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Abstract

We previously reported that ghrelin prevented L-dopa (LD)-induced inhibition of gastric emptying 

(GE) of a non-nutrient solution in rats. Parkinson’s disease treatment involves the combined 

administration of L-dopa with the enzyme L-amino acid decarboxylase inhibitor, carbidopa (CD) to 

reduce peripheral formation of dopamine. We investigated the effect LD/CD given orogastrically 

(og) on GE of a non-nutrient or nutrient meal and whether og pretreatment with rikkunshito, a 

kampo medicine clinically used to treat gastroparesis, influenced LD/CD effect on GE and 

postprandial antral and duodenal motility in conscious rats. LD/CD (20/2 mg kg−1) decreased 

significantly GE to 26.3 ± 6.0% compared to 61.2 ± 3.2% in og vehicle monitored 20-min after a 

non-nutrient meal and to 41.9 ± 5.8% compared to 72.9 ± 5.2% in og vehicle monitored 60 min 

after a nutrient meal. Rikkunshito (0.5 or 1.0 g kg−1) reduced the LD/CD (20/2 mg kg−1) 

inhibition of GE of non-nutrient meal (36.9 ± 7.4% and 46.6 ± 4.8% respectively vs. 12.1 ± 7.4% 

in og vehicle plus LD/CD) while having no effect alone (56.6 ± 8.5%). The ghrelin antagonist, [D-

Lys3]-GHRP-6 (1 mg kg−1) injected intraperitoneally partially reversed rikkunshito preventive 

effect on LD/CD-inhibited GE. Rikkunshito (1.0 g kg−1) blocked LD/CD (20/2 mg kg−1)-induced 

delayed GE of a nutrient meal and the reduction of postprandial antral motility. In 6-

hydroxydopamine-induced Parkinson’s disease rat model, rikkunshito (1.0 g kg−1, og) also 

prevented LD/CD-inhibited gastric emptying of a nutrient meal and enhanced fasting plasma 

levels of acylated ghrelin. These data indicate that oral rikkunshito alleviates the delayed GE 

induced by LD/CD in naïve and PD rat model in part through ghrelin-related mechanisms.
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1. Introduction

Oral administration of L-dopa (levodopa), a metabolic precursor of dopamine, is regarded as 

the “gold standard” for the treatment and management of Parkinson’s disease (PD), a 

pathological condition associated with progressive degeneration of nigrostriatal dopamine 

pathway [37]. Unlike dopamine, L-dopa crosses the blood brain barrier via a saturable 

transporter and is converted to dopamine in the brain by the enzyme, L-amino acid 

decarboxylase (AADC) to produce its therapeutic effect [8]. However, the high pre-systemic 

metabolism of L-dopa to dopamine within the gut including the stomach by AADC can 

reduce up to 70% the initial oral dose of L-dopa that will undergo active transport and 

absorption by the small intestine [8,36]. Therefore, L-dopa administered orally is given in 

combination with a peripheral AADC inhibitor, commonly, carbidopa (α-

methyldopahydrazine) at a ratio of 10/1 or 4/1 to curtail the gastrointestinal conversion of L-

dopa to dopamine and consequently maximize L-dopa entry into the brain [11].

One determinant factor that also influences the L-dopa bioavailability is the gastric emptying 

rate. Clinical studies provided evidence of a relationship between L-dopa pharmacokinetics 

and gastric emptying in PD patients [15,32]. The oral administration of L-dopa/carbidopa 

(LD/CD) given in the fasting state or before a low protein meal inhibits gastric emptying in 

healthy young or elderly volunteers [40–42,57] as well as in PD patients who have already 

developed delayed solid gastric emptying [12,19,24]. In contrast to clinical studies, there is a 

paucity of experimental studies on the effects of L-dopa on gastric motor function [53,60] 

and the influence of peripheral AADC inhibitors administered orally in conjunction with L-

dopa is still unknown in rodents.

To improve the management of altered gastric emptying in PD patients treated with anti-

parkinsonian drug therapy, a few gastric prokinetic agents such as the serotonin receptor 4 

(5-HT4) agonist, cisapride have been shown effective [3,38]. However, the cardiac 

arrhythmia side effects of cisapride lead to its withdrawal from the market and limited its 

clinical use [38]. Dopamine antagonists such as domperidone, a dopamine D2 receptor 

antagonist that does not readily cross the blood brain barrier [23], has been reported to 

accelerate gastric emptying of a solid meal [39,46] and to increase plasma L-dopa 

concentration [35] in PD patients treated with L-dopa/AACD inhibitors. However 

domperidone is not licensed in every country and safety issue has been recently pointed out 

due to potential cardiotoxic effects at high dose in elderly patients [26]. Another potential 

candidate is ghrelin (acylated, “active” form), a gut peptide hormone that has potent gastric 

prokinetic effects [9]. Our recent preclinical studies indicate that ghrelin prevented oral 

administration of L-dopa-induced delayed gastric emptying of a non-nutrient solution in rats 

[60]. Stable ghrelin agonists have been reported to improve delayed gastric emptying in 

various experimental and clinical conditions associated with diabetes, postoperative and 

morphine-induced ileus and immune challenge [4,7,33,48,56,58]. Likewise, rikkunshito, a 
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Japanese Kampo medicine acting as a ghrelin enhancer [50], alleviates gastroparesis [1,52], 

dyspepsia [1,25,52,54,61], post-operative gastric ileus [27,62], and gastroesophageal reflux 

disease [31,34,54] in experimental or clinical studies. A recent pilot clinical study also 

indicates that rikkunshito can ameliorate gastroparesis in PD patients [14].

