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Introduction

Levodopa is the most efficacious and best tolerated
antiparkinsonian compound. Coadministration of
aromatic amino acid decarboxylase inhibitors mark-
edly reduces the peripheral degradation of levodopa
[18]. To date, most studies on levodopa plasma levels
investigated the pharmacokinetic behaviour of various
available standard and sustained release levodopa
preparations mostly in healthy volunteers or early pa-
tients with Parkinson’s disease (PD) [6, 31]. However,
chronic antiparkinsonian drug intake may alter levo-
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relation to the scored intensity of
PD. Subjects and Methods We
administered water soluble
100 mg levodopa and 25 mg
benserazide to 50 PD patients,
taken off medication for at least
12 hours, and assessed the levo-
dopa plasma concentrations dur-
ing an 180 minutes period under
standardised conditions. Results
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dopa metabolism and thus appearance in plasma [16,
31]. Further important influencing factors are con-

comitantly applied: anticholinergic antiparkinsonian
drugs, alterations of the large neutral amino acid gas-
trointestinal transport system and gastric emptying
velocity [16, 17, 29, 31]. In contrast to the conventional
levodopa preparations, pharmacokinetic behaviour of
levodopa of soluble levodopa formulations is more
independent of gastric emptying speed. Liquids enable
an easier, faster gastrointestinal transit and therefore
their absorption is more independent of the gastric
emptying interval and other putative impacting vari-
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ables. Therefore such a trial with liquid levodopa after
oral intake may be of interest, since the optimum
duodenal delivery of levodopa, the continuous levo-
dopa infusion, contributed to more stable levodopa
plasma concentrations and thus reduced motor fluc-
tuations in PD patients [26]. Additionally, new neuro-
pathological findings and a corresponding novel
clinical staging of PD put emphasis on reduced gas-
trointestinal motility as one of the initial and later
events in PD [9, 24]. This may also influence duodenal
and jejunal resorption and subsequent plasma
appearance of levodopa, its metabolism and its efficacy.
Moreover it may contribute to onset of dyskinesia in
later stages of PD due to more intense fluctuations of
levodopa in plasma [22, 26, 29]. The aim of this trial was
to compare the pharmacokinetic behaviour of soluble
levodopa in PD patients in various stages of the disease
under standardised conditions, since an earlier trial
reported a reduced absorption of levodopa in previ-
ously untreated PD patients [17].

Subjects and Methods

Subjects

We enrolled 50 PD patients in various stages of PD into the study at
random. We subdivided them according to their increasing Unified
Parkinson’s Disease Rating Scale (UPDRS) total score in four
groups with nearly equal numbers for the fundamental statistical
analysis ([group] I: [UPDRS] < 35, N [number] = 12; II: 35 - 56, N
= 13; III: 57 - 72, N = 12; IV: >72 - 123; N = 13). Clinical char-
acteristics are given in table 1. Age did not significantly differ be-
tween groups [3]. They were on an additional stable drug regime
with one of the dopamine agonists bromocriptine, pergolide, ro-
pinirole, pramipexole or cabergoline. PD patients with gastric
motility influencing drug intake, H. pylori infection and complaints
of gastrointestinal symptoms did not participate [23]. All subjects
fulfilled clinical diagnostic UK Brain bank criteria for PD [12].

Design

The hospitalised PD patients only received one tablet, which con-
tained 100 mg levodopa and 25 mg benserazide [Madopar LT®], at
6.30 a.m. after an overnight fasting and without additional intake of
their regular antiparkinsonian compounds for at least 12 hours [16,
30]. We dissolved this only in Europe available levodopa/bense-
razide dispersible formulation in 100 ml water immediately before
administration [5]. Levodopa plasma levels were measured at fixed
time points (0, 15, 30, 45, 60, 90, 120, 150,180 minutes) between
6.30 a.m. to 9.30 a.m. All participants were on identical standard-
ized conditions until 9.30 a.m., they received an identical breakfast
(Fresubin Original® (content in 100 ml: protein 3.8 gram [g],
carbohydrate 13.8 g, fat 3.8 g, water 84 ml) at 6.00 a.m. and mostly
remained in the sitting position. We scored all PD patients at
baseline in the off state before levodopa intake with the UPDRS and
Hoehn and Yahr Scale in the morning [8, 10, 11].

Assessment of levodopa in plasma

We took 10 ml venous blood samples for levodopa estimation from
an antecubital vein through an indwelling cannula kept patent by
an infusion of heparin in saline solution (10 U/ml). We performed

venous puncture 20 minutes before the baseline investigation, to
enable stable conditions. 3 ml of blood was drawn with a separate
syringe and discarded before taking each 10 ml specimen. We
collected blood samples in EDTA-test tubes containing 100 pl of
0.5% sodium disulfite solution. The plasma obtained from rapid
centrifugation was immediately frozen at —80°C until analysis
within 14 days. We used reversed-phase high performance liquid
chromatography in combination with electrochemical detection for
the assessment of levodopa levels in plasma, which we diluted with
a factor of 1 : 1.95 before assessment.

