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SUMMARY

Levodopa pharmacokinetics show important inter- and intraindividual differences when it is adiministered by the oral route. As a result of fluctu-
afing drug plasma concentrations, patients may develop motor fluctuations and dyskinesias. Therefore, it is important lo perform studies on levodopa
pharmacokinetics in the same individual. The aim of this study was to coniribute 1o a better knowledge of the evolution of the pharmacokinetics of lev-
odopa administered with carbidopa. The study involved the oral administration of 20/5 mg/kg levodopa/carbidopa to rabbits for fwo different time
perieds (7 or 14 days), due to the fact that inhibition of aromatic L-mnino-acid decarboxylase by carbidopa is not immediate. After 7 days of treat-
ment, the levodopa AUC increased by 12.6% from day 1 (range: 114.2-150.7 ug.min/ml) to day 7 (range: 131.1-166.0 Lig.min/ml) and C, _increased
by 9.6% (range: 1.90-2.86 pg/ml on day I and 2.12-3.13 pghml on day 7). After 14 days of treasment, the increase in AUC was 17.0% {(range:
119.6-160.1 pyg.min/ml on day I and 142.9-172.7 ug.min/ml on day 14) and C,. increased by 6.5% (range: 2.29-2.96 pg/mi on day [ and 2.41--3.07
Hg/mi on day 14). The values obtained for C_, (sample obtained immediately before levodopafcarbidopa administration} in bath groups increased
progressively with the duration of the treatment. C,,_and AUC values were very similar afier 7 or 14 davs of treatment. The titne needed for C, . sia-

bilization was slightly highes; because we found significant differences until day 11 of Ireatment. Copyright 2008 Prous Scieace, 8.A.U. or its licensors. Al rights

reseryed.
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INTRODUCTION

Levodopa remains the most effective drug in the
management of Parkinson’s disease, despite the fact that
it was infroduced into therapy more than 40 years ago.
After oral administration, levodopa undergoes marked
presystemic and systemic decarboxylation, and it is
almost always administered in combination with a
peripherally acting inhibitor of aromatic L-amino-acid
decarboxylase (LAAD), ie., carbidopa or benserazide.
With coadministration of a peripheral decarboxylase
inhibitor, levodopa bioavailability markedly increases
and its side effects decrease. However, the rate and extent
of levodopa absorption show important inter- and intrain-
dividual differences, mainly related to the progression of
the disease. Woitalla ef al. (1) found that levodopa avail-
ability improved with disease progression due to the
deterioration of the peripheral activity of metabolizing
enzymes or to increasing enteric dysfunction with subse-
quently improved ducdenal [evodopa absorption, or
bath.

There are numerous factors that can modify levodopa
pharmacokinetics, such as gastric emptying, the pH of

gastric juice, the presence of food, different individual
requirements of the LAAD inhibitor and active transport
from the intestine to the blood, which can be affected by
large neuiral amino acids. On the other hand, the impact
of body weight on pharmacokinetics is well known
(24}, and in clinical practice, drugs are often adminis-
tered according {o the patient's body weight.
Nevertheless, patients with Parkinson's disease are usual-
ly treated with standard doses of levodopa/carbidopa
without any adjustment of the dose according to body
weight. Arabia et al. (4) found that body weight and AUC
and t,, were significantly and inversely correlated.
Consequently, the mean pharmacokinetic data reported
in different research papers are very different {e.g., t o OF
0.5-2 h and plasma t,,, of 1-3 h) and show high coeffi-
cients of variation.

After several years of levodopa (reatment, patients
may develop involuntary movements {levodopa-induced
dyskinesias} as a result of fluctuating drug plasma con-
centrations. Koller ef al. (5) reported that the motor fluc-
tnations and dyskinesias could be minimized by using the
lowest possible levodopa dose throughout the years of
treatment; thus, to establish the most effective treatment
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regimen for levodopa, it would be advisable io monitor
the patient.

