significant differences (one-way ANOVA).
Significant differences (d Duncan test) (e Kruskal-Wallis) between:f control and guar gum,g control and psyllium,h guar gum and psyllium.
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3.2. Non-compartmental analysis

Non-compartmental AUC values were also higher in the
control group (1022 ngz min z mL21) than in guar gum
group (659 ngz min z mL21), and slightly lower than in
psyllium group (1101 ngz min z mL21). Significant differ-
ences were found for this parameter between the guar gum
group and the other two groups. Cmaxobtained in the control
group (16.7 ngz mL21) was higher than in psyllium group
(13.0 ngz mL21) and guar gum group (11.3 ngz mL21).
Statistical analysis revealed significant differences between
the control group and guar gum group. The mean value of
tmax was 10 min in the control and guar gum groups, while
in the psyllium group tmax was 18.3 min. The differences
were significant between the latter group and the former
two. Lambda values were similar tob values obtained after
compartmental analysis.

Finally, significant differences were found for Cl between
the guar gum group (1.634 Lz kg21 z min21), and control
(1.006 Lz kg21 z min21) and psyllium (0.975 Lz kg21 z min21)
groups.

4. Discussion

The two-compartment open model was used by other
authors to describe EE pharmacokinetics [21–24]. This
model has also been used to describe the results obtained in
this study as well as in 3 previous studies where the oes-
trogen was administered orally and intravenously [13,25,
26].

The mean value obtained for Cmax in the control group
(12.56 2.7 ngz mL21) was slightly lower than obtained in
a previous study (14.56 3.2 ngz mL21), while the AUC
value was higher (629 and 975 ngz mL21, respectively). We
think that these differences are due to individual variability.
The value of tmax, however, was very similar in both studies:
9.5 6 1.2 min in the previous study and 10.66 0.8 min in
the present work.

Although there are many studies regarding pharmacoki-
netic interactions, few of them have been carried out with
dietary fiber. Dietary fibers have important effects in gas-
trointestinal physiology and in absorption of many nutri-
ents. Fiber is also considered to be capable of binding toxic
materials and eliminating them before they can be absorbed
into the blood stream [27]. In the same way, it can modify
drug absorption.

In a previous study we showed that two fibers containing
a high proportion of insoluble components (fiber 1 con-
tained a 76.5% of wheat bran and fiber 2 contained 65%
Plantago ovata seeds) reduced the extent of EE absorbed,
without modifying the rate of absorption (tmaxand Ka values
were similar to those obtained in the control group). The
values of AUC and Cmax decreased between 29% and 35%.

In this study, two hydrosoluble fibers with widespread
usage among consumers were studied: guar gum and psyl-
lium, which provide the aqueous medium with high viscos-
ity. Under these conditions, the extent of EE absorbed could
be even lower than in the presence of insoluble fibers. In the
presence of guar gum, AUC decreased by 35.6% and Cmax

by 32.2%. These values are similar to those obtained for
fibers 1 and 2, which reduced the extent of EE absorbed
between 29% and 35%. As we concluded with wheat bran
and Plantago ovata seeds, we think that in the present study
guar gum acts as a mechanical barrier that prevents EE
access to mucosal surfaces, resulting in decreased drug
absorption and a shortened duration of action. These facts
are in accordance with Kirk [28], who indicated that there is
a type of drug-nutrient interaction involving food as a me-
chanical barrier that prevents drug access to mucosal sur-
faces.

However, in the presence of psyllium, the behavior is
different to that observed with the other three situations.
There is a delay in the absorption, as can be deduced from
the higher value of tmax(17.8 min) and the lower value of Ka
(0.083 min21) obtained in comparison with the control
group (10.6 min and 0.130 min21). On the other hand, the
extent absorbed (AUC5 1102 ngz min z mL21) is slightly

Table 2
Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits after oral administration of 1 mg/kg EE alone (control) and in the
presence of fiber (guar gum or Ispaghula husk)a

Parameters Control Guar gum Ispaghula husk

l (min21)b 0.00706 0.0022 0.00976 0.0023 0.00716 0.0015
AUC02t (ng z min z mL21)c,e,g 8766 166 6076 179 9166 243
AUCt2` (ng z min z mL21)d 1466 45.8 52.16 28.6 1866 105
AUC02` (ng z min z mL21)c,e,g 10226 168.6 6596 198 11016 316
Cl (L z kg21 z min21)e,f,h 1.0066 0.203 1.6346 0.474 0.9756 0.283
Va (L.kg21)b 1606 67.4 1716 40.7 1396 39.2
t1/2l (min21)b 1086 31.3 74.86 16.7 1026 28.3
Cmax (ng z mL21)c,e 16.76 2.01 11.36 2.98 13.06 4.37
tmax (min)d,f,g 10.0 10.0 18.36 4.08

a Values are the mean6 standard deviation for six rabbits.
b No significant differences (one-way ANOVA).
Significant differences (c Duncan test) (d Kruskal-Wallis) between:e control and guar gum,f control and psyllium,g guar gum and psyllium.
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higher than when EE is administered alone (AUC5 975
ng z min z mL21). This fact may indicate a lower absorption
in the stomach, where EE is well absorbed [21] and an
increase in the absorption in the intestine, where this fiber
increases peristaltic movements [29–30].

As indicated by Anderson [31], fiber action is complex
and may influence the bioavailability by direct binding of
drugs or by altering luminal pH, gastric emptying, intestinal
transit, mucosal absorption, splanchnic-hepatic flow and
metabolism of the drug. This can be interpreted as a higher
or lower absorption and, moreover, it depends not only on
the type of fiber but also on the drug. In this way, while in
the present study we showed that guar gum diminished EE
absorption, Uusitupa et al. [32] did not find any modifica-
tion in the absorption of glibenclamide when this drug was
administered with guar gum.

In relation to the interaction with psyllium, it could be
even beneficial, because Cmax would be lower and the risk
of adverse reaction would diminish, and as the extent ab-
sorbed is not lower, the efficacy would not decrease.
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