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Abstract 
Levodopa uptake from the gastrointestinal tract in patients with Parkinson’s 
disease (PD) can be affected by delayed gastric emptying (GE). This might 
lead to fluctuating levodopa levels resulting in increased motor fluctuations. 
Continuous dopaminergic stimulation (CDS) improves motor fluctuations 
and could be a result of smoothening in levodopa uptake. In this study we 
wanted to study the levodopa pharmacokinetics peripherally in PD patients 
with motor fluctuations and investigate the relation between levodopa uptake 
and GE and the effect of CDS. PD patients with wearing off (group 1) and 
on-off syndrome (group 2) were included. Breath tests were performed to 
evaluate the half time (T1/2) of GE. Concomitantly 1 tablet of Madopark was 
given and the levodopa concentrations in blood and subcutaneous (SC) tissue 
were analyzed for both groups. Group 2 was then given a 10-d continuous in-
travenous levodopa treatment and the tests were repeated. Higher levels of 
levodopa in group 1 compared to group 2 in blood (p = 0.014) were seen. The 
GE was delayed in both group 1 (p < 0.001) and group 2 (p < 0.05) compared 
to a reference group with healthy volunteers with T1/2 median values 105 and 
78 min vs. 72 min. There was no difference in GE between the two PD groups 
(p = 0.220) or in group 2 before and after infusion period (p = 0.861). CDS 
resulted in lower levodopa levels in blood (p < 0.001) and SC tissue (p < 0.01). 
In conclusion, PD patients in early complication phase have a more favour-
able levodopa uptake than patients later in disease. We found delayed GE in 
PD patients with motor fluctuations but no obvious relation between GE and 
levodopa uptake or GE and PD stage. The effect of CDS indicates no effect of 
CDS on the mechanisms of GE but on the mechanisms of levodopa uptake. 
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1. Introduction 

Levodopa is still the gold standard in the treatment of patients with Parkinson’s 
disease (PD) but there are several factors affecting the availability of levodopa. 
Orally given levodopa is absorbed in the proximal one-third of the small intes-
tine and the competition between levodopa and other large neutral amino acids 
across the intestinal mucosa is therefore a factor [1] [2]. Another factor is the 
gastric emptying (GE) [3]. It has been shown that more than 70% of PD patients 
suffer from impaired gastric motility [4] [5] with symptoms like early satiety, 
postprandial bloating and nausea and it has been suggested that this is caused by 
the delay in GE that has been shown in PD patients [5]-[13]. Delayed GE has 
also been shown to impair the levodopa uptake and is therefore suggested to 
worsen motor fluctuations [4] [11] [14] [15] [16]. To optimize the conditions for 
levodopa on its way to the brain seems to be of great importance in preventing 
motor fluctuations. Previous studies have shown that continuous dopaminergic 
stimulation (CDS) seems to induce plasticity changes of the dopaminergic post-
synaptic receptors reducing on-off syndrome [17] [18] [19] [20]. In the past 
years it has now been shown that CDS also is beneficial for some non-motor 
symptoms (NMS) in PD [20] [21] [22]. A question is if CDS can result in 
changes of the GE indicating a postsynaptic dependency of GE. 

In this study, we wanted to investigate the pharmacokinetics of levodopa giv-
en orally in two groups of PD patients; one group in early complication phase 
with wearing off and one group with more severe disease with on-off syndrome. 
We also wanted to study if and how the GE rate differs in these different stages 
of PD and if there is a relation between GE and levodopa uptake. We also 
wanted to evaluate the effect on the pharmacokinetics of levodopa and GE after 
CDS given as a continuous intravenous (IV) levodopa infusion. 

2. Materials and Methods 
2.1. Patients and Experimental Data 

Two groups of patients with PD were selected; see patient demography in Table 1 
and Table 2. The PD diagnosis was made according to UK Parkinson’s disease 
society brain bank criteria. Group 1 consisted of 16 patients with PD in early 
complication phase with wearing off symptoms. The patients had at least 4 tablet 
intakes per day and regular off periods before at least one of the doses. Group 2 
included 14 patients with PD in severe stage of the disease and on-off syndrome 
with unpredictable and disabling dyskinesia. The patients were admitted to the 
ward and their PD medication was discontinued the night before the first test 
day. All GE data were compared to the laboratory reference material consisting 
of 50 healthy volunteers that was somewhat younger than our patients [23]. The 
study was performed with approval from the Regional Ethical Review Board in 
Linköping and informed consent was obtained from the patients. 

