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Autonomic disorders are often seen in Parkinson's disease, with disturbances of the gastrointestinal tract
occurring most frequently. These disorders, mainly a delay in gastric emptying and slowed gastrointestinal
motility, can modify the pharmacokinetics and effectiveness of drugs used to treat Parkinson's disease and
administered orally. In this study, we evaluated in a rabbit model the pharmacokinetics of levodopa
(administered with carbidopa) in the context of gastrointestinal motility slowed by the administration of an

I;;?; :;?drg;' anticholinergic drug. Levodopa + carbidopa (20:5 mg/kg) and the anticholinergic biperiden (100 pg/kg)
Levodopa were orally administered to rabbits over one of two time periods (7 or 14 days) to verify the stabilization of
Pharmacokinetics levodopa concentrations. The values of the area under the curve (AUC) and Cp,.x Were higher on the final day
Rabbits of treatment with an increase in AUC of 25% on day 7 and 33.4% on day 14; for C,ax, the increase was 15% on

Slowed gastrointestinal motility day 7 and 12.8% on day 14. The values of AUC and C,.x were lower than those obtained when levodopa
was administered to rabbits with normal gastrointestinal motility. The values obtained for Cy;, (baseline
sample obtained before administration) also increased with treatment duration (24% and 47.4% on days 7
and 14, respectively). These values were higher than those obtained in the absence of anticholinergic
administration. We conclude that, under our experimental conditions of slowed gastrointestinal motility,

levodopa absorption diminishes, and final concentrations and Cp,, are higher than under conditions of

normal motility.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Parkinson's disease remains one of the most common neurodegen-
erative disorders, affecting 1% of the population over age 65 (Wilk and
Lash, 2007). Autonomic disorders are often seen in idiopathic
Parkinson's, especially in the advanced stages of the disease. Dis-
turbances of the gastrointestinal tract are the most frequent autonomic
disorders, including abnormal salivation, difficulty in swallowing
(dysphagia), early feeling of satiety (abdominal bloating-distension),
disorders of gastric emptying, and constipation (Korczyn, 1989;
Edwards et al., 1993). These symptoms may affect the quality of life of
patients with Parkinson's and modify the pharmacokinetics as well as
the effectiveness of drugs used to treat this disease.

Levodopa (usually combined with carbidopa) is the most frequently
used medication for treating Parkinson's. This drug is absorbed in the
duodenum, jejunum and proximal ileum and metabolized to dopamine
through decarboxylation in the stomach (Nutt and Fellman, 1984); thus,
the rates of gastric emptying and gastrointestinal motility are important
variables that may affect the amount of drug absorbed. Some fluctuations
in clinical response in the context of motor performance (e.g., wearing-
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off and on-off) are that patients with advanced Parkinson's disease
experience are partially related to the peripheral pharmacokinetics of
levodopa (Bredberg et al., 1990; Kempster et al., 1989; Shoulson et al.,
1975).

Age-related delayed gastric emptying, dietary factors, variable
transit time, and erratic absorption of the drug at the proximal intestine
are some of the contributing factors to the decreased bioavailability of
levodopa, leading to unpredictable patterns of motor fluctuation
(Hardoff et al., 2001). In addition, these motor response fluctuations
can be improved by bypassing the stomach via a non-oral administrative
route, such as delivering levodopa directly into the small intestine or
intravenously (Mouradian et al., 1990; Nyholm et al., 2003).

In this study, we evaluated the pharmacokinetics of levodopa
(administered with carbidopa) under conditions of slowed gastroin-
testinal motility, a frequent scenario for patients with Parkinson's. To
verify the stabilization of levodopa concentrations, we administered
the treatment for two different periods of time, 7 or 14 days.

To reduce gastrointestinal motility and produce conditions that lead
to constipation, we administered biperiden in a rabbit model. Biperiden
is an antimuscarinic anticholinergic drug used in the symptomatic
treatment of parkinsonism including the alleviation of the extrapyra-
midal syndrome induced by drugs, such as phenothiazines, but, like
other antimuscarinics, is of no value against tardive dyskinesias.
Anticholinergics may decrease the amount of levodopa absorbed by
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delaying gastric emptying and therefore increasing the metabolism of
levodopa, but we have not found any study about the interaction
between levodopa and biperiden.

2. Materials and methods

For this study, we used 12 healthy New Zealand white rabbits
weighing 2.94 to 3.28 kg. 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 a 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 two groups of six rabbits
each. Both groups of animals received orally 20:5 mg/kg levodopa +
carbidopa (Sinemet®) and 100 pg/kg biperiden (Akineton®) daily for
7 days (Group 1) or 14 days (Group 2).