Statistics

Data showed a normal distribution according to the Kolmogorow-
Smirnow test. As a result, we only performed parametric tests. We
calculated the total area under the curve (AUC) values and the
necessary interval (T,,) to reach the maximum concentration
(Cimax) of levodopa levels using the linear trapezoidal rule. We used
ANCOVA and set duration of PD, body mass index, the daily
levodopa dosage as covariates for comparisons between various
groups of PD patients (Analysis 1) [17, 19]. Staging of progression
of PD into groups of patients is crucial. Group I and II of our PD
patients were nearly identical, therefore we also analysed our data
by putting PD patients of groups I and II into one group ([term]:
A), whereas groups III (B) and IV (C) remained unchanged (AU-
THOR PLEASE CHECK THAT MY CHANGE IS CORRECT) iden-
tical (Analysis 2). Additionally we performed grouping according to
the HYS ranges (Analysis 3) and a subdivision in four groups (1: <
22,2:23 - 31, 3: 32 - 45, 4: > 46 [UPDRS III score] (Analysis 4). We
employed the Tukeys HSD-test for different numbers for the post
hoc analysis. We performed correlation analysis with Spearman
rank correlation, since we employed ordinal rating scales. We re-
garded p < 0.05 as significant.

Ethics

Each subject gave written informed consent. The ethical committee
of the university approved this study.

Results

Comparisons

Analysis 1

The computed levodopa AUC values were significantly
higher in more advanced PD patients (F(4r 3, ar 43) =
3.43, p = 0.025). The post hoc analysis only showed
significant differences between groups I and III (p =
0.04) and I and IV (p = 0.01). No further significant
differences were found (Table 1). The C.x of levo-
dopa in plasma did not significantly (Fgr 3, ar 43) =
2.68, p = 0.058) differ (Table 1).

Analysis 2

ANCOVAS of AUC (F(qr 2, ar 44) = 3.39, p = 0.042) and
Ciax (F@r 2, aF 44y = 3.59, p = 0.036) of levodopa in
plasma were significant. There were no significant
differences between groups A (N = 25, AUC: 34.67 *
17.60 [mean + SD] ng/ml*180 min; C.y : 338.13 +



Table 1 Patients’ characteristics and pharmacokinetic results
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F group | group Il group Il group IV

sex 8 men, 4 women 6 men, 7 women 9 men, 3 women 6 men, 7 women
LD exposure 3 de-novo, 2 LD-naive 5 LD-naive 1 LD-naive 2 de-novo
LD therapy 3.89% 25.20 + 27.65; 0-84 30.77 + 48.25; 0 — 120 50.25 + 47.68; 0 — 144 90.25 + 69.91; 0-192
age (years) ns 63.08 + 7.09; 47-73 65.62 + 7.98; 45 — 75 68.58 + 10.77; 42 - 81 66.38 + 6.83; 58 — 79
duration ns 62.33 £ 57.19; 12-216 95.23 + 134.87; 0 — 504 61.42 £ 51.43; 3 - 144 137 £72.12; 0 - 240

of PD
BMI ns 26.52 + 4.07; 22.10-34.96 2548 + 2.71; 20.20 — 27.78  25.83 + 2.10; 21.97 — 28.84  25.74 + 4.31; 20.83 - 32.46
daily oral 5.91** 213.54 * 202.50; 0-525 140.62 £ 227.31; 0 — 625 462.50 + 226.51; 0 — 850 425.00 = 256.78; 0 — 700

LD
UPDRS | 425 ** 242 £1.56;0 - 6 438 £2.10;2 -9 442 £323,0- 11 6 £2582-12
UPDRS I 28.05%** 525+3281-11 11.69 + 3.86; 4 — 18 16.83 + 4.59; 9 — 23 2546 + 891; 7 - 38
UPDRS Il 42.63%%* 17.83 + 4.67; 10-26 26.69 + 5.23; 19 — 37 37.67 + 7.33; 25 - 51 53.69 £ 12.94; 25 - 73
UPDRS IV 5.39** 1.50 £ 1.45;0 -5 2.08 +£2.40; 0 -7 383+3241-10 592 +423,0-15
UPDRS 95.57%** 27.00 + 5.36; 17-33 44.85 + 6.04; 35 - 56 62.75 £ 497; 57 - 72 91.08 £ 17.09; 73 — 123
HYS 26.971*** 142 £ 051;1 -2 177 £0.73; 1 -3 267 £089; 1 -4 3.62 £ 0.50; 2 - 4
Tinax [min] ns 75 + 30.98; 30 — 150 90 + 50.3; 15 - 180 120 + 36.46; 30 — 150 60 £ 45.6; 15 — 150

