
RESEARCH ARTICLE

Effect of DA-9701 on Gastric Motor Function
Assessed by Magnetic Resonance Imaging in
Healthy Volunteers: A Randomized, Double-
Blind, Placebo-Controlled Trial
YangWonMin1, Byung-Hoon Min1, Seonwoo Kim2, Dongil Choi3, Poong-Lyul Rhee1*

1 Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul,
Korea, 2 Biostatistics Team, Samsung Biomedical Research Institute, Seoul, Korea, 3 Radiology, Samsung
Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

* plrhee@skku.edu

Abstract

Background

Improving gastric accommodation and gastric emptying is an attractive physiological treat-

ment target in patients with functional dyspepsia (FD). We evaluated the effect of DA-9701,

a new drug for FD, on gastric motor function after a meal in healthy volunteers using mag-

netic resonance imaging (MRI).

Methods

Forty healthy volunteers were randomly allocated to receive either DA-9701 or placebo.

After 5 days of treatment, subjects underwent gastric MRI (60 min before and 15, 30, 45, 60,

90, and 120 min after a liquid test meal). Gastric volume was measured through 3-dimen-

sional reconstruction from MRI data. We analyzed 4 outcome variables including changes

in total gastric volume (TGV), proximal TGV, and proximal to distal TGV ratio after a meal

and gastric emptying rates after adjusting values at the pre-test meal.

Results

Changes in TGV and proximal TGV after a meal did not differ between the DA-9701 and pla-

cebo groups (difference between groups -25.9 mL, 95% confidence interval [CI] -54.0 to 2.3

mL, P = 0.070 and -2.9 mL, 95% CI -30.3 to 24.5 mL, P = 0.832, respectively). However,

pre-treatment with DA-9701 increased postprandial proximal to distal TGV ratio more than

placebo (difference between groups 0.93, 95% CI 0.08 to 1.79, P = 0.034). In addition, pre-

treatment with DA-9701 significantly increased gastric emptying as compared with placebo

(mean difference between groups 3.41%, 95% CI 0.54% to 6.29%, P = 0.021, by mixed

model for repeated measures).
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Conclusion

Our results suggested that DA-9701 enhances gastric emptying and does not significantly

affect gastric accommodation in healthy volunteers. Further studies to confirm whether DA-

9701 enhances these gastric motor functions in patients with FD are warranted.

Trial Registration

ClinicalTrials.gov NCT02091635

Introduction
Functional dyspepsia (FD) is a disorder characterized by chronic or recurrent upper abdominal
pain or discomfort in the absence of a specific structural cause [1]. Although several mecha-
nisms are suggested to underlie dyspeptic symptoms, disturbance in gastric accommodation
and gastric emptying (GE) seem to be the major pathophysiological causes of FD. Impaired
gastric accommodation to a meal and delayed GE are found in 40% and 30%-33.5% of patients
with FD, respectively [2–4].

Various techniques have been used to evaluate gastric accommodation and emptying.
Among them, gastric barostat is regarded as the gold standard to evaluate the accommodation
response [5, 6]. However, this procedure is invasive and uncomfortable, limiting its feasibility
in practice. Furthermore, the intragastric balloon appears to interfere with normal gastric phys-
iology [7]. Although single photon emission computed tomography is a validated alternative
non-invasive technique, it includes high exposure to ionizing radiation [8–10]. For measuring
GE, scintigraphy has been used as the standard [3]. However, it also suffers from the disadvan-
tage of exposure to radiation. In contrast, magnetic resonance imaging (MRI) is a non-invasive
means of measuring gastric volume through three-dimensional (3-D) reconstruction. In addi-
tion, it has no interference with normal gastric physiology from an intragastric balloon, no risk
of radiation, and is validated for assessing both gastric accommodation and emptying [11–15].

Improving gastric accommodation and emptying appears to be an attractive therapeutic tar-
get in patients with FD. Indeed, several drugs relaxing the gastric fundus and prokinetic drugs
have been tried in clinical trials. However, most of them are not widely available due to adverse
effects [16–19] or show disappointing effects for treating patients with FD [20–22]. Although
acotiamide has recently shown efficacy on the symptom and gastric motor function in patients
with FD, there are still unmet needs for the treatment of FD [23].

