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The hydrosoluble fiber Plantago ovata husk improves levodopa
(with carbidopa) bioavailability after repeated administration
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Abstract

The influence of treatment duration (7 or 14 days) with Plantago ovata husk/levodopa/carbidopa in the bioavailability and other
pharmacokinetic parameters of levodopa were evaluated in rabbits. Fiber was administered at two different doses, 100 and 400 mg/kg, and
the dosage of levodopa/carbidopa was 20:5 mg/kg. These doses were administered once a day. When 100 mg/kg of fiber was administered,
the mean AUC value obtained for levodopa increased 20.2% from day 1 to day 7, and 27.2% from day 1 to day 14; C,.x was 8.6% higher on
day 7 and 11.7% higher on day 14. When administering 400 mg/kg of fiber, the increase in AUC values was 17.6% on day 7 and 24.9% on
day 14, and that of Cp,,x 11.1% on day 7 and 11.3% on day 14. The concentration determined immediately before drug administration (Cyi,)
increased progressively with the duration of treatment, and the highest increase (53.2%) was observed on day 14 with 100 mg/kg of fiber.
There was also a delay in levodopa elimination (higher MRT and lower Cl) in a fiber-dose dependent manner. In summary, we found that
there was an improvement in the extent of levodopa absorbed with higher final concentrations and that levodopa elimination was slower with
the administration of P. ovata husk.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction
A major problem with levodopa treatment are the fluc-
tuations in clinical response experienced in patients with
* Corresponding author. Tel.: +34 9 87 29 15 28; fax: +34 9 87 29 12 52. advanced Parkinson’s disease. Some of these fluctuations
E-mail address: nelida.fernandez@unileon.es (N. Fernandez). (e.g. wearing-off, on-off) in motor performance are related to
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the peripheral pharmacokinetics of levodopa [1—5]. Pulsatile
simulation of striatal dopamine receptors induces molecular
and neurophysiological changes in striatal neurons that are
associated with dyskinesias [1,6].

As a result of rapid intestinal absorption and metabolic
elimination, plasma levodopa concentrations can fluctuate
widely [2]. Early in the course of illness, there is no clear-cut
relationship between plasma levodopa profile and antipar-
kinsonian effect [3]. With the progression of the disease, a
correlation between levodopa plasma concentration and
clinical effect emerges [4]. In more advanced stages of Par-
kinson’s disease the clinical response mirrors the rapid rise
and fall in plasma levodopa concentrations after each dose
(the “wearing-off” phenomena). At this point, even small
changes in levodopa disposition can greatly affect the ther-
apeutic response. The pharmacokinetic optimization of levo-
dopa dosage becomes essential to obtain reproducible plasma
profiles and matched therapeutic responses [7-9].

Gastrointestinal symptoms such as nausea, abdominal
pain, and bloating are frequent complaints in patients with
Parkinson’s disease. It has been postulated that impaired
gastrointestinal function may contribute to the development
of motor fluctuations, such as delay on and no on, in patients
with Parkinson’s disease. Impaired gastrointestinal function
and symptoms may be associated with the disease itself or
may be secondary to levodopa treatment [10].

Fiber therapy could be employed to reduce the symptoms
of gastrointestinal motility disorders, because it regulates
stool transit in the small as well as in the large intestine. In
previous studies, we found an improvement in some phar-
macokinetic parameters of levodopa when administered with
Plantago ovata husk alone or in the presence of carbidopa.
We observed higher final concentrations of levodopa, a
longer plasma half-life, and lower values of Cy.x [11,12].
However, the AUC values diminished when levodopa/car-
bidopa were administered with fiber (possibly because fiber
retains part of the carbidopa) although there was less of a
decrease at higher fiber doses. This could indicate that P
ovata husk has a similar mechanism of action as carbidopa
(inhibition of LAAD) and, would need a period of time to
stabilize its action. The results could be different, therefore,
if these drugs are administered for several days. The purpose
of the present study is to establish the influence of P. ovata
husk in the bioavailability and other pharmacokinetic
parameters of levodopa when orally administered to rabbits
with carbidopa and fiber for different periods of time (7 and
14 days). We also evaluate whether pharmacokinetic modi-
fications are fiber-dose dependent.