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

The first (day 1) and the last day (day 7 or 14, respectively) of
treatment, levodopa concentrations were determined at different
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sampling times after drug administration. To obtain blood samples,
we anaesthetized the rabbits with sodium pentobarbital (30 mg/kg
body weight, i.v.) and cannulated the left carotid artery with a silicone
catheter (Silastic medical-grade tubing, 1.02 mm inner diame-
terx 2.16 mm outer diameter). Drug administration was carried out
following the achievement of total recovery from anaesthesia. Blood
samples (3 ml) were obtained from the left carotid artery through the
cannula into heparinised containers, immediately before and at 5, 10,
20, 30, 60, 90, 120, 180, 240, and 300 min after administration.

To study the evolution of the maximum and minimum concentra-
tions through the study, we obtained two blood samples from the
marginal ear vein: immediately before (Cpi,) and at 20 min after drug
administration (Cyax) on days 3 and 5 (7-day treatment) and on days
3,6,9, and 11 (14-day treatment).

Immediately after blood sample collection, plasma was separated
by centrifugation and stored at — 20 °C until analysis.

Levodopa extraction from plasma samples was carried out by
using a catecholamine kit (Chromsystems®) and was quantified by
HPLC with electrochemical detection following the method described
by Cummings et al., in 1990, slightly modified.

The mobile phase consisted of 50 mM sodium dihydrogen
phosphate buffer adjusted to pH 2.9 with 1 M orthophosphoric acid
containing 250 mg/l heptanesulphonic acid and 80 mg/l EDTA and
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Fig. 1. Individual plasma concentrations of levodopa in rabbits after oral administration of 20:5 mg/kg levodopa + carbidopa with biperiden (100 pg/kg) for 7 days (day 1 -A-, and

day 7 -m-).
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methanol (90:10, v/v). This mobile phase was pumped at a flow rate
of 1 ml/min.

The analytical column was a 25cmx 4.6 mm L.D. stainless-steel
column, packed with Spherisorb ODS-2 (5 pm particle size, Waters
Chromatography SA, Madrid, Spain) and the potential applied was
500 mV. Interday and intraday accuracy and precision were within
10% and 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 observed.

Maximum plasma levodopa concentration (Cnax) and the time to
reach maximum concentration (t;.x) were read directly from the
individual plasma concentration-time curves.

The WinNonlin® computer program and formulae described by
Gibaldi and Perrier (1982) were used to calculate the model-
independent pharmacokinetic parameters. These parameters were the
elimination rate constant (A), the area under the plasma concentration-
time curve (AUC), the clearance (Cl/F), the volume of area (V,/F), the
volume of distribution at steady state (V/F), the half-life associated
with the A phase (t; 25 ), 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 intravenous AUC obtained in a
previous study (Garcia et al., 2005).

2.2. Statistical evaluation

All pharmacokinetic parameters were calculated for each animal and
presented as arithmetic mean =+ standard deviation (mean + SD). Data
were analysed using the Skewness test (to determine the normality)
and Cochran test (to determine the uniformity of the variance).

When the data were normal and there was uniformity in the
variance, the 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 Cpi, and Cyax 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 a uniformity in the variance, Kruskal-Wallis
test was used, and when the results were significant, Wilcoxon test
was used to assess differences between data sets. P<0.05 was used as
the level of significance for all analyses.
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Fig. 2. Mean plasma concentrations of levodopa in rabbits after oral administration of
20:5 mg/kg levodopa + carbidopa with biperiden (100 pg/kg) for 7 days.

Table 1

Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits
(n=6) after oral administration of 20:5 mg/kg levodopa/carbidopa and biperiden
(100 pg/kg) for 7 days.