DA-9701 is a new drug for treating patients with FD that has been marketed in South Korea
since 2011. In the phase III trial,[24] DA-9701 showed non-inferior efficacy to itopride in
patients with FD. DA-9701 is formulated as a 50% ethanol extract from Corydalis Tuber and
Pharbitidis Semen. These plants are in Oriental traditional medicine for the treatment of gas-
trointestinal (GI) disorders. DA-9701 has multiple mechanisms of action such as fundus relax-
ation, visceral analgesia, and prokinetic effects [25]. In animal studies, DA-9701 not only
significantly enhances GE but also improves gastric accommodation [26–28]. Given the het-
erogeneous pathophysiological mechanisms of FD, DA-9701 with multiple action mechanisms,
is a promising drug for patients with FD. However, effect of DA-9701 on gastric accommoda-
tion and emptying in humans has not been evaluated by an objective measurement. Thus, this
study aimed to evaluate effect of DA-9701 on gastric accommodation and emptying after a
meal in a group of healthy volunteers using 3-D gastric volume measurements by MRI.
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Materials and Methods

Subjects
Healthy volunteers between 20 and 70 years of age without upper abdominal pain or discom-
fort and a structural abnormality on upper GI endoscopy performed within the preceding 6
months were eligible for the trial. The subjects were recruited at Samsung Medical Center,
Seoul, Korea between 29th of July 2013 and 26th of September 2013. Before group allocation,
the subjects underwent clinical history taking, physical examination, laboratory tests (complete
blood count, serum chemistry profiles, urinalysis, and pregnancy test), 12-lead electrocardio-
gram, and upper GI endoscopy (if not done within the previous 6 months). Patients were
excluded if they met any of the following criteria: (1) any functional GI disease or previous
abdominal surgery; (2) diabetes mellitus under insulin or oral anti-hyperglycemic agent treat-
ment; (3) significant cardiopulmonary diseases or any malignancies; (4) significant renal
(serum creatinine level� 1.5 × the upper normal limit) or liver disease (serum aspartate ami-
notransferase and alanine aminotransferase levels� 2.5 × the upper normal limits; (5) taking
medications that may alter gastric function within 2 weeks prior to the start of the study; (6)
pregnancy or lactation; (7) females with inadequate contraception during the study period; (8)
contraindications to MRI (e.g., cardiac pacemaker or metallic aneurysm clip); (9) allergic his-
tory to DA-9701; and (10) other conditions likely to interfere with study procedures, as judged
by the investigator.

This study protocol was conducted in accordance with the Declaration of Helsinki and
approved by the Institutional Review Board at Samsung Medical Center, Seoul, Korea on 15th
of April 2013 (No. 2012-12-095). All subjects provided written informed consent before inclu-
sion in the study. The study was registered at ClinicalTrials.gov (NCT02091635) after enroll-
ment of participants started due to our delayed process. The authors confirm that all ongoing
and related trials for this drug/intervention are registered.

Study design
This was a randomized, double-blind, parallel group, placebo-controlled trial. Eligible subjects
were randomly allocated in a 1: 1 ratio to receive either 60 mg (2 pills) of DA-9701 (Motili-
tone1, Dong-A ST, Yongin, Korea) (DA-9701 group) or placebo (placebo group) thrice daily
(before meals) for 5 days (days 2–6). The randomization list employed a 1: 1 assignment ratio
and a technique using a random permuted block design (Fig 1). The study drugs, DA-9701 and
placebo, had the same weight, appearance, color, and texture and were packaged identically for
the 2 groups. The drugs were identifiable only by randomization numbers and were provided
by Dong-A ST.

At the end of the study (day 7), subjects underwent gastric MRI (pre-meal MRI) and took
the study drug 60 min before administration of the test meal. Post-meal MRI was performed at
15, 30, 45, 60, 90, and 120 min after completing the test meal defined as time 0 min (Fig 2). The
test meal consisted of 200 mL Nucare

1

(200 kcal, carbohydrate: protein: fat = 57: 15: 27; Dae-
sang, Seoul, Korea) and 200 mL water.

MRI technique
Gastric MRI was performed in the supine position using a 1.5T system (Interal Achieva, Philips
Healthcare, Best, The Netherlands). Unenhanced images were obtained with turbo-field-echo
sequence (repetition time, 4.1 ms; echo time, 1.63 ms; slice thickness 5 mm, no overlap, coro-
nal). Thirty (or 35) consecutive slices covering the entire upper abdomen were obtained during
23 (or 25) seconds with one breath-hold (35 slices and 25 seconds were required in some
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subjects with a relatively large stomach). The areas of interest were drawn around gastric con-
tents and air in each slice on the screen, which was identified by distinct contrast against the
surrounding tissues, to determine the area of gastric contents and air. Obtained MRI data were
transformed into 3-D images using AZE VirtualPlaceTM (AZE, Ltd., Tokyo, Japan), and gastric
contents volume (GCV) was analyzed. Total gastric volume (TGV) was calculated by adding
gastric air volume to GCV. The stomach was divided into the proximal and distal stomach
using an imaginary line drawn from the angular incisures to the point of contact between the 2
longitudinal axes through the center of the upper and lower parts of the stomach (Fig 3). All
areas of interest and imaginary lines dividing the stomach were drawn by co-author D.C. a
qualified gastrointestinal radiologist, who was blinded to treatment group but not blinded to
time-point and not blinded to patient.