2. Materials and methods

Twenty-four healthy New Zealand white rabbits weighing
2.84 to 3.31 kg were used. The animals were housed in
individual metal cages, which allowed the isolation of faeces in
a lower container to avoid coprophagia. The environmental
conditions were: humidity (55+10%), temperature (1942 °C),

and 12 h light—12 h dark cycle. Rabbits were maintained under
these conditions at least one week before the assay, with free
access to water and standard laboratory chow.

The rabbits were randomly divided into four groups of 6
rabbits each. All the animals received P. ovata husk
(Plantaben®, Madaus, Barcelona, Spain) immediately before
oral administration of 20:5 mg/kg levodopa/carbidopa
(Sinemet®) once a day at the same hour in the morning.
The different treatments were as follows:

® Group 1. — 20:5 mg/kg levodopa/carbidopa and P. ovata
husk (100 mg/kg) for 7 days

® Group 2. — 20:5 mg/kg levodopa/carbidopa and P. ovata
husk (100 mg/kg) for 14 days

® Group 3. — 20:5 mg/kg levodopa/carbidopa and P. ovata
husk (400 mg/kg) for 7 days

® Group 4. — 20:5 mg/kg levodopa/carbidopa and P. ovata
husk (400 mg/kg) for 14 days

The drugs were dispersed in water and administered by
gastric intubation every morning at the same hour. A total of
50 ml water was used for administration and cannula cleaning.

On the first (day 1) and the last day (day 7 or 14, respectively)
of treatment, levodopa concentrations were determined at dif-
ferent sampling times after drug administration. To obtain blood
samples, rabbits were anaesthetized with sodium pentobarbital
(30 mg/kg body weight, i.v.) and the left carotid artery was
cannulated with a silicone catheter (Silastic Medical-grade tub-
ing, 1.02 mm inner diameter x 2.16 mm outer diameter). Drug
administration was carried out after animals completely recov-
ered from anaesthesia.

Blood samples (3 ml) were obtained from the left carotid
artery through the cannula into heparinized containers, im-
mediately before drug administration and at 5, 10, 20, 30, 60,
90, 120, 180, 240 and 300 min after administration. In the
animals of the first and third groups (7 days treatment), two
blood samples were obtained immediately before (C,;,) and
at 20 min after drug administration (Cy,,x) on days 3 and 5
from the marginal ear vein. In the second and fourth groups
(14 days treatment) these samples were obtained on days 3,
6,9 and 11.

Immediately after blood sample collection, the plasma
was separated by centrifugation and stored at —20 °C until
analyzed. Levodopa extraction from plasma samples was
carried out using a catecholamine kit (Chromsystems®),
and was quantified using HPLC with electrochemical de-
tection. Neither heparin nor pentobarbital interfered with
the assay.

2.1. Pharmacokinetic studies

Pharmacokinetic analysis was performed based on a non-
compartmental description of the data. The maximum plas-
ma levodopa concentration (Cp,yx), and the time to reach
maximum concentration (#,.x), were read directly from the
individual plasma concentration-time curves.
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The WinNonlin computer program and formulae de-
scribed by Gibaldi and Perrier [ 13] were used to calculate the
model-independent pharmacokinetic parameters. These
parameters included the elimination rate constant (1), the
area under the plasma concentration-time curve (AUC),
clearance (CUF), the volume of area (V,/F), the volume of
distribution at steady state (Vg/F), the half-life associated
with A phase (¢,,,;), the area under the first moment curve
(AUMC), and the mean residence time (MRT).

The fraction of levodopa absorbed (F%) was calculated
by dividing the mean AUC by the value of the mean intra-
venous AUC obtained in a previous study [11] describing
levodopa administration without fiber.