Therefore, the objectives of the present study were first to test the influence of orogastric 

(og) administration of L-dopa in conjunction with carbidopa on gastric emptying of non-

nutrient and nutrient meals, and postprandial antro-duodenal motility in conscious rats. 

Second, to examine whether orally administered rikkunshito ameliorates LD/CD-induced 

alterations of gastric motor function and whether rikkunshito action involves ghrelin 

signaling using the receptor antagonist, [D-Lys3]-GHRP-6 [2]. Lastly, we used the 6-

hydroxydopamine (6-OHDA) experimental PD model [45] treated with LD/CD to assess the 

effects of rikkunshito on gastric emptying and plasma ghrelin levels.

2. Materials and methods

2.1. Animals

Adult male Sprague-Dawley rats (Harlan, San Diego, CA, USA, weighting 280–320 g and 

Charles River Laboratories Japan, Yokohama, Japan, weighting 230–290 g) were housed 2–

4 animals/cage under controlled illumination (12:12 h light/dark cycle) and temperature (22 

± 2 °C) and acclimatized for at least one week before the experiments. Animals were fed 

standard rodent diet (Pro-lab RMH 2500, LabDiet, PMI Nutrition, Brentwood, MO, USA 

and MF, Oriental Yeast, Tokyo, Japan) and tap water ad libitum. In other studies, 6-OHDA 

and vehicle microinjected rats were purchased from Japan SLC (Shizuoka, Japan) 5 weeks 

after treatment. Eight-weeks old Sprague-Dawley male rats (Japan SLC) were microinjected 

into the right striatum with either vehicle (0.2% ascorbic acid/saline, 2 µL × 4 sites) or 6-

OHDA (Sigma-Aldrich, USA, 3.5 µg µL−1 in 0.2% ascorbic acid/saline, 2 µL × 4 sites) 

using the following coordinates from bregma: anterior-posterior (+1.3, +0.4, −0.4, −1.3 

mm), mediolateral (−2.6, −3.0, −4.2, −4.5 mm) dorsoventral (−5.0 mm). After surgery, all 

rats were kept one per cage and 4 weeks later, the 6-OHDA rat were tested for behavioral 

manifestations of PD assessed by more than seven rotations/min in response to a 

subcutaneous injection of apomorphine (0.5 mg kg−1). One week after the apomorphine test, 

6-OHDA and control rats were received at the experimental facilities. They were housed 2/

cages and acclimated to similar conditions as the naïve rats for another week before the 

experiments, and their respective body weight was 380–440 g and 370–460 g.

Animal care and experimental procedures followed institutional ethic guidelines and 

conformed to the requirements of the federal authority for animal research conduct. All 

procedures were approved by the Animal Research Committee at Veterans Affairs Greater 

Los Angeles Healthcare System (animal protocol #06015-08) and Experimental Animal 

Ethics Committee of Tsumura & Co (animal protocol #12–028 and #12–128).

2.2. Compounds

Rikkunshito, powdered extract consisting of Atractylodis lanceae rhizoma (4 g, 18.6%), 

Ginseng radix (4 g, 18.6%), Pinelliae tuber (4 g, 18.6%), Hoelen (4 g, 18.6%), Zizyphi 
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fructus (2 g, 9.3%), Aurantii nobilis pericarpium (2 g, 9.3%), Glycyrrhizae radix (1 g, 4.7%), 

and Zingiberis rhizoma (0.5 g, 2.3%) (Tsumura & Co., Tokyo, Japan) was suspended in 

water. L-dopa (L-3,4-dihydroxyphenylalanine methyl ester hydrochloride) and s-(−)-

carbidopa (CD) were dissolved in vehicle composed of 10% dimethyl sulfoxide, 5% 

Tween-80 and 85% saline, all from Sigma-Aldrich. [D-Lys3]-GHRP-6 (Phoenix 

Pharmaceuticals, CA, USA) was dissolved in sterile saline.

2.3. Gastric motor function assessment

2.3.1. Gastric emptying of a non-nutrient meal—Gastric emptying of a non-nutrient 

meal (1.5% methylcellulose and 0.05% phenol red viscous solution) was determined as 

described in our previous studies [60]. In brief, rats were fasted overnight (1 rat/cage) for 

18–20 h with access to water up to the start of the experiments conducted between 9:00 AM 

and 1:00 PM. Animals received an orogastric gavage (og) of the viscous solution (1.5 mL) 

and were euthanized 20 min later by CO2 inhalation followed by thoracotomy. The stomach 

was removed and homogenized in 100 mL of 0.1 N NaOH using a Polytron (Brinkman 

Instruments, Westbury, NY). Five milliliters of the supernatant were added to 0.5 mL 20% 

trichloroacetic acid, centrifuged at 3000 rpm at 4 °C for 20 min and 3 mL of the supernatant 

added to 4 mL of 0.5 N NaOH. The absorbance of the samples was read at 560 nm 

(Shimadzu 260 Spectrophotometer). Gastric emptying was calculated as percent emptying = 

(1 − absorbance of test sample/absorbance of standard) × 100. Phenol red recovered from 

stomach of rats euthanized immediately after gavage of the same volume of solution served 

as standard.