Assessment
Outcome variables. The primary outcome was change in TGV after the test meal, which

was defined as difference between TGV 15 min after the test meal and at the pre-test meal. The
secondary outcomes included GE rate (%) and changes in proximal TGV and proximal to dis-
tal TGV ratio after the test meal. Gastric emptying rates were calculated as follows: (GCV 15

Fig 1. Flow sheet: enrollment, allocation, follow-up and analysis.

doi:10.1371/journal.pone.0138927.g001

Fig 2. Study protocol on day 7.

doi:10.1371/journal.pone.0138927.g002
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min after the test meal-GCV at 30, 45, 60, 90, and 120 min after the test meal)/GCV 15 min
after the test meal x 100 (%). Changes in proximal TGV and proximal to distal TGV ratio after
the test meal were defined as difference between proximal TGV and proximal to distal TGV
ratio 15 min after the test meal and at the pre-test meal. Proximal to distal TGV ratio was cal-
culated as proximal TGV divided by the distal TGV.

Compliance and safety. The subjects returned their medication bottles and remaining
drugs at the end of the study (day 7). Subjects were excluded if they did not take all of the medi-
cation. In addition, subjects were questioned with respect to adverse events and underwent lab-
oratory tests and a 12-lead electrocardiogram.

Statistical Analysis
Sample sizes were determined prospectively with reference to a previous study that used similar
end points [29]. Sixteen subjects per group were required for a power of 80% under the 2-sided
significance of 5% to detect a between-group difference of 50 mL and assuming SD of 50 mL of
change in TGV after the test meal. To ensure inclusion of at least 16 subjects per group, 20 sub-
jects per group were ultimately recruited to account for a potential withdrawal rate of 20%. The
efficacy analysis was performed based on the modified intention-to-treat principle, which
included all subjects who underwent randomization and who had endpoints that could be eval-
uated. Descriptive statistics for continuous variables and the categorical variables were pre-
sented as mean ± SD and frequency (proportion), respectively. The safety analysis set
comprised all randomized subjects who received at least 1 study drug and provided a safety
evaluation. Demographics in the 2 groups were compared using Fisher’s exact test for categori-
cal data and the 2-sample t-test for continuous data. Gastric emptying rate was compared by
repeated measures analyses with mixed model. Analysis of covariance model was used with the
corresponding baseline value (values of measurement before the test meal) as the covariate to
assess changes in TGV, proximal TGV and proximal to distal TGV ratio after the test meal to

Fig 3. Three-dimensional visualization of stomach volumesmeasured by MRI before (A) and after (B) ingesting the test meal. The stomach was
divided into the proximal (orange) and distal stomach (yellow) by an imaginary line (red arrow) drawn from the angular incisures to the point of contact
between the 2 longitudinal axes (blue lines) through the center of the upper and lower parts of the stomach. The DA-9701 group case showed an increase in
proximal to distal TGV ratio from 1.88 to 4.50 15 min after the test meal.

doi:10.1371/journal.pone.0138927.g003
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increase precision of the comparisons between the 2 groups by accounting for variation. Nor-
mality was checked before applying parametric tests. The least squares mean and 95% confi-
dence intervals (CI) for between-group differences were calculated. Two-sided P values< 0.05
were taken as statistically significant. Statistical analyses were conducted using the SAS ver. 9.3
(SAS Institute, Cary, NC).

Results

Subjects
Forty-three healthy volunteers were screened. Of them 3 were excluded resulting in a total of
40 subjects who were randomly allocated. Two subjects (one each in the DA-9701 and placebo
group) did not take all of the medication, which was not relevant to adverse events. One subject
in the DA-9701 group was excluded because she took other drugs that may alter gastric func-
tion. Finally, 37 subjects were analyzed for efficacy in the current study. The subjects’ age was
34.4 ± 8.5 years (mean ± SD) and ranged from 22 to 56 years. Overall, 19 subjects (51.4%) were
female. Baseline characteristics of the subjects did not differ between the 2 groups (Table 1). All
continuous variables in Table 1 were normally distributed.

Effect of DA-9701 on change in total gastric volume after the test meal
Total gastric volume increased from 139.2 ± 41.1 mL to 486.7 ± 55.9 mL and from 151.9 ± 43.4
mL to 521.6 ± 45.7mL in the DA-9701 and the placebo group 15 min after the test meal, respec-
tively. The SD of change in TGV was 44.7 mL in the DA-9701 group, which was similar to that
assumed for sample size calculation. After adjusting values of TGV at the pre-test meal, differ-
ence in TGV between the 2 groups 15 min after the test meal was not statistically significant
(−25.9 mL; 95% CI, −54.0 to 2.3 mL, P = 0.070; Table 2).