2.2. Statistical evaluation

All pharmacokinetic parameters were calculated for each
animal and the data were presented as arithmetic mean=+
standard deviation (mean+SD). Data were analysed using
the Skewness test (to determine the normality) and the
Cochran test (to determine the uniformity in the variance).
When the data were normal and there was uniformity in the
variance, a t-test was used to evaluate differences between
days 1 and 7 and between days 1 and 14. When the data were
not normal and/or there was not uniformity in the variance,
Wilcoxon test was employed.

To evaluate differences in Cp,;, and Cp, a two-way
analysis of variance (ANOVA) was carried out and the
Duncan’s test was used to determine differences between
data sets. When the data were not normal or there was not
uniformity in the variance, Kruskal-Wallis test was used.
When the results were significant, Wilcoxon test was used to
assess differences between data sets. p <0.05 was used as
the criteria for significance in all analyses.

3. Results

Fig. 1 shows the plots of mean plasma levodopa
concentration as a function of time obtained on days 1 and
7, and days 1 and 14, after oral administration of 20:5 mg/kg
levodopa/carbidopa and P. ovata husk (100 mg/kg). The
plasma concentrations obtained with administration of
400 mg/kg of fiber are included in Fig. 2.

The non-compartmental pharmacokinetic parameters
obtained in the four groups of animals are summarized in
Tables 1 and 2. Table 3 shows the values of Cy;, and Cipax.

When levodopa and carbidopa were administered with
100 mg/kg of P. ovata husk, the mean AUC value increases
significantly (20.2%) from day 1 to day 7 and from day 1 to
day 14 (27.2%). The C.x also increased significantly
(8.6%) on day 7, and on day 14 (11.7%). The AUC (141.3
and 148.8 pg min ml ') and Cpay (2.21 and 2.30 ng/ml)
values were very similar on days 7 and 14.

When levodopa and carbidopa were administered with
400 mg/kg of P. ovata husk, the increase in AUC values was
slightly lower, although still significant. On day 7, the AUC

T T I I I T
50 100 150 200 250 300

1000.0
? ]
)
g
=
S
£ 100.04
= ]
8 -
=
=
o
10.0 o
. T T T I I T T
0 50 100 150 200 250 300
Time (minutes)
_1000.0
E 1
R -
£ 11
g 11
=]
b 11
£ I
5 100.0
S 11
= .
s 4l
11
11
11
10.0 T
0

Time (minutes)

Fig. 1. Mean plasma concentrations of levodopa in rabbits after oral admi-
nistration of 20:5 mg/kg levodopa/carbidopa and 100 mg/kg Plantago ovata
husk for 7 and 14 days.

was 17.6% higher and on day 14 the AUC was 24.9% higher.
The Cpax increased 11.1% after 7 days of treatment and
11.3% after 14 days of treatment (significant differences). As
observed with the 100 mg/kg dosage, the AUC values (159.2
and 167.2 pg min ml™ ") and Cpax (2.25 and 2.30 ng/ml)
were very similar on days 7 and 14.

If we evaluate the influence of the dose of fiber employed,
we see that after 7 days of treatment, the AUC was higher
(12.7%) when administering 400 mg/kg fiber than when
100 mg/kg fiber was used (significant differences) while
Cinax Was almost the same (2.21 and 2.25 ng/ml). Similarly,
on day 14 the AUC was also higher (12.4%) in animals
receiving the 400 mg/kg dose of fiber (significant differ-
ences), while the value of C,,,,x was the same in both groups
(2.30 ng/ml).

The levodopa concentrations at the different sampling
times were always higher after 14 days of treatment, except
at two points, where the values were slightly lower: 30 min
(1634 vs 1615 ng/ml) and 300 min (35.9 vs 34.6 ng/ml) after
the administration of 100 mg/kg of fiber, and 10 min (1457
vs 1417 ng/ml) and 60 min (1075 vs 1074 ng/ml) after the
administration of 400 mg/kg of fiber.
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Fig. 2. Mean plasma concentrations of levodopa in rabbits after oral admi-
nistration of 20:5 mg/kg levodopa/carbidopa and 400 mg/kg Plantago ovata
husk for 7 and 14 days.