In our study we used microdialysis on both blood and in subcutaneous (SC) 
tissue. Microdiaysis has been shown a lenient way of taking samples and allows 
frequent sampling during long periods of time. The microdialysis technique is  
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Table 1. Demography of PD patients with wearing off (Group 1). 

Patient 
No 

Age 
(years) 

Gender 
F/M 

Duration of PD 
(years) 

Levodopa dose 
(mg/d) 

Other  
antiparkinsonian 

medications 

1 72 M 8 500 cabergoline, selegiline 

2 67 F 16 900 - 1050 pramipexol, entacapone 

3 52 M 16 1500 - 

4 62 F 11 500 cabergoline 

5 65 F 11 450 selegiline 

6 74 M 11 400 pramipexol, selegiline 

7 59 M 8 600 - 700 selegiline, entacapone 

8 78 M 11 1100 entacapone 

9 73 F 7 800 entacapone 

10 69 F 13 1450 - 1700 entacapone 

11 57 F 6 950 ropinirole, tolcapone 

12 79 M 7 400 pramipexol 

13 69 F 9 300 tolcapone 

14 75 F 6 1000 ropinirole, selegiline 

15 69 F 12 900 - 1100 cabergoline, tolcapone 

16 67 M U.K. 700 tolcapone 

 
Table 2. Demography of PD patients with on-off syndrome (Group 2). 

Patient 
No 

Age 
(years) 

Gender 
F/M 

Duration of PD 
(years) 

Levodopa dose 
(mg/d) 

Other 
antiparkinsonian 

medications 

1 78 F U.K. 400 entacapone 

2 57 F 7 400 pergolide, selegiline 

3 61 M 16 950 ropinirole, tolcapone 

4 53 M 5 500 - 750 - 

5 73 F 11 800 - 

6 71 M 19 1575 - 1650 cabergoline, tolcapone 

7 68 F 18 400 - 500 pramipexol, selegiline 

8 64 M 16 2150 - 2500 tolcapone 

9 68 M 12 500 tolcapone 

10 67 F 7 500 - 1000 cabergoline, entacapone 

11 62 M 11 700 - 

12 59 F 13 575 ropinirole, entacapone 

13 59 F 14 800 cabergoline, entacapone 

14 70 M 8 550 selegiline 
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based on passive diffusion across a semipermeable membrane from the tissue of 
interest to a perfusion fluid [24] and the analyzed concentration of the substance 
of interest reflects the interstitial concentration in the tissue. Microdialysis is 
possible to use in different tissues like blood, SC tissue and brain tissue [25] [26] 
[27]. We also used the octanoic acid breath test by Ghoos et al. [28], shown to be 
a reliable and safe method for evaluating the GE rate and suitable for patients in 
all stages of PD [23] [29] [30]. 

All patients from both groups performed the protocol of Day 1: A microdialy-
sis probe was placed in a brachial vein and another probe was placed in the ab-
dominal SC tissue. Baseline monitoring for microdialysis and breath test was 
performed before intake of an omelet containing a standardized amount of pro-
tein and 13C marked octanoic acid. Together with the omelet the patients were 
given 1 tablet of Madopark (100 mg of levodopa/25 mg of benserazide). During 
a period of 4 h IV dialysates and breath samples were taken every 15-min and SC 
dialysate fractions were collected every 30-min. The dialysate fractions were 
stored at −20˚C for 3 days at the most. The levodopa concentrations from IV 
and SC sampling were analyzed, without further clean-up [26] [31], with a high- 
performance liquid chromatography (HPLC) system with electrochemical detec-
tion [27]. The breath samples were stored in room temperature and the 13CO2/ 
12CO2 ratio was analyzed with mass spectrometry [28]. T1/2, which represents 
the half-time of 13CO2 elimination from the ventricle, was calculated. 