Table 1. Baseline characteristics of the subjects.

Characteristic DA-9701 group (n = 18) Placebo group (n = 19) P-value*

Age, years 0.280

Mean ± SD 32.8 ± 7.6 35.8 ± 9.3

Median (range) 30.5 (22.0–48.0) 35.0 (23.0–56.0)

Sex, n (%) 1.000

Male 9 (50.0) 9 (47.4)

Female 9 (50.0) 10 (52.6)

Height, cm 0.658

Mean ± SD 166.8 ± 8.0 168.0 ± 8.6

Median (range) 166.1 (155.7–184.4) 166.0 (153.1–184.4)

Weight, kg 0.935

Mean ± SD 65.9 ± 12.4 65.6 ± 15.1

Median (range) 64.3 (48.7–89.5) 63.9 (43.1–91.7)

Body mass index, kg/m2 0.581

Mean ± SD 23.6 ± 3.1 22.9 ± 3.5

Median (range) 23.0 (19.9–30.0) 22.5 (17.1–28.5)

* Fisher’s exact test for sex variable between DA-9701 and placebo groups and 2-sample t-test for continuous variables between DA-9701 and placebo

groups after normality checking (P > 0.05)

doi:10.1371/journal.pone.0138927.t001
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Effect of DA-9701 on gastric emptying
Gastric emptying rates at 30, 45, 60, 90, and 120 min after the test meal were 17.2 ± 7.5%,
34.5 ± 8.3%, 49.0 ± 10.4%, 74.5 ± 8.9%, and 88.1 ± 6.0% in the DA-9701 group and
18.0 ± 7.1%, 34.1 ± 9.5%, 46.4 ± 12.4%, 67.3 ± 12.4%, and 80.6 ± 10.8% in the placebo group.
Pre-treatment with DA-9701 significantly enhanced GE (difference between the 2 groups, 3.41;
95% CI, 0.54 to 6.29, P = 0.021 by mixed model for repeated measures; Fig 4).

Effect of DA-9701 on change in proximal total gastric volume after the
test meal
Proximal TGV increased from 90.6 ± 27.3 mL to 386.0 ± 43.2 mL and from 104.2 ± 32.0 mL to
396.4 ± 42.2 mL in the DA-9701 and the placebo group 15 min after the test meal, respectively.

Table 2. Primary outcome. Changes in total gastric volume after ingesting a nutrient liquid meal (400 mL, 200 kcal) between the DA-9701 (n = 18) and the
placebo group (n = 19).

Variables DA-9701 group (n = 18) Placebo group (n = 19) aMean difference (95% CI) P-value

TGV, mL (mean ± SD)

Pre-test meal 139.2 ± 41.1 151.9 ± 43.4

15 min after test meal 486.7 ± 55.9 521.6 ± 45.7

Change 347.5 ± 44.7 369.7 ± 40.9
bAdjusted TGV at 15 min, mL (LSM ± SE) 491.3 ± 9.9 517.2 ± 9.6 −25.9 (−54.0 to 2.3) 0.070

CI, confidence interval; TGV, total gastric volume; LSM, least squares mean
a Difference in TGV between the DA-9701 and the placebo group 15 min after the test meal
b Estimated from analysis of covariance adjusted for value of TGV at the pre-test meal after normality checking (P > 0.05)

doi:10.1371/journal.pone.0138927.t002

Fig 4. Gastric emptying after administration of the test meal (400 mL, 200 kcal) between the DA-9701
(n = 18) and the placebo group (n = 19). DA-9701 significantly enhanced gastric emptying (mean ± SE,
P = 0.021, by mixed model for repeated measures).

doi:10.1371/journal.pone.0138927.g004
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After adjusting values of proximal TGV at the pre-test meal, difference in proximal TGV 15
min after the test meal between the 2 groups was not significant (−2.9 mL; 95% CI, −30.3 to
24.5 mL, P = 0.832; Table 3).

Effect of DA-9701 on change in proximal to distal total gastric volume
ratio after the test meal
Proximal to distal TGV ratio increased from 1.93 ± 0.40 to 4.14 ± 1.26 and from 2.33 ± 0.74 to
3.59 ±1.38 in the DA-9701 and the placebo group 15 min after the test meal, respectively. After
adjusting values of proximal to distal TGV ratio at the pre-test meal, difference in proximal to
distal TGV ratio 15 min after the test meal between the 2 groups was statistically significant
(0.93; 95% CI, 0.08 to 1.79, P = 0.034; Table 3). Pre-treatment with DA-9701 increased proxi-
mal to distal TGV ratio after the test meal more than that with placebo.