2.3.2. Gastric emptying of a nutrient meal—Gastric emptying of nutrient meal was 

performed as previously described [30]. Twenty four hours-fasted rats (2–4 rats/cage), with 

free access to water up to the start of the experiments conducted between 1:00 and 4:00 PM, 

were gavaged with 1 mL of the meal composed of standard powdered chow (32 g, MF; 

Oriental Yeast, Tokyo, Japan) and 40 g of glass bead (0.2-mm diameter, BZ-02; AS One, 

Osaka, Japan) in 80 mL of distilled water. Rats were euthanized under isoflurane anesthesia 

1 h after the gavage of the meal. The stomach was removed and gastric content recovered, 

dried and weighed. The gastric emptying was calculated as percent emptying = (1 − dried 

weight of gastric content/dried weight of 1 mL test meal) × 100.

2.3.3. Antroduodenal motility recording—The procedure was essentially as previously 

described [17]. Rats were food restricted overnight (two chow pellets ~6 g) and anesthetized 

with sodium pentobarbital (50 mg kg−1 body weight, Kyoritsu Seiyaku, Tokyo, Japan). After 

laparotomy, a strain-gauge force transducer (F-08IS; Star Medical, Tokyo, Japan) was 

sutured to the serosal surface of the antral and duodenal serous membranes to monitor 

circular muscle contractions. The wire of the transducer was then exteriorized from the back 

of the neck and protected by Nelaton’s catheter and protective wire. Afterwards, rats were 

single housed for a 6-day recovery period. Then, antro-duodenal motility was recorded in 

freely-moving rats that were overnight food restricted to one chow (~3 g) before the study 

conducted between 10:00 AM and 6:00 PM. The strain-gauge force transducer (previously 

calibrated by application of 10 or 20 g weights by the manufacturer), was connected to a 

preamplifier (FS-04 M; Star Medical), through a bridge box (FB-01; Star Medical). Electric 
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signals were recorded into the computer using a MP150 (BIOPAC Systems, Goleta, CA). 

The system was calibrated before each experiment using the calibrator (Star Medical 

Equipment, Inc., Japan) and contractions were expressed in grams. The motility index (MI) 

was determined as the area under the curve (AUC) in the antrum and duodenum for a 60 min 

period. The percentage of change in MI (%MI) = 100 × (AUC post treatment/AUC pre-

treatment).

2.4. Experimental protocols

2.4.1. Influence of LD/CD at various doses on gastric motor function in naïve 
rats

2.4.1.1. Non-nutrient meal: Overnight fasted rats received an orogastric gavage (0.3 mL/

rat) of vehicle or LD/CD (10/1.0, 15/1.5 or 20/2 mg kg−1). Then, 10 min later, all groups 

received by gavage (1.5 mL/rat) the methylcellulose/phenol red viscous solution and were 

euthanized 20 min later to assess the % of gastric emptying. LD/CD doses were selected 

based on previous studies in rats [6,16,60].

2.4.1.2. Nutrient meal: Twenty four hours-fasted rats received an orogastric gavage (0.3 

mL/rat) of vehicle or LD/CD (15/1.5, 20/2 and 50/5 mg kg−1). Then, 10 min later all, groups 

were gavaged with the test meal (1 mL/rat) and 60 min thereafter, euthanized to determine 

the % of gastric emptying. Based on the dose-response, LD/CD at 20/2 mg kg−1 was 

selected for all further studies.

2.4.1.3. Postprandial antral-duodenal motility: In rats that were food restricted (~3 g for 

overnight), a 2-h basal antral and duodenal motility was recorded, then the consecutive 

treatments were given as illustrated in Fig. 1. First, the nutrient meal (1 mL/rat, og), identical 

to that used in gastric emptying, was given (1st test meal) followed by 1-h recording of the 

antro-duodenal phasic contractile activity; the motility index was analyzed as “pre-treatment 

value”. More than 2 h after the 1st test meal, LD/CD (20/2 mg kg−1) or vehicle (0.3 mL), 

was administered orally and 10 min later, the 2nd test meal given and post-treatment 

measurement was recorded for 1 h (“post-treatment value”). The %MI was calculated using 

“pre-treatment value” and “post-treatment value” and compared between LD/CD treated rats 

and vehicle-treated rats.