The aim of this study was to contribute to a better
knowledge of the evolution of the pharmacokinetics of
levodopa administered with carbidopa. Because the inhi-
bition of LAAD is not immediate (6), levodopa/car-
bidopa was administered for two different time periods
(7 and 14 days), with the aim of establishing the stabi-
lization period.

MATERTALS AND METHODS

Animals and experimental procedures

Twelve heaithy New Zealand white rabbits weighing
2.73-3.24 kg were used. The animals were housed in
individual metal cages, which allowed the isolation of
feces in a lower container to avoid coprophagia. The
environmental conditions were humidity 55 + 10%, tem-
perature 19 + 2 °C ahd a 12-h light—dark cycle. Rabbits
were maintained under these conditions at least 1 week
before the assay, with free access to water and standard
laboratory chow.

The rabbits were randomly divided into two groups
(groups A and B) of 6 rabbits each. All the animals of the
first group received 20 mg/kg oral levodopa and 5 mg/kg
oral carbidopa (Sinemet®) dispersed in water for 7 days.
The drugs were administered by gastric intubation every
morning at the same time. A total of 50 ml water was
used for administration and cannula cleaning, The rabbits
of the second group received the same treatment but for
14 days. The first (day 1) and the last day (day 7 or 14)
of treatment, levodopa concentrations were determined
at different sampling times. To obtain the blood samples,
rabbits were anesthetized with sodium pentobarbital (30
mg/kg iv.) and the left carotid artery was cannulated
with a silicone catheter (Silastic Medical-grade tubing,
1.02-mm inner diameter X 2.16-mm outer diameter).
Drug administration was carried out after total recovery
from anesthesia. Blood samples (3 ml) were obtained
from the left carotid arfery through the cannula into
heparinized containers before and at 5, 10, 20, 30, 60, 90,
120, 180, 240 and 300 min after levodopa/carbidopa
administration. In the animals of the first group, two
blood samples were obtained before (C ;) and at 20 min
after drug administration (C__ ) on days 3 and 5 from the
marginal ear vein. In the second group, these samples
were obtained on days 3, 6, 9 and 11. Immediately after
the collection of blood samples, plasma was separated by
centrifugation and stored at —20 °C until analyzed.

Levodopa extraction from plasma samples was car-
ried out by using a catecholamine kit (Chromsystems®)
and quantitated by high-performance liquid chromatog-
raphy (HPLC) with electrochemical detection. Neither
heparin nor pentobarbital interfered in the assay.

Pharmacokinetic studics

Pharmacokinetic analysis was performed based on a
noncompartmental description of the data observed.
Maximum plasma levodopa concentration (C ) and the
time to reach maximum concentration (t__) were read
directly from the individual plasma concentration—time
curves. The WinNonlin computer program and a formu-
la described by Gibaldi and Perrier (7) were used to cal-
culate the model-independent pharmacokinetic parame-
ters. These parameters were the elimination rate constant
(A), area under the plasma concenfration—time curve
(AUC), clearance (CI/F), volume of area (V /F), volume
of distribution at steady state (V_/F), half-life associated
with the A phase (t,,,, ), area under the first moment curve
{AUMC) and mean residence time (MRT). The fraction
of levodopa absorbed (F%) was calculated by dividing
the mean AUC by the value of the mean iv. AUC
obtained in a previous study (4) after the administration
of levodopa alone.

Statistical analysis

Al pharmacokinetic parameters were calculated for
each animal, and the data were presented as arithmetic
mean + standard deviation (mean + SD). Data were ana-
Iyzed by the Skewness test (to determine normality) and
the Cochran test (to determine uniformity in variance).
When the data were normal and there was uniformity in
variance, the ¢ test was used to evaluate differences
between days 1 and 7 and between days | and 14. When
the data were not normal and/or there was not uniformi-
ty in variance, the Wilcoxon test was used. To evaluate
the differences in C_, and C__, a two-way analysis of
variance (ANOVA) was carried out, and Duncan's test
was used to determine differences between daia sets.
When the data were not normal or there was no unifor-
mity in variance, the Kruskal-Wallis test was used, and
when the results were significant, the Wilcoxon test with
Bonferroni correction was used to assess differences
between data sets. P < (.05 was used as the level of sig-
nificance for all analyses.