Safety results
Mild infectious colitis was reported during the treatment in the DA-9701 group (n = 1), which
was considered unrelated with the study drug. However, the subject had taken other drugs that
may alter gastric function and was excluded from the study. No other safety concerns were
observed in either treatment group with regard to physical examinations, laboratory results, or
electrocardiograms including QT interval.

Discussion
Satisfactory therapeutic options are limited for patients with FD [30]. To date, very few drugs
have proven efficacy [23], and adequate randomized controlled trials are lacking in patients
with FD [20, 31–33]. Moreover, given the heterogeneous mechanisms of FD, several drugs
with different mechanisms of action are required for the satisfactory treatment of patients with
FD. In the present study, we evaluated the effect of DA-9701, a new drug for FD, on gastric
accommodation and emptying after a meal. The gastric motor function was objectively evalu-
ated using 3-D gastric volume measurements by MRI. Our results suggested that DA-9701

Table 3. Secondary outcomes. Change in proximal total gastric volume and proximal to distal total gastric volume ratio after ingesting a liquid meal (400
mL, 200 kcal) among the DA-9701 group (n = 18) and the placebo group (n = 19).

Variables DA-9701 group
(n = 18)

Placebo group
(n = 19)

aMean difference (95%
CI)

P-
value

Proximal TGV, mL

Pre-test meal 90.6 ± 27.3 104.2 ± 32.0

15 min after test meal 386.0 ± 43.2 396.4 ± 42.2
bAdjusted proximal TGV at 15 min, mL (LSM ± SE) 389.9 ± 9.5 392.7 ± 9.3 −2.9 (−30.3 to 24.5) 0.832

Proximal to distal TGV ratio

Pre-test meal 1.93 ± 0.40 2.33 ± 0.74

15 min after test meal 4.14 ± 1.26 3.59 ± 1.38
cAdjusted proximal to distal TGV ratio at 15 min, mL
(LSM ± SE)

4.33 ± 0.29 3.40 ± 0.29 0.93 (0.08 to 1.79) 0.034

CI, confidence interval; TGV, total gastric volume; LSM, least squares mean
a Differences in proximal TGV and proximal to distal TGV ratio between the DA-9701 and the placebo group 15 min after the test meal
b Estimated from analysis of covariance adjusted for value of proximal TGV at the pre-test meal after normality checking (P > 0.05)
c Estimated from analysis of covariance adjusted for value of proximal to distal TGV ratio at the pre-test meal after normality checking (P > 0.05)

doi:10.1371/journal.pone.0138927.t003
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significantly increases proximal to distal TGV ratio after a meal and enhances GE rate in
healthy volunteers.

Accommodation is an important mechanism of normal gastric physiology. It reduces gastric
tone and increases compliance in response to a meal, allowing for an increase in proximal gas-
tric volume without a corresponding rise in pressure [34, 35]. To evaluate gastric accommoda-
tion, we measured gastric volume change (TGV and proximal TGV) after a meal. Because
impaired fundic accommodation to a meal facilitates redistribution of food to the antrum [36,
37], we also employed an additional index, proximal to distal TGV ratio to assess gastric
accommodation. Gastric volumes were unaffected while proximal to distal TGV ratio increased
in response to DA-9701. By definition, this study showed negative results in the primary out-
come. However, these findings may be related to the study population and prokinetic effect of
DA-9701. As gastric accommodation is not impaired in healthy volunteers, it might be difficult
to increase gastric volumes by pre-treatment with DA-9701, but this would be different in
patients with FD. In addition, the prokinetic effect of DA-9701 might reduce distal TGV more
than proximal TGV by increasing antral contractility and contributing to the increase in proxi-
mal to distal TGV ratio over placebo without change in TGV and proximal TGV. Although
proximal to distal TGV ratio is our secondary outcome for assessing gastric accommodation,
this index remains to be validated. Therefore, the true efficacy of DA-9701 for gastric accom-
modation needs to be evaluated further in the group of patients.

In the present study, we used a nutrient liquid test meal. The liquid form of meal facilitated
measuring the gastric content volume without contrast agent due to its distinct contrast against
the surrounding tissues. Indeed, areas of interest could be easily drawn from the unenhanced
images. As a liquid meal does not represent a standard meal, our results however need to be
interpreted in the context of this limitation. In fact, liquids leave the stomach faster than solids,
and normal emptying of liquids is frequently maintained even in severe gastroparesis for solids
[38]. However, a significant difference in GE rate was detected with the use of DA-9701 in this
study. In addition, we did not consider the volume of gastric secretions and its effect on the GE
process when assessing GE rates [39]. Gastric secretion could affect liquid gastric emptying
rate [40]. Although meal-induced gastric secretion would be similar between the 2 groups,
there might be a possibility of different volume of secretion due to the drug. Effects of DA-9701
on gastric secretion are unknown. However, we believe that effects of drug on gastric function
should be assessed without separating gastric secretion, which could show the real net effect
and be practical.