Crmax [ng/ml] ns

AuC 343 %

300.52 + 123.41;
77.00 - 551.01
27.75 + 11.95; 8.7 — 47.84

372.84 + 201.96;
186.00 — 881.35
41.07 £ 19.9; 11.22 - 8533

431.99 £ 167.62;
262.85 — 853.44
46.07 + 14.06; 31.2 — 76.25

498.31 £ 203.86;
203.96 — 847.63
48.95 + 17.35; 22.41 - 85.02

all data are shown as mean + standard deviation, minimum — maximum (except Ty,ac median + standard deviation; minimum — maximum); age is given in years,
duration of Parkinson’s Disease (PD) is given in months; AUC = value of Area under the curve calculation over the measured interval [#g/mI*180 minutes], Cayx =
maximum concentration, BMI = Body mass index; HYS = Hoehn and Yahr Scale, UPDRS = Unified Parkinson’s Disease Rating Scale (I: mental behaviour, II: activities
of daily living, Ill: motor examination, IV = complications of therapy); F = F value of the performed ANCOVA, * = p < 0.05, ** = p < 0.0T; **=p < 0.001,LD =
levodopa; LD therapy = duration of levodopa therapy in months (4 missing data in group Il and 1 in group 04), daily oral LD = daily oral levodopa dosage in mg; de-
novo = previously untreated PD patients, levodopa naive = treated PD without long-term levodopa intake, but on a previous long-term dopamine agonist regimen

169.51 pg/ml); B (N = 12, AUC: 46.10 + 14.06 ng/
ml*180 min; C,y ¢ 431.99 £ 167.61 pg/ml) and C (N
= 13, AUC: 48.95 + 17.35 ng/ml*180 min; Cp.x :
498.31 + 203.86 ug/ml) in the post hoc analysis.

Analysis 3

There were significant different differences between
computed levodopa AUC outcomes (Fr 3, dr 43) =
3.82, p = 0.016) and Cy,,.y values (Fr 3, ar 43) = 4.60, p
= 0.007). In the post hoc analysis, only the differences
between AUC results of groups HYS I and IV (I: N =
14, 30.60 + 11.60; II: N = 12, 37.78 + 20.33; III: N = 15,
46.64 + 15.23; IV: N = 9, 52.76 = 17.50 [mean + SD;
ng/ml*180 min]) were significant (p = 0.03). Cyax (It
282.48 + 80.46; II: 382.76 + 203.02; III: 465 + 197.42;
IV: 509.58 * 186.64 [mean + SD; pg/ml]) significantly
differed between HYS I and III (p = 0.036) and I and
IV (p = 0.038).

Analysis 4

Only the ANCOVA of AUC (F(dF 3, dF 46) — 3.10, P=
0.036; (1: N = 11, 29.20 £ 12.47; 2: N = 14, 43.45 +
20.67; 3: N =13, 40.55 + 15.03; 4: N = 12, 49.96 £ 16.37
[mean + SD; ng/ml*180 min]; post hoc comparison: 1
versus 4: p = 0.027) but not of Cyax (Fqr 3, dar 46) =
1.80, p = 0.16; 1: 306.57 £ 145.73; 2: 415.70 £ 227.93, 3:
384.93 + 129.70; 4: 493.25 + 198.77 [mean + SD; ng/
ml]) of levodopa in plasma turned out as significant.

There were no significant variations of the Ty«
outcomes. We found no significant differences of
AUC outcomes (Fqr 1, ar 45) = 0.15, p = 0.70; patients
without previous levodopa intake: 40.47 + 19.38; 35
levodopa treated patients: 41.40 + 17.22 [mean * SD;
ng/ml*180 min]) and Cpy,x results (F(4r 1, dr 45) = 0.02,
p = 0.89; patients without previous levodopa intake:
391.27 £ 199.32; levodopa treated patients: 407.03 +
185.66 [mean * SD; ng/ml]) between PD patients with
and without prior levodopa therapy.

Correlation analysis

The correlation analysis revealed significant associa-
tion between the various UPDRS scores and the HYS
ranges and both levodopa AUC - and Cp,., values
(Table 2, Figure 1).