2.4.2. Influence of rikkunshito on LD/CD-induced alterations of gastric motor 
function in naïve rats

2.4.2.1. Gastric emptying: Rats received an orogastric gavage of rikkunshito (0.5 or 1.0 g 

kg−1) or distilled water (3 mL/rat) at 2 h 50 min before that of LD/CD (20/2 mg kg−1) or 

vehicle (0.3 mL/rat), and the same protocols as previously described in Section 2.4.1. were 

followed to measure emptying of non-nutrient or nutrient meal. The rikkunshito doses used 

were based on previous reports in rats showing the prevention N(G)-nitro arginine induced 

delayed gastric emptying or cisplatin-induced anorexia [21,51]. Based on data obtained 

under our conditions, the maximal effective dose of 1 g kg−1 was used in all subsequent 

studies.
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2.4.2.2. Postprandial antral-duodenal motility: Rikkunshito (1.0 g kg−1) or vehicle 

(water) was given per orogastric gavage (10 mL kg−1) more than 2h after the 1st test meal 

administration, followed 2 h 50 min later by that of LD/CD (20/2 mg kg−1) or vehicle (0.3 

mL), and after 10 min a 2nd test meal and post-treatment antral and duodenal contractile 

activity was recorded for 1 h (Fig. 1). The %MI was compared between water + LD/CD 

treated rats and rikkunshito + LD/CD treated rats.

2.4.3. Effect of ghrelin receptor antagonist on rikkunshito action in naïve rats
—[D-Lys3]-GHRP-6 (1 mg kg−1) or vehicle (sterile saline) was injected intraperitoneally (1 

mL kg−1) at the same time as rikkunshito (1.0 g kg−1, og) or distilled water (3 mL/rat, og) 

and 2 h 50 min later, LD/CD (20/2 mg kg−1) or vehicle (0.3 mL/rat) was gavaged. The 

methylcellulose/phenol red solution (1.5 mL) was given 10 min later in all groups and 

gastric emptying was measured 20 min thereafter. The regimen of ghrelin receptor 

antagonist administration was based on our previous studies showing the blockade of ip 

ghrelin-induced stimulation of gastric emptying [47].

2.4.4. Effect of rikkunshito on gastric emptying of nutrient meal and plasma 
ghrelin levels in 6-OHDA rats treated acutely with LD/CD

2.4.4.1. Gastric emptying: In 24-h fasted rats microinjected with 6-OHDA or vehicle into 

the striatum 6 weeks before, rikkunshito (1.0 g kg−1) or distilled water (10 mL kg−1) was 

administered og 2 h 50 min before that of LD/CD (20/2 mg kg−1) or vehicle (0.3 mL/rat). 

Then 10 min later, all groups were gavaged with the nutrient meal (1 mL/rat) and 60 min 

thereafter, euthanized for the determination of gastric emptying.

2.4.4.2. Plasma ghrelin: After 24-h food deprivation, rats received orogastric gavage of 

rikkunshito (1.0 g kg−1) or vehicle (distilled water, 10 mL kg−1), 2 h 50 min later, LD/CD 

(20/2 mg kg−1) or vehicle (0.3 mL/rat) was administered orally and 30 min after, rats were 

decapitated and trunk blood was collected in tubes containing EDTA-2K, 1.6 mg mL−1 

(Dojindo Laboratories, Kumamoto, Japan) and protease inhibitor cocktail (Sigma-Aldrich, 

P2714). Samples were promptly centrifuged at 4 °C, and the supernatant was acidified with 

1 N HCl (1/10 volume) and stored at −80 °C until use. The plasma acyl ghrelin level was 

determined using the Active ghrelin ELISA Kit (Mitsubishi Chemical Medience, Tokyo, 

Japan).

2.5. Statistical analysis

Data are expressed as mean ± SEM and analyzed by one-way or two-way ANOVA followed 

by Student-Newman-Keuls post hoc test or Student’s t-test after the F-test. Differences in 

multiple groups’ mean values were assessed by Dunnett’s test after Bartlett test. A p value 

<0.05 was considered statistically significant.

3. Results

3.1. LD/CD decreases dose-dependently gastric emptying in naïve rats

Oral administration of LD/CD (15/1.5 or 20/2 mg kg−1) 10 min before that of the non-

nutrient meal reduced dose-dependently the percentage of gastric emptying compared to 
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vehicle as monitored 20 min later (40.0 ± 4.8% and 26.3 ± 6.0% respectively vs. 61.2 

± 3.2%, n = 9–11, p < 0.05) while a lower dose 10/1 mg kg−1 had no effect (64.5 ± 2.5%, n 
= 3; Fig. 2A). Likewise, LD/CD (20/2 and 50/5 mg kg−1, og) administered 10 min before a 

nutrient meal, dose-dependently decreased the percentage of gastric emptying monitored 60 

min later compared with og vehicle (41.9 ± 5.8% and 28.9 ± 5.6% respectively vs. vehicle 

72.9 ± 5.2%, n = 8–11, p < 0.05; Fig. 2B) while the lower dose 15/1.5 mg kg−1 did not result 

in a significant change (gastric emptying: 58.1 ± 4.1%, n = 10). Based on the dose-response, 

LD/CD at 20/2 mg kg−1 administered og was selected for all subsequent studies.