Parameters Day 1 of 7 Day 7

X+s CV (%) X<£s CV (%)
A (min—") 0.0109+0.0041 38.52  0.0083 4 0.0020 16.34
AUC (ug min ml~')? 115.644+15.47 13.38 144.50+6.70 4.64
Crmax (g ml=1)2 1.734+0.08 5.07 1.994+0.16 8.24
tmax (Min) 20.00 4 - - 20.00 4 - -
Cl/F (lkg™ 'min~")® 175.49 4+ 22.92 13.06 138.66 4 6.56 473
V./F (lkg™1) 17.98 +6.72 37.38 17.094+2.61 15.29
Vis/F (Lkg=1)° 15.07 +2.36 15.63 12.58 +0.45 3.58
t1,2x (min)? 69.75+20.02 2870  8541+1235 14.45
AUMC (pg min’ml~ ') 99623+1767.5 17.74 13,181.8+15422 11.70
MRT (min)? 85.98+7.98 928 90.98+6.77 7.45
MAT (min) 59.02 64.02
F (%) 98.89 123.57

A\ — elimination rate constant; AUC — area under the plasma concentration-time curve;
Cmax — Maximum plasma levodopa concentration; ty.x — time to reach maximum
concentration; Cl/F — clearance; V,/F — volume of area; Vss/F — volume of distribution at
steady state; t1,, — half-life associated with the A phase; AUMC — area under the first
moment curve; MRT — mean absorption time; F (%) — fraction of levodopa absorbed.
2 Significant differences between day 1 and day 7 ( t-test, P<0.05).
b Significant differences between day 1 and day 7 (Wilcoxon test, P<0.05).

3. Results
3.1. 7-day group

Fig. 1 shows the plots as a function of time of individual plasma
levodopa concentrations obtained on days 1 and 7 from animals
(Group 1) after oral administration of 20:5 mg/kg levodopa+
carbidopa with biperiden (100 pg/kg). The mean plasma levodopa
concentrations obtained are shown in Fig. 2.

The pharmacokinetic parameters calculated after non-compart-
mental analysis are summarized in Table 1 and Table 2 gives the
values of Cipin and Cpax.

When levodopa + carbidopa was administered with 100 pg/kg of
biperiden over 7 days, the mean value of AUC obtained for levodopa
increased by 25% from day 1 (115.6pugminml~!) to day 7
(144.5 ug min ml~ '), and the difference was significant. Gy, increased
progressively with treatment duration (1.73pgml~! on day 1 and
1.99 pg ml~! on day 7) and was 15% higher on day 7 than on day 1
(P<0.05). In an assessment of the data obtained for Cyax through the
intermediate days, we found significant differences between day 1 and
the other sampling days (3, 5, and 7). Ciin, Was 24% higher on day 7 in
comparison today 3 (5.25 ug ml~ ! onday 3 and 6.51 pg ml~ ! onday 7)
with significant differences between days 3 and 5 and between days 3
and 7. Significant differences were also found for the rest of the
pharmacokinetic parameters calculated between days 1 and 7, except
for A and V..

Table 2
Values of Cpin and Cnax (ng/ml) obtained after oral administration of 20:5 mg/kg
levodopa/carbidopa and biperiden (100 pg/kg) for 7 days to rabbits (n =6).

X +5 (ng/ml) CV (%)
Cinin (0 min) Day 3 5.25+0.48 9.16
Day 5° 6.48+1.14 17.61
Day 7° 6.51+1.08 16.65
Cinax (20 min) Day 1 1729.60 -+ 87.67 5.07
Day 3? 1975.58 £ 201.47 10.20
Day 5% 2007.59 + 167.06 8.32
Day 72 1992.99 -+ 164.27 8.24

Significant differences: * with day 1; ® with day 3 (Duncan test, P<0.05). One way
ANOVA.

Cmax — maximum plasma levodopa concentration; Cp,;, — minimum plasma levodopa
concentration (before levodopa administration).
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Fig. 3. Individual plasma concentrations of levodopa in rabbits after oral administration of 20:5 mg/kg levodopa + carbidopa with biperiden (100 pg/kg) for 14 days (day 1 -A-, and

day 14 -m-).
3.2. 14-day group

Fig. 3 includes the plots as a function of time of individual plasma
levodopa concentrations corresponding to days 1 and 14 (Group 2)
and Fig. 4 the mean plasma levodopa concentrations obtained.

The pharmacokinetic parameters calculated after non-compartmental
analysis are summarized in Table 3 and Table 4 gives the values of Cy,
and Cax.

When the drugs were administered for 14 days, the increase in
AUC (110.5 ug min ml~ ' on day 1 and 147.3 g min ml~ ! on day 14)
was 33.4% on day 14 (significantly different from day 1). Similarly,
Cmax (1.72 ug ml~ ! on day 1 and 1.94 ug ml~ ! on day 14) was 12.8%
higher after 14 days of treatment (significant differences). Cuin
increased more than Cy. with the duration of the treatment
(5.95ug ml~! on day 3 and 8.77 pg ml~ ! on day 14), an increase of
47.4% by day 14. Significant differences were identified for compar-
isons of all the data obtained for Cp,;, except for values from days 11
and 14.