RESULTS

The plots of the values obtained in each animal for
plasma levodopa concentration as a function of time
obtained on days 1 and 7 (group A) after oral administra-
tion of 20/5 mg/kg levodopa/carbidopa are shown in
Figure 1, and the values determined on days 1 and 14
(group B) appear in Figure 2. Figure 3 includes the mean
values of plasma levodopa AUC obtained in the two
groups studied. The noncompartmental pharmacokinetic
parameters obtained after the administration of 20/5
mg/kg levodopa/carbidopa to animals of groups A and B
are summarized in Tables 1 and 2, respectively. Tables 3
and 4 include, respectively, the values for C_, and C
obtained in group A (7 days of treatment} and group B
(14 days of treatment). The determinations were carried
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FIG. 1. Individual plasma concentrations of levodopa in rabbits after oral administration of 20/5 mg/kg levodepafcarbidopa for 7 days (group A).

out in blood samples obtained before the administration
of levodopa/carbidopa and 20 min after administration.
The t_, was determined from the AUC obtained on day
1 of treatment and was the same as that found in a previ-
ous study (8).

When levodopa and carbidopa were administered for
7 days, the AUC obtained for levodopa increased 12.6%
from day 1 to day 7 (significant difference) and C_
increased 9.6% (significant difference). When these
drugs were administered for 14 days, the increase in
AUC was slightly greater (17.0%, significant difference)
and the increase in C___slightly lower (6.5%; significant
difference). The concentrations of levodopa were higher
after 14 days of treatment than after 7 days, except at
three sampling times: 5 min (650 ng/ml vs. 648 ng/ml),
90 min (649 ng/ml vs. 526 ng/ml) and 120 min (296

ng/ml vs. 288 ng/ml}. For the C__ obtained in the inter-
mediate days, in group A, there were significant differ-
ences between day | and the other sampling days (3, 3
and 7), and between days 3 and 7. In group B, these dif-
ferences were found between day 1 and the other sam-
pling days (3, 6, 9, 11 and 14), between day 3 and the
other sampling days (6, 9, 11 and 14), and between days
6 and 9. The values obtained for C_. in both groups
increased progressively with the duration of the treat-
ment. Thus, C_. increased by 10.9% from days 3 to 7
and 25.7% from days 3 to 14. In group A, there were sig-
nificant differences for this parameter between days 3
and 5 and between days 3 and 7. After comparing the
data obtained in group B, we found significant differ-
ences for all data except between values for days 11 and
14.




454 N. Ferndndez et al./Methods Find Exp Clin Pharmacol 2008, 30(6): 451-457

3500
3000 Animai 1
2500 -
2000
1500
1000

500

Concentration (ng/mi)

0 T T T ¥
4] 60 120 180 240 300

Time {minutes)

. 3500
3000 - Animal 3
2500 -
2000
1500 -
1000

600 |
[

Concentration {ng/ml}

0 60 120 180 240 300

Time {minutes)

3500
3000 Animal 5
2500 +
2000
1500
1000

500 -

Concentration (ng/ml)

0 T T T ' T
0 60 120 180 240 300

Time {minutes})

3500
3000 | Animal 2
2500 —
2000 —
1500
1000

500

0 T T 1 T
0 B0 120 180 240 300

Concentration (ng/mil)

—

Time {minuies)

3500
3000 Animal 4
2600 -
2000 4
1500
1000

500

Concentration {(ng/mi)

-

0 T 1 T 1
0 60 120 180 240 300

Time (minutes)

3500
3000 Animal 6
2500
2000 -
1500 4 \
1000 -
500
g -

0 80 120 180 240 300

Caoncentration (ng/mil)

Time (minutes)

FIG 2. Individual plasma concentrations of levodepa in rabbits after oral administration of 20¢5 mg/kg levodopa/carbidopa for 14 days (group B).