3.2. Rikkunshito prevents LD/CD-induced delayed gastric emptying in naïve rats

In vehicle pretreated (og) rats, LD/CD significantly decreased the percentage of gastric 

emptying of a non-nutrient meal compared to og vehicles (12.1 ± 7.4% vs. 49.3 ± 7.0%, n = 

4, p < 0.05; Fig. 3A). Rikkunshito given og prevented the LD/CD inhibitory effect as shown 

by the trend to increase gastric emptying values to 36.9 ± 7.4% (p > 0.05) at 0.5 g kg−1 and 

the significant increase to 46.6 ± 6.8% at 1.0 g kg−1 (n = 6–7/group, p < 0.05) compared to 

vehicle plus LD/CD (Fig. 3A). Rikkunshito at 1.0 g kg−1 had no effect on basal gastric 

emptying (56.6 ± 8.5%, n = 7; Fig. 3A). Two-way ANOVA showed significant influence of 

LD/CD (F1.17 = 7.98; p < 0.05) and RKT at 1.0 g kg−1 (F1.17 = 6.23; p < 0.05). Likewise, in 

og vehicle-pretreated group, LD/CD reduced the percentage of gastric emptying of a nutrient 

meal to 40.9 ± 5.2% compared to 70.5 ± 5.2%, in og vehicles (n = 11–14, p < 0.05). 

Rikkunshito pretreatment (1.0 g kg−1, og) prevented LD/CD inhibitory effect (gastric 

emptying: 60.0 ± 4.3%, n = 11, p < 0.05; Fig. 3B). Rikkunshito at 1.0 g kg−1, og, was used 

in all subsequent studies.

3.3. Rikkunshito prevents LD/CD-induced decreased postprandial antral and duodenal 
motility in naïve rats

The contractile activity recorded from strain gauge transducers in the antrum and duodenum 

in food restricted freely moving rats consisted of cyclic waves of Phase III-like contractions 

(Fig. 4A and B). The 1st test meal administration induced transient contractions in the 

antrum followed by fed motor activities in the antrum and duodenum which returned to the 

fasted motor activities 2 h after test meal administration (Fig. 4A and B). LD/CD 

significantly decreased the %MI (86.1 ± 3.3% vs. 99.7 ± 3.9%, n = 5–7/group, p < 0.05; data 

not shown). Rikkunshito pretreatment significantly increased %MI in the antrum compared 

with vehicle pretreatment in LD/CD treated rats (130.2 ± 13.4% vs. 84.7 ± 5.5%, n = 4–5/

group, p < 0.05; Fig. 4A and C). Likewise, LD/CD gavage reduced the duodenal %MI 

compared to vehicle (86.6 ± 6.4% vs. 116.0 ± 7.0%, n = 3/group, p < 0.05; data not shown), 

and rikkunshito pretreatment tends to attenuate the inhibition by LD/CD compared to 

vehicle pretreatment although it did not reach statistical significance (112.6 ± 11.5% vs. 85.0 

± 7.7%, n = 4/group, p = 0.09; Fig. 4B and D).

3.4. Ghrelin antagonist blunts rikkunshito effect on LD/CD-induced delayed gastric 
emptying in naïve rats

The ghrelin antagonist, [D-Lys3]-GHRP-6 (1 mg kg−1, ip) did not modify basal gastric 

emptying of non-nutrient meal compared with ip vehicle + og vehicle treated rats (62.0 

± 5.1% vs. 61.1 ± 3.5%, n = 5 and 9, p > 0.05; Fig. 5). LD/CD inhibited significantly gastric 
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emptying in rats pretreated with ip vehicles (22.5 ± 7.4%, n = 7, p < 0.05) and this effect was 

prevented by rikkunshito (50.3 ± 4.1%, n = 6, p < 0.05). [D-Lys3]-GHRP-6 injected ip 

partially reversed rikkunshito-induced prevention of the delayed gastric emptying induced 

by LD/CD (32.2 ± 6.3%, p < 0.05 vs. 50.3 ± 4.1% ip vehicle-rikkunshito-LD/CD; n = 6/

group, Fig. 5).

3.5. Rikkunshito prevents the delayed gastric emptying and increased plasma ghrelin 
levels in 6-OHDA PD rats treated with LD/CD

In vehicle pretreated (og) rats, the 60 min gastric emptying of nutrient meal was not different 

between vehicle and 6-OHDA microinjected rats (29.1% ± 5.1% vs. 31.1 ± 5.1%, n = 8/

group, Fig. 6). LD/CD (20/2 mg kg−1, og) decreased gastric emptying of a nutrient meal 

compared to og vehicle in 6-OHDA rats (13.9 ± 3.0% vs. 31.1 ± 5.1%, n = 8–11/group, p < 

0.05, Fig. 6). Rikkunshito prevented the LD/CD inhibitory effect on gastric emptying (24.6 

± 4.0%, n = 11/group, p < 0.05 vs. vehicle plus LD/CD) in the 6-OHDA rats (Fig. 6) while 

not influencing basal gastric emptying compared to og vehicle in 6-OHDA treated rats 

(water: 48.6 ± 4.6% vs. rikkunshito: 46.5 ± 4.4%, n = 9–10; data not shown).

In vehicle pretreated (og) rats, fasting plasma levels of acylated ghrelin were not different 

between vehicle and 6-OHDA microinjected rats (49.3 ± 3.4 fmol mL−1 vs. 44.4 ± 4.1 fmol 

mL−1, Fig. 7). LD/CD (20/2 mg kg−1, og) did not alter plasma acylated ghrelin levels 

assessed 30 min later in 6-OHDA microinjected rats (46.5 ± 2.4 fmol mL−1, Fig. 7). 