The values obtained for C,,;, in the four groups increased
progressively with the duration of treatment. C,,;, increased
19.2% from day 3 to day 7 after the administration of 100 mg/kg

Table 1

P, ovata husk, with significant increases occurring between
day 3 and day 5, and between days 3, 5, and 7. After
administration of 100 mg/kg fiber, C,,;, was 53.2% higher
on day 14 than on day 3, with significant differences be-
tween all data points except between days 11 and 14. When
the dose of fiber was 400 mg/kg, C,.;, increased 17.3%
from day 3 to day 7, with significant increases occurring
between day 3 and day 5, and between days 3, 5, and 7.
From day 3 to day 14, the increase in Cy;,, was 28.4%, with
significant differences between all data points except
between the values of days 9 and 11, and days 11 and 14.
If we compare both doses of fiber, the C,,;, values were
almost the same on days 7 and 14.

We observed that with a longer duration of treatment,
there was an improvement in the extent of levodopa ab-
sorbed, resulting in higher final concentrations. These values
were stabilized between days 7 and 9 of treatment. The time
to reach the maximum plasma concentration (fy..) was
20 min in all groups.

For both doses of fiber, the MRT values increased sig-
nificantly between days 1 and 7, and days 1 and 14. The
highest MRT value obtained was on day 14 after the
administration of 400 mg/kg of fiber (83.2 min). For both
fiber doses, the Cl values decreased significantly between
days 1 and 7, and days 1 and 14. There were no significant
differences between pharmacokinetic parameters observed
on days 7 and 14.

4. Discussion

In this study we evaluated how the treatment dosage and
duration of P ovata husk modifies pharmacokinetic para-
meters of levodopa. The AUC values found on day 1 of
treatment (112.7, 108.4, 131.2 and 125.5 pg min ml ™!, re-
spectively, in groups 1, 2, 3 and 4) are similar to those reported
by Fernandez et al. [ 12] after administration of a single dose of

Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits after oral administration of 20:5 mg/kg levodopa/carbidopa and Plantago ovata

husk (100 mg/kg) for 7 and 14 days

Parameters Day 1 of 7 Day 7 Day 1 of 14 Day 14

X+SD CV (%) x+SD CV (%) x+SD CV (%) x+SD CV (%)
A (min" Y 0.0085+0.0027  31.52 0.0079+0.0016  20.27 0.0105+0.0028  26.41 0.0098+0.0023  23.16
AUC (ug min ml~ )4 112.7£10.90 9.68 141.3+18.22 12.89 108.4+6.79 6.27 148.8+23.23 15.61
Cinax (ug ml™1)*¢ 2.02+0.18 9.15 2.2140.23 10.22 2.03+0.26 13.06 230+0.43 18.76
fimax (min) 20.0+— - 20.0+— - 20.0+— - 20.0+— -
CIF (I kg 'min Hy*° 0.179+0.018 9.85 0.144+0.019 13.23 0.179+0.023 12.63 0.137+0.020 1431
VJ/F (kg h? 22.9+6.96 30.46 19.145.62 29.46 20.3+6.31 31.21 14.84+4.80 32.32
V/F (kg he 12.942.36 18.34 10.7+1.63 15.26 12.3+1.80 14.85 9.87+1.46 14.75
f1/2; (min) 87.2+21.1 2421 91.3+21.5 23.49 71.1422.5 31.59 73.7+17.0 23.03
AUMC (ug min® mI" )¢ 8000+406 5.07 10558+1807 17.11 7389+1209 16.36 10717+1691 15.78
MRT (min)® 71.5+6.86 9.59 74.6+7.47 10.02 67.9+3.74 7.80 72.0+2.31 3.21
F (%) 96.4 121.8 92.7 1272

# Significant differences between day 1 and day 7 (r-test, p <0.05).
® Significant differences between day 1 and day 7 (Wilcoxon test, p <0.05).
¢ Significant differences between day 1 and day 14 (r-test, p <0.05).