Day 2 - 12: The patients from group 2 were also treated with continuous IV 
levodopa infusion, 5 mg/mL during 12 h daily for 10 days. The daily dose of le-
vodopa infusion was calculated to correlate to the patient’s oral medication. No 
other anti-PD medication was given during this time period. No side effects 
were observed during the treatment period. After the infusion period the pa-
tients underwent the same procedure as on Day 1. The IV levodopa infusion was 
only given to patients with on-off syndrome since it was earlier described by 
Shoulson et al. to be beneficial for this group of patients by diminishing the 
on-off fluctuations. 

2.2. Exclusions 

Group 1: Patient no 1 was excluded from the study because of withdrawal of 
informed consent. Patient no 8 was excluded because of extra levodopa intake 
before study start. 

Group 2: Patients no 4 and no 7 were excluded from both SC and IV microdi-
alysis because of technical failure. However the results from the GE were in-
cluded in the study for both patients. The IV microdialysis was not possible to 
perform in patients no 9 and no 10 due to fragile vessels. Patient no 14 was ex-
cluded from the study because of extra levodopa intake before study start. 

2.3. Statistics 

Nonparametric test was used for the analysis due to the small number of sub-
jects. Related-samples Wilcoxon signed-rank test was used to analyze differences 
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in the levodopa concentrations in blood and SC tissue within group 2. Inde-
pendent Mann-Whitney U test was used to analyze differences in the levodopa 
dose, levodopa concentrations and half time (T1/2) of GE between the two dif-
ferent PD groups and the reference group. Median values and box plot were also 
used to compare T1/2 of GE. We also compared group differences for area under 
the curve (AUC) for levodopa levels in blood and SC tissue (µmol × min/L). 
IBM SPSS Statistics 24 and Microsoft Excel were used for statistical analysis. P 
values below 0.05 were considered significant. 

3. Results 

The daily levodopa dose was similar in both groups (p = 0.867). We found sig-
nificantly higher levodopa concentrations in blood in group 1 (p = 0.014), with 
AUC 34.6 in group 1 compared to 25.7 in group 2. The results were similar for 
SC tissue but did not reach statistical significance (p = 0.050), AUC 19.3 in 
group 1 and 13.9 in group 2, Figure 1. 

After the 10-day levodopa infusion period in group 2 slower levodopa uptake 
was observed and significantly lower concentrations of levodopa in both blood 
(p < 0.001) and SC tissue (p < 0.01) were seen compared to the levels before the 
infusion period, Figure 1. AUC for levodopa after the infusion period were 18.6 
in blood and 9.6 in SC tissue. 

The laboratory reference interval for T1/2 of GE was 47 - 99 min, with the 
median value of T1/2 72 min. In group 1 the T1/2 median value was significantly 
higher compared to the reference group (p < 0.001) with 105 min, Figure 2. The 
T1/2 median values in group 2 showed no significant difference before (78 min) 
and after (89 min) the infusion period (p = 0.861). However, compared to the 
reference group there were significant differences both before and after the infu-
sion period (p < 0.05 and p < 0.01 respectively), Figure 2. No significant differ-
ence was seen between group 1 and 2 (p = 0.220). When group 1 and group 2, 
before the infusion period, were fused the T1/2 median value was significantly 
higher than the reference group (p < 0.0001) with 100 min compared to 72 min. 

4. Discussion 

Several factors may affect the uptake of levodopa. Delayed GE has been shown, 
by several authors, in PD patients [6] [7] [8] [10] [29] [32] and this seems to re-
sult in a lower levodopa bioavailability [4] [14] [15] [16]. Levodopa uptake from 
the GI tract can also be interfered by other amino acids that use the same trans-
port carrier system as levodopa [33] [34]. The absorption of levodopa might also 
be affected by levodopa itself and Murata et al. showed, both in rats and in PD 
patients, that the absorption of levodopa from the gut is accelerated after long 
exposure to levodopa [35] [36]. Another interfering factor of levodopa uptake 
could be age since higher levodopa concentrations have been found in older pa-
tients [37] [38]. In our study, neither significant age difference (mean ± SD 67.9 ± 
7.5 and 65.0 ± 6.9 years for group 1 and group 2 respectively) nor any obvious 
difference in levodopa treatment time in the two PD groups was seen. 