Rikkunshito pretreatment significantly increased plasma acylated ghrelin levels by 28.9% 

compared to vehicle in LD/CD administered 6-OHDA rats (59.8 ± 3.6 fmol mL−1, p < 0.05 

vs. vehicle plus LD/CD).

4. Discussion

In this study, we demonstrated that LD/CD delayed gastric emptying of non-nutrient and 

nutrient meal and reduced postprandial antro-duodenal motility in naïve rats. We also 

showed that rikkunshito prevented LD/CD-induced inhibition of gastric propulsive motor 

function and its action involved in part ghrelin receptor signaling as shown by the use of 

ghrelin antagonist. In addition, in the 6-OHDA PD rat model, rikkunshito prevented LD/CD 

delayed gastric emptying and induces a small but significant elevation of circulating ghrelin.

The orogastric co-administration of LD/CD (15/1.5 or 20/2 mg kg−1) 10 min before a non-

nutrient meal in overnight fasted rats reduced dose-dependently the 20-min gastric emptying 

by 35% and 57% respectively from that of vehicle-treated rats, while the dose of 10/1.0 mg 

kg−1 was ineffective. Previously, we reported that L-dopa given alone at 5 or 15 mg kg−1 

inhibited gastric emptying of a non-nutrient meal by 33% and 61% respectively from that of 

vehicle group when tested under otherwise similar conditions [60]. Taken together these data 

indicate that the coadministration of CD with L-dopa reduces the potency of L-dopa to 

suppress gastric emptying of non-nutrient meal. This is likely to reflect the decreased 

formation of dopamine established to suppress gastric emptying through activation of 

peripheral D2/D3 receptors in rats [20,22,64]. Indeed, the peripheral AADC inhibitor, CD 

given in conjunction with L-dopa reduces plasma dopamine levels while increasing those of 

L-dopa measured 30–90 min after their oral administration at 10/1.5 ratio (200/25 mg kg−1) 
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in rats [44] and in humans [43]. Moreover, in humans the dopamine D2 receptor antagonists, 

metoclopramide and domperidone inhibit LD/CD-induced delayed gastric emptying of a 

meal in healthy subjects and PD patients [5,39,46].

We also provide the first experimental evidence that oral administration of LD/CD (15/1.5, 

20/2.0 or 50/5.0 mg kg−1) suppressed dose-dependently the gastric emptying of a nutrient 

meal by 20%, 43% and 60% respectively from that of vehicle-treated rats. This is associated 

with the reduction of postprandial antral motility in freely moving rats which is likely to 

contribute in delaying emptying. Previous studies in dogs showed that L-dopa infused 

intravenously during the postprandial state suppressed gastric body, antrum and pylorus 

contractile activity within 10 min, an effect reversed by D2 antagonist [53]. The higher dose 

(50/5 vs. 20/2 mg kg−1) required for LC/CD to induce similar magnitude of gastric emptying 

suppression of nutrient vs. non-nutrient meal may be related to the longer duration (60 vs. 20 

min) needed for the evaluating the transit of a nutrient meal. Consistent with these 

experimental studies, in several clinical reports, CD used at a similar dose as in the present 

study (1.3 mg kg−1) that induces 80% inhibition of L-dopa decarboxylation in healthy young 

human subjects [42,43], also delayed gastric emptying of a solid meal.

In addition, we showed in the 6-OHDA rats which is an established PD model [45], that 

orogastric LD/CD (20/2 mg kg−1) treatment also reduced significantly gastric emptying of 

solid nutrient by 56% from that in og vehicle. It is to note that in either vehicle or 6-OHDA 

rats, basal gastric emptying is lower than those in naïve rats. It may be related to the prior 

brain surgery linked with microinjection of vehicle or 6-OHDA into the striatum and 

subsequent single housing for 4 weeks which are known stressors to delay gastric emptying 

[49]. The reduction of gastric emptying by LD/CD in our PD model is consistent with 

clinical studies in PD patients treated with LD/CD [12,19,24]. There is also evidence that 

LD/CD can alter gastric propulsive motility per se in addition to the already impaired gastric 

transit in PD patients [13,19]. However in our 6-OHDA rat PD model which had motor 

symptom of dopamine alterations [45], the gastric emptying assessed 60 min after of 

nutrient meal was not different from that of vehicle microinjected group. We previously 

reported in α-synuclein over-expressing mice, a genetic PD model that there was no change 

in gastric emptying of nutrient or non nutrient meal while the animals display constipation-

like feature of PD [59]. However recent studies indicate that the 6-OHDA rat PD model 

showed delayed gastric emptying of solid food after a fast [65,66]. This discrepancy may be 

related to differences in the experimental protocols of assessing gastric emptying between 

our and their studies (powder vs. regular chow, 1 h vs. 2–4 h monitoring) or the mode and 

site of 6-OHDA administration (unilateral 28 µg into the striatum vs. bilateral 4 µg/site or 

unilateral 24 µg into the substantia nigra). However collectively, these data showed that the 

oral use of LD/CD at 20/2 mg kg−1 impaired gastric propulsive motor function in both naïve 

and 6-OHDA PD rats providing a relevant experimental model to study the effects of drugs 

that may circumvent the altered gastric transit associated with antiparkinsonian treatments.