d Significant differences between day 1 and day 14 (Wilcoxon test, p <0.05).
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Table 2

Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits after oral administration of 20:5 mg/kg levodopa/carbidopa and Plantago ovata

husk (400 mg/kg) for 7 and 14 days

Parameters Day 1 of 7 Day 7 Day 1 of 14 Day 14

x+SD CV (%)  x=SD CV (%)  x+SD CV (%)  x*SD CV (%)
A (min” ") 0.0118+0.0038 31.90 0.0134+0.0021 15.61 0.01154+0.0029 25.41 0.0115+0.0011 9.37
AUC (pg min ml™Hy*° 131.2+14.95 11.39 159.2+18.57 11.67 125.5+16.3 13.03 167.2+11.51 6.88
Cinax (ug ml™1)*® 2.00+0.16 8.14 2.25+0.20 9.04 2.04+0.18 8.72 2.30+0.43 18.76
fimax (Min) 20.0+— - 20.0+— - 20.0+— - 20.0+— -
CUF (I kg 'min~ 1*® 0.154+0.017 10.96 0.127+0.016 12.83 0.162+0.020 12.05 0.120+0.008 6.78
VJ/F (kg 1) 14.4+6.13 42.51 9.71+1.71 17.66 15.0+4.64 31.03 10.51+0.98 9.36
V/F (Lkg H? 10.3+1.73 16.74 10.0+1.29 12.84 10.7+1.68 15.70 9.97+0.53 5.31
t1/2; (min) 64.6+23.0 35.66 53.0+8.64 16.29 63.5+15.9 25.12 60.8+5.84 9.61
AUMC (ug min® ml™')*® 8753+1063 12.14 12585+1807 14.36 8252+963 11.66 1394241646 11.81
MRT (min) 66.9+6.45 9.64 78.9+4.13 5.23 66.0+4.67 7.08 83.2+4.86 5.85
F (%) 112.2 136.1 107.3 143.0

 Significant differences between day 1 and day 7 (#-test, p <0.05).
® Significant differences between day 1 and day 14 (r-test, p <0.05).

levodopa/carbidopa and fiber to rabbits (109 and 129 pg min
ml ™!, respectively, with 100 and 400 mg/kg of fiber). The
values reported by these authors for Cy. (1.97 and 2.07 pg
ml ™!, with 100 and 400 mg/kg of fiber, respectively) were also
similar to those obtained in this study (2.02, 2.03, 2.00 and
2.04 pg ml~', respectively, in groups 1, 2, 3 and 4).

We carried out another study administering 20:5 mg/kg
levodopa/carbidopa for 7 and 14 days without fiber [14].
Comparing the results of this study with those of the present
one we observe that after the administration of 100 mg/kg of
P, ovata husk, the value of AUC was lower (17.9%) on day 1,
and also on days 7 and 14, although this decrease was lower
(6.2% and 5.5%, respectively). With the administration of
400 mg/kg of fiber, the AUC values were similar to those

Table 3

obtained without fiber, decreasing slightly on day 1 (4.7%)
and increasing slightly on days 7 and 14 (5.8% and 6.3%,
respectively). These results indicate that the duration of drug
administration, as well as the dosage of fiber, affects levo-
dopa absorption. The values of C,,x were always lower after
administering P. ovata husk, by nearly 18% in all treatments,
if we compare the data obtained with those reported by
Fernandez et al. [14].