As for duration of testing, we assessed GE up to 2 hr after the test meal. Although GE at 4 hr
is optimal for assessing delayed GE, GE at 2 hr is also suitable for assessing rapid GE [41]. The
current study involved healthy volunteers, and GE at 2 hr is appropriate to show the enhancing
effect of DA-9701 on GE. In addition, gastric MRI was performed in the supine position.
Human gastric motor function and relaxation volume does not differ between upright and
supine positions [42]. Moreover, posture has only a minor impact on intragastric meal distri-
bution and has no effect on GE [43]. Taken together, our results showed a true enhancing effect
of DA-9701 on GE.

DA-9701 has an affinity for the D2, 5-HT1A, 5-HT4, and adrenergic α2 receptors. It has
antagonistic effect on the D2 receptor and agonistic effects on the 5-HT1A, 5-HT4, and adrener-
gic α2 receptors [25]. DA-9701 enhances GE via D2 antagonism and 5-HT4 agonism [25]. Tet-
rahydroberberine (THB), isolated from Corydalis tuber, has micromolar affinity for the D2 and
5-HT1A receptors. Oral administration of THB not only results in significantly accelerated GE
but also restores delayed GE [44]. In addition, THB relaxes the proximal stomach via 5-HT4

agonism [44]. This coexistence of relaxation and contraction effects on the stomach might be
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explained by the regional differences of distribution and function of receptors in the stomach
[45].

Gastric barostat is used as the standard for assessing accommodation response to a meal [5,
6]. In the current study, however, gastric MRI was employed to assess accommodation because
gastric barostat is invasive and its intragastric balloon appears to interfere with normal gastric
physiology [7]. Gastric MRI could also assess gastric emptying at the same time without risk of
exposure to radiation, which is the disadvantage of scintigraphy, the current standard to evalu-
ate gastric emptying. For these reasons, gastric MRI is a well validated and emerging means of
assessing gastric motor functions [11–15]. The current study showed the potential of gastric
MRI for gastric motor function assessments in a clinical setting.

Although the present study had some limitations including the liquid test meal and study
population consisted of a group of healthy volunteers, we objectively demonstrated a signifi-
cant enhancing effect of DA-9701 on gastric emptying using MRI. In conclusion, our results
suggested that DA-9701 enhances gastric emptying and does not significantly affect gastric
accommodation in healthy volunteers. Further studies are required to confirm whether DA-
9701 enhances gastric accommodation and emptying in FD patients together with symptom
evaluation.

Supporting Information
S1 Checklist. CONSORT Checklist.
(DOCX)

S1 Dataset. The dataset regarding gastric accommodation.
(XLSX)

S2 Dataset. The dataset regarding gastric emptying.
(XLSX)

S1 Protocol. The study protocol in Korean.
(DOCX)

S2 Protocol. The study protocol summarized in English.
(DOCX)

Author Contributions
Conceived and designed the experiments: PLR. Analyzed the data: YWM SK PLR. Contributed
reagents/materials/analysis tools: BHM SK DC. Wrote the paper: YWM.

References
1. Talley NJ, Stanghellini V, Heading RC, Koch KL, Malagelada JR, Tytgat GN. Functional gastroduode-

nal disorders. Gut. 1999; 45 Suppl 2:II37–42. PMID: 10457043; PubMed Central PMCID:
PMC1766695.

2. Tack J, Piessevaux H, Coulie B, Caenepeel P, Janssens J. Role of impaired gastric accommodation to
a meal in functional dyspepsia. Gastroenterology. 1998; 115(6):1346–52. Epub 1998/12/03.
S0016508598005800 [pii]. PMID: 9834261.

3. Stanghellini V, Tosetti C, Paternico A, Barbara G, Morselli-Labate AM, Monetti N, et al. Risk indicators
of delayed gastric emptying of solids in patients with functional dyspepsia. Gastroenterology. 1996; 110
(4):1036–42. PMID: 8612991.

4. Lacy BE. Functional dyspepsia and gastroparesis: one disease or two? The American journal of gastro-
enterology. 2012; 107(11):1615–20. doi: 10.1038/ajg.2012.104 PMID: 23160285.

5. Azpiroz F, Malagelada JR. Gastric tone measured by an electronic barostat in health and postsurgical
gastroparesis. Gastroenterology. 1987; 92(4):934–43. PMID: 3556999.