We showed that og pretreatment with rikkunshito (1 g kg−1) normalized gastric emptying of 

nutrient and non-nutrient meal that was inhibited by LD/CD in naïve rats. At the 0.5 g kg−1 

og dose, rikkunshito effect did not reach significance as previously reported under 

conditions of intraperitoneal injection of dopamine-induced delayed gastric emptying in rats 
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[55]. The normalization of gastric emptying by rikkunshito pretreatment is likely to be 

related to improve antral motility impaired by LD/CD. This is supported by the restoration 

of postprandial contractile activity prominently in the antrum reduced by the oral 

administration of LD/CD. In other experimental studies, oral administration of rikkunshito 

was reported to prevent the reduction of gastric emptying of a non-nutrient solution induced 

by oral administration of nitric oxide synthase inhibitor [21] and intraperitoneal injection of 

5-HT reuptake inhibitors in naïve rats [17]. Our data also indicate that in 6-OHDA PD 

model, rikkunshito can normalize the delayed gastric emptying of a nutrient meal induced 

by LD/CD. This data may have translational application as in a recent pilot, open-label 

clinical study, rikkunshito was reported to ameliorate gastro-paresis in 20 PD patients of 

whom 16 were treated with LD/CD [14].

The underlying mechanisms through which rikkunshito improves gastric propulsive motor 

functions inhibited by LD/CD may be mediated in part by increasing ghrelin signaling, a 

well established prokinetic peptide [9]. Convergent evidence indicates that orally 

administered rikkunshito increases ghrelin availability. This is achieved by stimulating basal 

or inhibited ghrelin secretion in rodents [29,51], dogs [63] as well as in humans [29], and by 

inhibiting the deacylation of the peptide leading to an increase ratio of active acylated vs. 

inactive deacylated form of the peptide in rodents and humans [51]. In addition, in vitro 

studies indicate that rikkunshito enhances ghrelin receptor binding and signaling [18]. In the 

present study, we showed that the peripheral injection of the ghrelin antagonist, [D-Lys3]-

GHRP-6 partially blocked rikkunshito effect to normalize gastric emptying in LD/CD 

treated naïve rats indicative of an action dependent from ghrelin receptor. We previously 

found that L-dopa injected intravenously at a dose reducing gastric emptying, did not alter 

plasma levels of acylated ghrelin monitored at 30 and 60 min post injection [60]. Likewise, 

in the present study, LD/CD did not alter fasted levels of acyl ghrelin in 6-OHDA rats. 

However we recently reported that peripheral injection of ghrelin prevents L-dopa-induced 

delay gastric emptying in rats establishing the ability of enhanced ghrelin receptor activation 

to block L-dopa inhibitory effect [60]. In the present study, rikkunshito significantly 

increased by 28.6% plasma acylated ghrelin levels in LD/CD administered 6-OHDA PD 

rats. However of note since the restorative effect of rikkunshito on LD/CD induced delayed 

gastric emptying in naïve rats was only partly abolished by ghrelin receptor antagonist, and 

the rise in circulating ghrelin induced by rikkunshito is rather modest, it is likely that 

rikkunshito action may involve additional mechanisms. A recent report indicates that 

Atractylodes lancea rhizome, one of the component contained in rikkunshito, prevents the 

delayed gastric emptying induced by ip dopamine in mice [22] suggesting an interaction 

with peripheral D2 receptors which remained to be explored.

In summary, we provided evidence that og administration of LD/CD impaired gastric 

propulsive motor function in naïve rats and 6-OHDA PD models in rats. The og retreatment 

with rikkunshito prevented LD/CD inhibitory effect through an action that in part medicated 

through increased ghrelin signaling and other mechanisms yet to be elucidated. In the 

context of limited therapeutic options to treat gastroparesis in PD patients [28] and the 

negative impact of delayed gastric emptying on the absorption of L-dopa in PD and related 

response fluctuations [10,15,32], rikkunshito warrants further investigations as adjunct 

therapy in PD patients in randomized double blind clinical studies [14].
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Abbreviations

AUC area under the curve

AADC L-amino acid decarboxylase

DW distilled water

GE gastric emptying

LD/CD L-dopa/carbidopa

og orogastric or orogastrically

%MI percentage change in motility index

6-OHDA 6-hydroxydopamine

PD Parkinson’s disease
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Fig. 1. 
Experimental protocol of antral and duodenal motility recording by strain gauge in 

conscious rats. Rats were implanted with strain gauges on the antrum and duodenum and 

singly housed for 6 days thereafter. Rats were food-restricted for overnight on the previous 

day of measurement. The antro-duodenal phasic contractile activity was recorded for 1 h 

after the 1st test meal administration, then, more than 2 h after, rikkunshito (1.0 g kg−1) or 

vehicle (water, 10 mL kg−1) was administered orogastrically, followed 2 h 50 min later by 

that of L-dopa/carbidopa (LD/CD, 20/2 mg kg−1) or vehicle (0.3 mL), and 10 min later, a 