3.3. Comparison day 7 and day 14

We found no significant differences for any pharmacokinetic
parameters when comparing values obtained on day 7 and day 14.

However, mean plasma concentrations of levodopa at the different
sampling times were always higher on day 14 of treatment than on
day 7, except at four time points at which values were slightly lower:
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Fig. 4. Mean plasma concentrations of levodopa in rabbits after oral administration of
20:5 mg/kg levodopa + carbidopa with biperiden (100 pg/kg) for 14 days.



N. Ferndndez et al. / Autonomic Neuroscience: Basic and Clinical 156 (2010) 67-72 71

Table 3

Pharmacokinetic parameters obtained by non-compartmental analysis in rabbits
(n=6) after oral administration of 20:5 mg/kg levodopa/carbidopa and biperiden
(100 pg/kg) for 14 days.

Parameters Day 1 of 14 Day 14
X+s CV (%) X+s Qv (%)
A (min— 1) 0.0097 +£0.0011 11.97 0.0101+0.0018 17.98

AUC (pg min ml~1')? 11045+ 14.72 13.33 147.32+16.309 11.06

Conax (ng ml—1)? 1.72 4 0.09 543  1.9440.07 3.58
fmax (min) 20.00+ - = 20.00+ - =
Cl/F (1kg~'min—1)? 183.70+£2379 1295  137.20+15.69 1143
Vo/F (1kg™ ") 19.27 + 455 2363  13.89+267 19.24
Vio/F (1kg™1)? 15.76+1.78 1130  12.93+123 955
t1/2x (min)? 722941009 1396  70.39+11.45 1627
AUMC (ug min?ml~')* 95446+1664.1 17.44 13,957.4420103 14.40
MRT (min)? 86.10-£4.75 552 94504548 5.79
MAT (min) 59.14 67.54

F (%) 94.45 125.98

A\ — elimination rate constant; AUC — area under the plasma concentration-time curve;

Cmax — maximum plasma levodopa concentration; ty.x — time to reach maximum

concentration; Cl/F — clearance; V,/F — volume of area; Vss/F — volume of distribution at

steady state; t;,2, — half-life associated with the A phase; AUMC — area under the first

moment curve; MRT — mean absorption time; F (%) —fraction of levodopa absorbed.
¢ Significant differences between day 1 and day 14 ( t-test, P<0.05).

20 min (1993 vs 1943 ng/ml); 30 min (1352 vs 1301 ng/ml); 90 min
(626 vs 583 ng/ml) and 120 min (396 vs 351 ng/ml).

4. Discussion

In this study, we evaluated the influence of slowed gastrointestinal
motility on the pharmacokinetics of levodopa/carbidopa in rabbits
over 7 or 14 days. Gastrointestinal motility was reduced by oral
biperiden administration. To verify the stabilization of levodopa
concentrations, we administered the treatment for two different
periods of time, 7 or 14 days.

Most antiparkinsonian drugs are delivered orally; therefore, their
rate of absorption from the gastrointestinal tract is important in
achieving a beneficial clinical effect. One of the important factors
affecting the absorption rate from the gastrointestinal tract is the
stomach emptying rate (Hardoff et al., 2001). Thus, delayed gastric
emptying and, consequently, delayed levodopa arrival at intestinal
absorptive sites can cause erratic drug responses. Retention of
levodopa in the stomach also increases its exposure to the dopa
decarboxylase present in the gastric mucosa; this enzyme can convert
the levodopa to dopamine, rendering it unavailable for intestinal
absorption (Pfeiffer, 2003). These absorptive vagaries may constitute
one mechanism for the development of motor fluctuations in

Table 4
Values of Ciin and Cpax (ng/ml) obtained after oral administration of 20:5 mg/kg
levodopa/carbidopa and biperiden (100 pg/kg) for 14 days to rabbits (n=6).

X £ (ng/ml) CV (%)
Crnin (0 min) Day 3 5.95+1.45 24.40
Day 6° 6.61+1.49 22.46
Day 9"¢ 7.07 +£1.75 24.71
Day 11P<¢ 7.95+2.04 25.62
Day 14P<4 8.77 +£2.04 23.22
Crnax (20 min) Day 1 1719.57 +93.39 5.43
Day 3% 1568.96 +116.32 7.41
Day 6 1629.72 +110.02 6.75
Day 9° 1705.15+132.76 7.79
Day 11P<d 1837.12 +75.98 4.14
Day 14*0<4 1943.49 + 69.53 3.58

Significant differences: * with day 1; ” with day 3; © with day 6; ¢ with day 9 (Duncan
test, P<0.05). One way ANOVA.