The mean clearance obtained in both groups was very
similar on day 1 and slightly lower on days 7 and 14:
0.149 + 0.015 Vkg/min on day 1 in group A; 0.151 +
0.016 l/kg/min on day 1 in group B; 0.134 + 0.014
Vkg/min on day 7 and 0.128 £+ 0.009 Vkg/min on day 14
(significant differences). Other parameters (A, t,,,, V_,
V,and t ) did not vary significantly between day | and
days 7 or 14.

Regarding MRT, this parameter showed no signifi-
cant differences between days [ and 7, but increased sig-
nificantly between days 1 and 14.

DISCUSSION

When levodopa is orally administered, the pharmaco-
kinetics, as determined by us and other authors (§-14),
are generally noncomparimental, perhaps due fo the

marked fluctuations in plasma concentrations caused by
the peculiar characteristics of levodopa. In this study, we
carried out a compartmental analysis of the results
obtained, but the plasma concentration—time data were
not adequately fitted to the classic open compartmental
maodels (one-, two- and three-compartment models) test-
ed.

The understanding of levodopa pharmacokinetics has
special importance hecause of its extensive presystemic
metabolism, its rapid absorption in the proximal small
intestine and its very short plasma half-life (14). One of
the important factors affecting the rate of absorption of
levodopa from the gastrointestinal tract is the stomach
emptying rate. A slow emptying rate may delay and
lower the peak plasma concentration and reduce the clin-
ical efficacy of levodopa freatment (15). On the other
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FIG. 3. Mean plasma concentrations of levodepa in rabbits after oral
administration of 20/5 mg/kg levedopalcarbidopa (LD/CDY) for 7 days
(group A) and for 14 days (group B).

hand, the evalvation of the pharmacokinetics of levodopa
is complicated by the presence of carbidopa, because car-
bidepa influences both the absorption and the systemic
elimination of levodopa (16-18).

The values determined in both groups (7 and 14 days)
for C  onday 1 (2.47 and 2.55 pg/ml, respectively) are
very similar to the values reported by Ferndndez ef af. (8)
after the oral administration of the same dose of levodopa

ot carbidopa to rabbits (2.74 pug/ml). After 7 or 14 days
of treatment, C___increased significantly, the value being
very similar in both groups (2.70 and 2.71 pg/ml, respec-
tively).

The AUC obtained on day 1 of both groups (134
pg.min/ml in group A and 136 pg.min/ml in group B} was
slightly lower than the values calculated by Fernindez
et al. (8) (155 pg.min/ml). These small variations may
be due to the lack of stabilization of carbidepa action,
After 7 days of treatment, this parameter increased to
150 pgmin/ml, and after 14 days it was very similar
(158 pg.min/ml).

Regarding t, ., this parameter was similar in both
groups (20 min) to that reported in dogs (0.16 h) (19), the
same as that reported by Fernandez ef al. (8) in rabbits
and higher than that determined when levodopa was
administered alone (10 min) (9). The values found in
men are higher, ranging from 30 min to 2 h (20-22). The
differences in humans can be due to species-specific
characteristics and also to the fact that studies in humans
are carried out in patients with Parkinson's disease and
the disease stage can influence levodopa pharmacckinet-
ics (12),

The levodopa half-life is short even with the con-
comitant intake of LAAD inhibitors, ranging from 0.7 to
1.4 h in Parkinson’s patients undergoing long-term treat-
ment (20, 23, 24). The values obtained for the plasma
elimination half-lives of levodopa (56.4 min in group A
and 53.7 min in group B) fall within this range and are
similar to the values reported by Fernindez ef al (8)
when orally administered with carbidopa (51.4 min) and
to those reported by Garcia ef @l (9) when administered
alone (68.4 min). These values are longer than those
reported by Sasahara et al. (25) after i.v. bolus injections
(0.65 h) and by Grange et al. (26) in rats after oral admin-
istration of levodopa alone (0.403 h). When these authors
used levodopa combined with benserazide, the value
obtained (0.834 h) was similar to ours.