2nd test meal was administered and post-treatment measurement was recorded for 1 h.
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Fig. 2. 
Inhibition of gastric emptying of non-nutrient or nutrient meal by L-dopa/carbidopa in 

overnight fasted rats. L-dopa/carbidopa was administered at different doses by orogastric 

gavage (0.3 mL) and 10 min later, the viscous non-nutrient solution was administered by 

orogastric gavage (1.5 mL) and 20 min later gastric emptying was measured (A); or a 

powdered chow + beads were administered per gavage (1.0 mL) and 60 min later, gastric 

emptying was measured (B). Data are mean ± SEM of animal numbers indicated at the 

bottom of each column. *p < 0.05 vs. respective vehicles (0/0).
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Fig. 3. 
Rikkunshito (RKT) prevents L-dopa/carbidopa-induced delayed gastric emptying of non 

nutrient meal (A) and nutrient meal (B) in fasted rats. Orogastric gavages (og) of RKT (0.5 

or 1.0 g kg−1) or vehicle (distilled water) was performed in overnight fasted rats 2 h 50 min 

before that of L-dopa/carbidopa (20/2 mg kg−1) or vehicle and 10 min later, the viscous non-

nutrient solution was administered (1.5 mL, og) and after 20 min, gastric emptying was 

measured (A); or a powdered chow + beads were administered per gavage (1.0 mL) and 60 

min later, gastric emptying was monitored (B). Data are mean ± SEM of animal numbers 

indicated at the bottom of each bar, *p < 0.05 vs. distilled water (0.0)-vehicle and # p < 0.05 

vs. distilled water-L-dopa/carbidopa.
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Fig. 4. 
Rikkunshito (RKT) prevents L-dopa/carbidopa (LD/CD)-induced reduction of postprandial 

antral and duodenal motility in conscious rats measured by strain gauge transducer. Single 

housed rats with strain gauge implanted 6 days earlier, were food restricted (~3 g/rat) 

overnight before the experiment. After the recording was stabilized (time 0), the 1st test 

meal was gavaged and 1 h pretreatment motility was recorded. Vehicle or RKT (1.0 g kg−1) 

was gavaged at 2 h 50 min before that of LD/CD (20/2 mg kg−1) and 10 min later the 2nd 

test meal was given and postprandial motility was recorded for 1 h: representative original 

traces in the antrum and duodenum in vehicle (A) or RKT pretreated (B), LD/CD treated 

rats; motility index (%MI) in the antrum (C; n = 5–7) and duodenum (D; n = 4–5) showed 

significant increase by RKT compared with vehicle (distilled water, DW) before LD/CD. 

Data are mean ± SEM. *p < 0.05 vs. each DW group.
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Fig. 5. 
Ghrelin antagonist (GA), [D-Lys3]-GHRP-6 blunts rikkunshito (RKT) preventive effect on L-

dopa/carbidopa (LD/CD)-induced delayed gastric emptying of non-nutrient viscous solution 

in fasted rats. [D-Lys3]-GHRP-6 (1 mg kg−1) or vehicle (saline, 1 mL kg−1) was injected 

intraperitoneally immediately before oral gavage of rikkunshito (1.0 g kg−1) or vehicle and 2 

h 50 min later LD/CD (20/2 mg kg−1) or vehicle was gavaged. Ten minutes thereafter, the 

viscous non-nutrient solution was administered by orogastric gavage and gastric emptying 

was measured 20 min later. Animal numbers per group are shown at the bottom of each bar. 

Data are mean ± SEM. *p < 0.05 vs. vehicle-DW-vehicle; #p < 0.05 between vehicle-RKT-

LD/CD and GA-RKT-LD/CD. §p < 0.05 vs. vehicle-RKT-LD/CD.
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Fig. 6. 
Rikkunshito (RKT) prevents L-dopa/carbidopa-induced delayed gastric emptying of nutrient 

meal in fasted 6-OHDA induced Parkinson’s disease model rats. At 6 weeks after 6-OHDA 

or vehicle microinjection into the right striatum, orogastric gavages (og) of RKT (1.0 g kg−1) 

or distilled water (DW) was performed in 24-h fasted rats 2 h 50 min before that of L-dopa/

carbidopa (20/2 mg kg−1) or vehicle followed 10 min later by the og nutrient meal. Gastric 

emptying was monitored at 60 min. Data are mean ± SEM of animal numbers indicated at 

the bottom of each bar. *p < 0.05 vs. distilled water (DW)-vehicle and #p < 0.05 vs. DW-

LD/CD.
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Fig. 7. 
Rikkunshito (RKT) enhanced plasma acylated ghrelin levels in L-dopa/carbidopa-

administered 6-OHDA induced Parkinson’s disease model in 24-h fasted rats. Orogastric 

gavages of RKT (1.0 g kg−1) or distilled water (DW) was performed in 24-h fasted rats 2 h 

50 min before that of L-dopa/carbidopa (20/2 mg kg−1) or vehicle followed 30 min later by 

decapitation for trunk blood collection. Data are mean ± SEM of animal numbers indicated 

at the bottom of each bar, *:p < 0.05 vs. distilled water (DW)-LD/CD.
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