Discussion

We show relationships between intensity of PD and
levodopa plasma availability after oral intake of a
soluble levodopa formulation. Thus our trial confirms
pharmacokinetic investigations in more advanced PD
patients with standard levodopa preparations, which
report a significant enhancement of levodopa avail-
ability [4, 20, 21]. These studies also described an
increase of Cp,.y and variations of T« of levodopa
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Table 2 Correlation analysis of computed pharmacokinetic results of levodopa
plasma levels and rating scores

variable 1 variable 2 R

AuC UPDRS | 0.13
AUC UPDRS I 0.43%*
AuC UPDRS Il 0.32%*
AUC UPDRS IV 0.26
AUC UPDRS 0.42%*
AuC HYS 0.48%**
Crnax UPDRS | 0.04
Crnax UPDRS I 0.40%*
Crnax UPDRS Il 0.34*
Crnax UPDRS IV 0.27
Crnax UPDRS 0.39**
C HYS 0.49%**

max

R = Spearman correlation coefficient, AUC = value of area under the curve
calculation over the measured interval, C,.x = maximum concentration, HYS =
Hoehn and Yahr Scale, UPDRS = Unified Parkinson’s Disease Rating Scale (I:
mental behaviour, II: activities of daily living, Ill: motor examination, IV =
complications of therapy), dyskinesia = score of UPDRS IV for dyskinesia;
*=p <005 * =p<001;* =p < 0001

s AUCLD
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70 4 L]
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30
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20 - n
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Fig. 1 Correlation between AUC of levodopa and the UPDRS total score

plasma levels [20, 21]. In contrast, we found no dif-
ferences of Cp,.x dependent on the kind of analysis
and T, of levodopa. This may hypothetically result
from the administration of a soluble levodopa for-
mulation with corresponding faster gastrointestinal
absorption in our present study [1, 6, 7, 15, 27]. In
contrast to an earlier trial with PD patients in more
earlier stages and application of 200 mg and 50 mg
benserazide, we now only administered soluble
100 mg levodopa and 25 mg benserazide [17]. This

lower dosage of levodopa administration could have
caused the missing significant distinct differences of
levodopa plasma degradation between PD patients of
groups I, II, and III and could explain why the set
covariate oral daily levodopa dosage did not signifi-
cantly influence our outcomes. But nevertheless our
present outcomes with a soluble levodopa/benseraz-
ide formulation confirm that levodopa availability
increases with progression of PD. This effect may
result from a deteriorated peripheral activity of
levodopa metabolising enzymes due to levodopa long-
term intake.

Our study design allows no conclusion on a puta-
tive impact of the concomitant chronic treatment with
dopamine agonists. However, we tried to reduce this
influence of combined medication by taking the PD
patients off their additional antiparkinsonian drug
regime for at least 12 hours. Moreover they had a
prior standardised breakfast with Fresubin Orginal®
at 6.00 a.m. Thus we tried to avoid a putative impact
of different protein intake. However, we cannot ex-
clude a certain impact of controversially discussed
different long term behaviour of protein avoidance in
the more advanced PD patients, to ensure a better
absorption of levodopa [25, 27]. We did not addi-
tionally measure 3-OMD levels, since it is known, that
3-OMD accumulates due to its long plasma half life in
relation to dosage and duration of levodopa intake.
Moreover this 3-OMD increase did not effect reponse
to levodopa and showed no relation to its pharma-
cokinetics according to our earlier trial [17].

A further still hypothetical explanation of the
augmented levodopa bioavailability in more advanced
PD patients may be an increase of enteric dysfunction
due to the further progression of PD. This may result
in better duodenal levodopa absorption due to a re-
duced duodenal velocity [2, 24, 29]. Thus enteric
dysfunction could particularly contribute to increased
levodopa absorption in more advanced PD patients
without previous levodopa intake. Both hypotheses
may also explain a certain trend for the appearance of
distinct higher C,,., levodopa levels in more advanced
PD patients. This phenomenon is supported by the
significant correlations between C,,,, levodopa plas-
ma concentrations and the various UPDRS scores by
circumstantial evidence. This increase of C,,., levo-
dopa levels may indicate, that fluctuations of levo-
dopa concentrations get more intense with
progression of PD. This may result in a more intense,
pulsatile levodopa delivery to the brain and contrib-
ute to onset of motor complications [13-15, 26, 28].
From this point of view we suggest, that fine tuning of
levodopa application is essential in particular in ad-
vanced PD patients. Dispersible levodopa formula-
tions or direct duodenal levodopa infusion may be
superior to the conventional levodopa preparations,



since they circumvent gastroparesis to a certain ex- Conclusion
tent. However, only further necessary future trials will
show the relationships between enteric dysfunction,
levodopa plasma availability and intensity of PD [6,
14, 15, 17, 26]. An optimum design would be to study
the same PD patients in various stages of PD in reg-
ular intervals with more frequent sampling over a

four hour interval over several years.
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