TABLE 1. Pharmacekinetic parameters obtained by noncompartmental analysis in rabbits after oral administration of 20/5 mg/kg lev-

odopa/carbidopa for 7 days.

Day 1 Day 7
Parameters Mean + SD Range CV (%) Mean = SD Range CV (%)
A (min) 0.0134 + 0.0041 0.0082-0.0181 30.73 0.0123 % 0.0020 0.0093-0.0153 16,34
AUC (ug.minfml)y* 133.6 £ 13.46 114.2-150.7 10.08 1504+ 15.33 131.1-166.0 10.19
C .. (ng/ml)* 2474037 1.90-2.86 15.03 2.70£0.37 2.12-3.13 13.34
by () 20.0 - 20.0 - -
CVF (I/kg/min)* 0.151 £ 0.016 0.133-0.175 10.36 0.134 £ 0.014 0.120-0.153 10.75
V/F (Vkg) 125+495 7.73-19.79 39.61 11.22 £2.80 8.42-16.34 2492
V /F (Ukg) 876+ 1.10 7.63-10.68 12.55 8.06 £ 1.09 7.17-9.69 13.55
11y, (min) 564+ 18.16 38.3-84.5 32.18 57.6+9.89 45.3-74.5 17.18
AUMC (pg min®/ml)* 7910 + 692 6961-8670 .75 8994 4+ 794 7890-10,112 8.83
MRT (min) 57.9+2.56 55.1-61.2 442 59.9+2.30 56.7-63.6 3.84
F (%) 114.25 - - 128.61 - -

*Significant differences between day 1 and day 7 (¢ test, P < 0.05). CV, coefficient of variation; SD, standard deviation.




456 N. Ferndndez et al./Methods Find Exp Clin Pharmacol 2008, 30(6): 451-457

TABLE 2. Pharmacokinetic parameters obtained by noncompartmental analysis in rabbits after oral administration of 20/5 mg/kg

levodopa/lcarbidopa for 14 days.

Pay 1 Day 7

Parameters Mean £ SD Range CV (%) Mean + SD Range CV (%)
A (mint) 0.0135 & 0.0027 0.0088-0.0161 19.83 0.0111 + 0.0026 0.0078-0.013¢  23.61
AUC (ug.min/mD* 1358+ 14.15 119.6-160.1 10.42 157.5 £ 11.59 142.9-172.7 7.36
Coe (ug/ml)* 2.554+027 2.20-2.96 10,42 2714024 2.41-3.07 8.96
T (i) 20.0 - - 20.0 - -
CUI/E (Vkg/min}y* 0.149 £ 0.015 0.125-0.167 9.89 0.128 £ 0.009 0.116-0.140 6.99
V[ (kg) 11.5+2.80 8.93-16.32 24.44 [2.03 =249 9.74-16.17 20.74
V. J/F (Vkg) 863+ 1.11 7.48-10.32 12.89 8.11 £ (.48 7.53-8.80 592
15 (miiny) 53,7+ 1327 43.0-78.8 24.72 659+ 16.5 49.9-88.9 25.12
AUMC (pug.min¥mly* 7878 £ 963 71479719 12.23 10255 + 1681 8197-12071 16.39
MRT (min) 58.1+3.74 52.0-61.7 6.44 63.6 + 5.64 57.3-70.0 &.80
F (%) 116.09 - 134.67 -

#Significant differences between days 1 and [4 (¢ test, P < 0.05). CV, cosfficient of variation; 5D, standard deviation.

TABLE 3. Values of C_,_ and C_ _(mg/ml) obiained after oral adminisiration of 20/5 mg/kg levodopalcarbidopa for 7 days to rabbits.