M. Nord et al. 
 

6 

 
Figure 1. Levodopa concentrations (mean values) in blood and subcutaneous tissue from 
PD patients with wearing off (Group 1) and with on-off syndrome (Group 2) before and 
after 10 days of levodopa infusion treatment. Error bars representing standard error of 
the mean. 
 

As expected we found higher levels of levodopa in patients with wearing off 
compared to the patients in more advanced stage of disease with on-off syn-
drome, Figure 1, indicating that PD patients with less severe disease have a bet-
ter uptake of levodopa from the intestine. The levodopa curves in blood and SC 
tissue had very similar appearances but with a slight delay in the SC tissue. These 
results are similar to our previous findings [27]. Earlier studies have shown that 
the same delay applies for brain tissue [39] and SC monitoring of levodopa levels 
might therefore be more appropriate than blood concentration monitoring for 
clinical studies concerning correlation between levodopa levels and patient mo-
bility. 
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Figure 2. Boxplot for T1/2 of gastric emptying with significance levels (p values) for reference group, PD patients with 
wearing off, PD patients with on-off syndrome before and after 10 days of levodopa infusion treatment and the two 
PD groups fused. Outliers (*) are also presented. 

 
Our study did not show any significant difference in T1/2 of GE between the 

PD groups thus showing no obvious relation between levodopa uptake and GE 
in our study. However, it supports the theory of delayed GE in PD patients in 
complication phase showing significantly delayed T1/2 of GE in both PD groups 
compared to the reference group. The significance towards the reference group 
was even higher when both PD groups were fused. This is probably due to the 
increased number of patients. 

No conclusive data have been presented in earlier studies about the relation 
between delayed GE and PD stage. Some studies have shown that delayed GE in 
PD patients is associated with disease severity [4] [29] while other studies cannot 
find any association of GE and disease duration or Hoehn and Yahr clinical scale 
[5] [6] [8]. Abnormalities in gastric motility have also been shown with electro-
gastrography in PD patients both in early and advanced stages of the disease [40] 
[41]. It is possible that there is no strict relation between severity of motor 
symptoms and degree of impairment of GE in PD patients. This is supported by 
our results where we could see no difference in GE between the two PD groups. 

Previous studies have shown that CDS seems to induce plasticity changes of 
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the dopaminergic postsynaptic receptors in brain reducing on-off syndrome [17] 
[18] [19] [20]. Figure 1 shows that the 10-day infusion period, with levodopa IV, 
resulted in significantly lower levodopa concentrations indicating an effect 
caused by CDS. We could not see any difference in GE before and after the infu-
sion period and therefore we could not show any correlation between GE and 
levodopa uptake. The fact that the GE before and after the infusion period, did 
not differ, suggests that the mechanisms of GE are not influenced by CDS. More 
likely the GE is regulated locally in the GI tract. 

One of the shortcomings in our study was that we did not register the motor 
symptoms before, during and after the 10-days infusion treatment, which would 
have been preferable since it could have provided more information about the 
CDS effect. The small number of participating patients in the two study groups 
could also have an impact on the results. 

In conclusion, we could see significantly higher levels of levodopa in PD pa-
tients with wearing off compared to patients with on-off syndrome. The GE was 
significantly delayed in PD patients compared to the reference group but there 
was no difference between the two PD groups. We found no obvious relation 
between GE and levodopa uptake and CDS did not affect GE but it resulted in 
significantly decreased levodopa levels. 

The relation between GE and levodopa uptake remains inconclusive and fur-
ther studies are needed to elucidate the effect of GE on levodopa uptake and also 
the relation between GE and PD stage. 
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Abbreviation list 

AUC: Area under the curve 
CDS: Continuous dopaminergic stimulation 
GE: Gastric emptying 
T1/2: Half time 
HPLC: High-performance liquid chromatography 
IV: Intravenous 
NMS: Non-motor symptoms 
PD: Parkinson’s disease 
SC: Subcutaneous 
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