Effect of DA-9701 on Gastric Motor Function

PLOS ONE | DOI:10.1371/journal.pone.0138927 September 24, 2015 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0138927.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0138927.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0138927.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0138927.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0138927.s005
http://www.ncbi.nlm.nih.gov/pubmed/10457043
http://www.ncbi.nlm.nih.gov/pubmed/9834261
http://www.ncbi.nlm.nih.gov/pubmed/8612991
http://dx.doi.org/10.1038/ajg.2012.104
http://www.ncbi.nlm.nih.gov/pubmed/23160285
http://www.ncbi.nlm.nih.gov/pubmed/3556999


6. Sarnelli G, Vos R, Cuomo R, Janssens J, Tack J. Reproducibility of gastric barostat studies in healthy
controls and in dyspeptic patients. The American journal of gastroenterology. 2001; 96(4):1047–53.
doi: 10.1111/j.1572-0241.2001.03520.x PMID: 11316145.

7. Mundt MW, Hausken T, SamsomM. Effect of intragastric barostat bag on proximal and distal gastric
accommodation in response to liquid meal. American journal of physiology Gastrointestinal and liver
physiology. 2002; 283(3):G681–6. doi: 10.1152/ajpgi.00499.2001 PMID: 12181183.

8. Kuiken SD, SamsomM, Camilleri M, Mullan BP, Burton DD, Kost LJ, et al. Development of a test to
measure gastric accommodation in humans. The American journal of physiology. 1999; 277(6 Pt 1):
G1217–21. PMID: 10600819.

9. Bouras EP, Delgado-Aros S, Camilleri M, Castillo EJ, Burton DD, Thomforde GM, et al. SPECT imaging
of the stomach: comparison with barostat, and effects of sex, age, body mass index, and fundoplication.
Single photon emission computed tomography. Gut. 2002; 51(6):781–6. PMID: 12427776; PubMed
Central PMCID: PMC1773479.

10. Breen M, Camilleri M, Burton D, Zinsmeister AR. Performance characteristics of the measurement of
gastric volume using single photon emission computed tomography. Neurogastroenterology and motil-
ity: the official journal of the European Gastrointestinal Motility Society. 2011; 23(4):308–15. doi: 10.
1111/j.1365-2982.2010.01660.x PMID: 21210894; PubMed Central PMCID: PMC3105214.

11. Boulby P, Gowland P, Adams V, Spiller RC. Use of echo planar imaging to demonstrate the effect of
posture on the intragastric distribution and emptying of an oil/water meal. Neurogastroenterology and
motility: the official journal of the European Gastrointestinal Motility Society. 1997; 9(1):41–7. PMID:
9058391.

12. Feinle C, Kunz P, Boesiger P, Fried M, Schwizer W. Scintigraphic validation of a magnetic resonance
imaging method to study gastric emptying of a solid meal in humans. Gut. 1999; 44(1):106–11. PMID:
9862835; PubMed Central PMCID: PMC1760059.

13. Haans JJ, de Zwart IM, Eilers PH, Reiber JH, Doornbos J, de Roos A, et al. Gastric volume changes in
response to a meal: validation of magnetic resonance imaging versus the barostat. Journal of magnetic
resonance imaging: JMRI. 2011; 34(3):685–90. doi: 10.1002/jmri.22619 PMID: 21751282.

14. Kunz P, Feinle C, Schwizer W, Fried M, Boesiger P. Assessment of gastric motor function during the
emptying of solid and liquid meals in humans by MRI. Journal of magnetic resonance imaging: JMRI.
1999; 9(1):75–80. PMID: 10030653.

15. Marciani L, Gowland PA, Spiller RC, Manoj P, Moore RJ, Young P, et al. Effect of meal viscosity and
nutrients on satiety, intragastric dilution, and emptying assessed by MRI. American journal of physiol-
ogy Gastrointestinal and liver physiology. 2001; 280(6):G1227–33. PMID: 11352816.

16. Tack J, Broekaert D, Coulie B, Fischler B, Janssens J. Influence of the selective serotonin re-uptake
inhibitor, paroxetine, on gastric sensorimotor function in humans. Alimentary pharmacology & thera-
peutics. 2003; 17(4):603–8. PMID: 12622770.

17. Tack J, Caenepeel P, Corsetti M, Janssens J. Role of tension receptors in dyspeptic patients with
hypersensitivity to gastric distention. Gastroenterology. 2004; 127(4):1058–66. PMID: 15480984.

18. Matsumoto Y, Ito M, Tsuge M, Matsuo T, Tanaka S, Haruma K, et al. Ecabet sodium induces neuronal
nitric oxide synthase-derived nitric oxide synthesis and gastric adaptive relaxation in the human stom-
ach. Journal of gastroenterology. 2009; 44(11):1118–24. doi: 10.1007/s00535-009-0113-z PMID:
19685003.

19. Sarnelli G, Sifrim D, Janssens J, Tack J. Influence of sildenafil on gastric sensorimotor function in
humans. American journal of physiology Gastrointestinal and liver physiology. 2004; 287(5):G988–92.
doi: 10.1152/ajpgi.00419.2003 PMID: 15475488.