Cmax — maximum plasma levodopa concentration; Gy, — minimum plasma levodopa
concentration (before levodopa administration).

individuals with Parkinson's disease (Djaldetti et al., 1996; Kurlan
et al., 1988).

The mean values obtained for the different pharmacokinetic
parameters on day 1 in both groups (7 and 14 days of treatment)
were very similar.

Previous studies were carried out administering levodopa/carbi-
dopa in a single dose (Fernandez et al., 2005) and after repeated
administration (for 7 or 14 days) to rabbits with normal gastrointes-
tinal function (Fernandez et al., in press). The repeated administration
was carried out to stabilize levodopa concentrations, and higher
values for AUC, Cpax and Cnin, were obtained after 7 or 14 days
(Fernandez et al., in press).

The values obtained for AUC on day 1 of treatment in this study
were lower than those obtained after administration of the same dose
of levodopa/carbidopa to rabbits with normal gastrointestinal
function after single (Fernandez et al., 2005) or repeated administra-
tion (Fernandez et al, in press). However, after 7 or 14 days of
treatment, these differences had diminished a great deal: the value for
AUC on day 7 was 144.5 ug min ml~ ! in this study, and that obtained
by Fernandez et al. (in press) was 150.4 ug min ml~ . Similarly, AUC
on day 14 in the present study was 147.3 ugminml~! and
157.5pg min ml~ ! in rabbits with normal gastrointestinal motility
(Fernandez et al., in press).

The values of C,.x showed more important differences. In this study,
on day 1 of treatment (1.73 ug ml~ ' day 1 of 7,and 1.72 ug ml~ ' day 1
of 14), this parameter was lower than that obtained in a previous study
when gastrointestinal motility was not slowed after a single adminis-
tration of the drugs (2.74ug ml™!, Fernandez et al, 2005) as well
as after repeated administration: 2.47 uygml~!day 1 of 7, and
255ug ml~'day 1 of 14 (Fernandez et al., in press). On day 7 of
treatment, the values of G, in the current work were much lower than
in the previous work (normal gastrointestinal motility): 1.99 ug ml~ ' vs
2.70 ug ml~ ! (Fernandez et al., in press). The results on day 14 were
very similar: 1.94 ug ml~! vs 2.71 ug ml~ ! (Fernandez et al,, in press).

The tax value obtained in this study (20 min) was the same as that
obtained in previous studies carried out in rabbits after a single
(Fernandez et al., 2005) or a repeated (Fernandez et al., in press)
administration of the same dose of levodopa/carbidopa.

On the other hand, levodopa concentrations at the final sampling
times are always higher than those obtained without biperiden in a
previous study (Fernandez et al., in press). Thus, in our group of
animals treated for 7 days, plasma levels were higher after 90 min on
day 1, and after 120 min on day 7. The second group of rabbits
presented higher final concentrations after 120 min on day 1 and after
90 min on day 14.

Regarding elimination parameters, the value of CI/F on day 1 of
treatment was slightly higher in this study than that obtained when
the gastrointestinal motility was normal (Fernandez et al., in press).
However, at the end of the treatments (7 or 14 days), both values
were very similar. On the other hand MRT was always higher in this
study.

5. Conclusions

Our findings suggest that the gastrointestinal impairment caused
by biperiden in rabbits initially diminishes the extent of levodopa
absorbed. However, the rate of absorption is not affected in the same
way: the value of ty.x remains similar with or without biperiden,
although final higher concentrations are achieved.

If these findings translate to people, constipation might initially
affect the extent of levodopa absorption, although over the course of
treatment absorption may achieve normal levels. However, other
parameters remained altered throughout treatment, such as Cpax,
Cmin, and MRT. Thus, it is possible that in humans, gastrointestinal
autonomic disorders may contribute to the modifications produced in
levodopa pharmacokinetics. Efforts to avoid these modifications may
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improve the effectiveness of levodopa treatment. As several authors
have indicated, as the disease progresses, the synaptic dopamine
concentrations and clinical effect become strictly dependent on
plasma levodopa concentrations, and factors affecting peripheral
levodopa pharmacokinetics become critical to the therapeutic
response (Nutt, 1987; Contin et al., 1996).
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