In a previous study [12] in which a single dose of these
drugs was given to rabbits, it was demonstrated that the AUC
values diminished in the presence of P. ovata husk: 29.7%
after the administration of 100 mg/kg fiber, and 20.4% with
400 mg/kg fiber. However, these decreases were larger than
those found in the present study. This previous study also

Values of Cpin and Cpax (1g/ml) obtained after oral administration of 20:5 mg/kg levodopa/carbidopa and Plantago ovata husk (100 or 400 mg/kg) for 7 and

14 days to rabbits

100 mg/kg 400 mg/kg
X+SD CV (%) X+SD CV (%)
Cinin (0 min) Day 3 0.0078+0.0012 15.07 0.0081+0.0015 18.82
Day 5 0.0084+0.0013° 16.05 0.0088+0.0016° 17.70
Day 7 0.0093+0.0012°¢ 12.66 0.0095+0.0017"¢ 18.45
Cinax (20 min) Day 1 2.02+0.18 9.15 2.00+0.16 8.14
Day 3 2.08+0.18 8.78 2.09+0.21° 9.94
Day 5 2.11£0.19 8.98 2.24+0.23° 10.12
Day 7 2.2140.23%b¢ 10.22 2.25+0.20° 9.04
Cinin (0 min) Day 3 0.0077+0.0020 26.21 0.0092+0.0017 18.04
Day 6 0.0086+0.0016° 18.96 0.0097+0.0021 21.95
Day 9 0.0096+0.0017%" 17.74 0.0105+0.0023%F 21.33
Day 11 0.0112+0.0024%"¢ 21.48 0.0111+0.0018%F 16.06
Day 14 0.0118+0.0024%"¢ 20.61 0.0117+0.0020%"¢ 16.94
Cunax (20 min) Day 1 2.03+0.26 13.06 2.04+0.18 8.72
Day 3 2.16+0.44 20.51 2.04+0.18 8.72
Day 6 2.22+0.48 21.87 2.06+0.21 10.38
Day 9 2.27+0.53 23.39 2.13£0.21 10.03
Day 11 2.40+0.66° 27.40 221+021%f 9.68
Day 14 2.30+0.43¢ 18.76 22640234k 10.02

Significant differences: *with day 1; ®with day 3; fwith day 5 (Duncan test, p <0.05).
Significant differences: dwith day 1; °with day 3; 'with day 6; ewith day 9; (Duncan test, p <0.05).
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had larger decreases in C,,,, with both doses of fiber: 28.1%
with 100 mg/kg fiber, and 24.6% with 400 mg/kg [12].

The final plasma concentrations are always higher in the
presence of P. ovata husk, with the greatest concentrations
occurring after administration of 400 mg/kg fiber. This was
also described by Fernandez et al. [12].

When comparing the values we obtained for MRT and CI/F
with those obtained without administration of fiber [14], it is
clear that the values of CI/F and MRT are always higher after
the administration of 100 mg/kg P. ovata husk. However,
when the fiber dose employed is 400 mg/kg, CI/F values are
very similar and MRT values are higher in the presence of fiber.

Our findings support the conclusions stated in previous
works [11,12], in which it was found that fiber administration
could reduce the severity of dopamine-mediated gastrointes-
tinal and cardiovascular adverse effects by providing lower
levodopa maximum concentrations. Fiber can also improve
“on-off” and “wearing-off” situations due to an increase in the
half-life and final concentration of levodopa, with less fluc-
tuations in plasma concentrations. These findings are very
important for the optimization of levodopa pharmacokinetics
[6,15]. After years of treatment with levodopa, at least 50% of
Parkinson’s patients develop fluctuations in motor perfor-
mance. The “wearing-off” effect occurs in 10% of levodopa-
treated patients. Unpredictable and severe “on-off” swings
eventually appear in 10—15% of patients after 5 or more years
of treatment. Although the pathophysiological mechanisms
underlying these episodes are poorly understood, they fre-
quently correspond to decreases in levodopa plasma levels [1].

The results of this study reaffirm the idea that P. ovata
husk can partially inhibit LAAD activity, as has been de-
scribed with other enzymes [16—18]. In addition, fiber could
retain some of the levodopa to make it available for absorp-
tion in more distal portions of the intestine, which would
explain the final higher plasma levodopa concentrations that
are observed when fiber is administered.

Taking into account the results obtained: improvement of
levodopa kinetic profile with higher final concentrations, a
longer plasma half-life and lower C,,x, we think that P
ovata husk offers interesting perspectives to be administered
to patients with Parkinson disease, although further clinical
studies are necessary.
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