Animal
1 2 3 4 5 6 Mean + 8D CV (%)
Cip (0 min) Day 3 0.0060 0.0059 0.0067 0.0069 0.0093 0.0098 0.0074 % 0.0017 2274
Day 5* 0.0063 0.0061 0.0070 0.0077 0.0101 0.0110 0.0081 + 0.0021 25.66
Day 7* (.0062 0.0057 0.0074 0.0090 0.0105 0.0106 0.0082 £ 0.0021 25.92
C,., (20 min) Day 1 2.86 2.14 2.52 2.66 2.72 1.0 2.47+0.37 15.03
Day 3° 3.09 2.02 271 272 3.80 2.16 2.58 4= 0.41 15.83
Day 5° 3.08 212 2.80 2.75 2.86 231 2.65+ 036 13.64
Day 71 3.13 212 2.87 2.719 2.93 240 2.70 £ 0.37 13.84

Significant differences: *with day 3; ®with day 1 (Duncan test, P < 0.05). CV, coefficient of variation; SD, standard deviation.

TABLE 4. Values of C_, and C_ _ (mg/ml) obiained after oral administration of 20/5 mg/kg levodopa/carbidopa for 14 days to rabbits.

Animal
1 2 3 4 5 6 Mean + SD CV (%)
C,;. (0 min) Day 3 0.0060 0.0078 0.0054 0.0063 0.0103 0.0056 0.0069 + 60.0019 27.15
Day &7 0.0065 0.0087 0.0064 0.0066 0.0104 0.0008 0.0076 £ 60.0016 21.49
Day 9 0.0073 0.0088 0.0069 0.0074 0.0110 0.0068 0.0080 + 60.0016 20.08
Day 112b.° 0.0076 0.0090 0.0074 0.0079 0.0113 0.0080 0.0085 + 60.0015 17.26
Day 14=b.¢ 0.0077 0.0090 0.0078 0.0082 0.0118 0.0076 0.0087 + 60.0016 18.32
C,. (20min) Day]l 2.96 233 218 2.29 2,49 243 2.55 4 60.27 10.42
Day 3¢ 2.99 233 21 237 2.57 247 2.57+60.25 9.70
Day &%¢ 3.05 2.39 283 248 2.58 248 2.63 £ 60.25 9.60
Day 9304 311 241 2.81 2.50 2.65 2.50 2.66 + 60.20 9.74
Day 1134 3.04 2.39 2.86 2.54 2.69 249 2.67+60.25 921
Day 14%%¢ 3.07 241 2.90 261 275 2.53 2.71 £ 60.24 8.96

Significant differences: *with day 3; Pwith day 6; "with day 9; “with day 1 (Duncan test, P < 0.05). CV, coefficient of variation; SD, standard deviation.

The results obtained in this study indicate that the
inhibitory effect of carbidopa on LAAD appears rapidly.
Thus, C_,, and AUC values were very similar after 7 or
14 days of treatment. The time needed for C_, stabiliza-
tion was slightly greater, because we found significant
differences until day 11 of treatment.

There is growing recognition that gastrointestinal
dysfunction is common in Parkinson's disease. Virtually

all parts of the gastrointestinal tract can be affected, in
some cases early in the disease course. Bowel dysfinc-
tion can consist of both slowed colonic transit with con-
sequently reduced bowel movement frequency, and diffi-
culty in the act of defecation itself with excessive
straining and incomplete emptying.

According to several authors (27), the "delayed-on"
(prolonged latencies to onset) phenomenon and "non-en"
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(treatment failure) phenomenon are related to alterations
in the gastrointestinal fransit time and absorption of lev-
odopa. Several authors have indicated that the induction
of on/off phenomena and dyskinesias may be the result
of an active process of adaptation to variations in brain
and plasma levodopa levels. In this way, when levodopa
concentrations are maintained at a constant level by i.v.
infusion, dyskinesias and fluctuations are greatly reduced
(28, 29. In conclusion, further studies should be carried
out to evaluate the pharmacokinetics of levodopa admin-
istered with carbidopa when gastrointestinal function is
altered to simulate a situation similar to that found in
clinical practice.
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