20. Talley NJ, Tack J, Ptak T, Gupta R, Giguere M. Itopride in functional dyspepsia: results of two phase III
multicentre, randomised, double-blind, placebo-controlled trials. Gut. 2008; 57(6):740–6. doi: 10.1136/
gut.2007.132449 PMID: 17965059.

21. Hallerback BI, Bommelaer G, Bredberg E, Campbell M, HellblomM, Lauritsen K, et al. Dose finding
study of mosapride in functional dyspepsia: a placebo-controlled, randomized study. Alimentary phar-
macology & therapeutics. 2002; 16(5):959–67. PMID: 11966505.

22. Vakil N, Laine L, Talley NJ, Zakko SF, Tack J, CheyWD, et al. Tegaserod treatment for dysmotility-like
functional dyspepsia: results of two randomized, controlled trials. The American journal of gastroenter-
ology. 2008; 103(8):1906–19. doi: 10.1111/j.1572-0241.2008.01953.x PMID: 18616658.

23. Matsueda K, HongoM, Tack J, Saito Y, Kato H. A placebo-controlled trial of acotiamide for meal-related
symptoms of functional dyspepsia. Gut. 2012; 61(6):821–8. doi: 10.1136/gutjnl-2011-301454 PMID:
22157329; PubMed Central PMCID: PMC3345932.

24. Choi MG, Rhee PL, Park H, Lee OY, Lee KJ, Choi SC, et al. Randomized, Controlled, Multi-center
Trial: Comparing the Safety and Efficacy of DA-9701 and Itopride Hydrochloride in Patients With

Effect of DA-9701 on Gastric Motor Function

PLOS ONE | DOI:10.1371/journal.pone.0138927 September 24, 2015 11 / 13

http://dx.doi.org/10.1111/j.1572-0241.2001.03520.x
http://www.ncbi.nlm.nih.gov/pubmed/11316145
http://dx.doi.org/10.1152/ajpgi.00499.2001
http://www.ncbi.nlm.nih.gov/pubmed/12181183
http://www.ncbi.nlm.nih.gov/pubmed/10600819
http://www.ncbi.nlm.nih.gov/pubmed/12427776
http://dx.doi.org/10.1111/j.1365-2982.2010.01660.x
http://dx.doi.org/10.1111/j.1365-2982.2010.01660.x
http://www.ncbi.nlm.nih.gov/pubmed/21210894
http://www.ncbi.nlm.nih.gov/pubmed/9058391
http://www.ncbi.nlm.nih.gov/pubmed/9862835
http://dx.doi.org/10.1002/jmri.22619
http://www.ncbi.nlm.nih.gov/pubmed/21751282
http://www.ncbi.nlm.nih.gov/pubmed/10030653
http://www.ncbi.nlm.nih.gov/pubmed/11352816
http://www.ncbi.nlm.nih.gov/pubmed/12622770
http://www.ncbi.nlm.nih.gov/pubmed/15480984
http://dx.doi.org/10.1007/s00535-009-0113-z
http://www.ncbi.nlm.nih.gov/pubmed/19685003
http://dx.doi.org/10.1152/ajpgi.00419.2003
http://www.ncbi.nlm.nih.gov/pubmed/15475488
http://dx.doi.org/10.1136/gut.2007.132449
http://dx.doi.org/10.1136/gut.2007.132449
http://www.ncbi.nlm.nih.gov/pubmed/17965059
http://www.ncbi.nlm.nih.gov/pubmed/11966505
http://dx.doi.org/10.1111/j.1572-0241.2008.01953.x
http://www.ncbi.nlm.nih.gov/pubmed/18616658
http://dx.doi.org/10.1136/gutjnl-2011-301454
http://www.ncbi.nlm.nih.gov/pubmed/22157329


Functional Dyspepsia. Journal of neurogastroenterology and motility. 2015; 21(3):414–22. doi: 10.
5056/jnm14117 PMID: 26130637; PubMed Central PMCID: PMC4496904.

25. Kwon YS, Son M. DA-9701: A NewMulti-Acting Drug for the Treatment of Functional Dyspepsia. Bio-
molecules & therapeutics. 2013; 21(3):181–9. doi: 10.4062/biomolther.2012.096 PMID: 24265862;
PubMed Central PMCID: PMC3830115.

26. Lee TH, Choi JJ, Kim DH, Choi S, Lee KR, Son M, et al. Gastroprokinetic effects of DA-9701, a new pro-
kinetic agent formulated with Pharbitis Semen and Corydalis Tuber. Phytomedicine: international jour-
nal of phytotherapy and phytopharmacology. 2008; 15(10):836–43. doi: 10.1016/j.phymed.2008.02.
019 PMID: 18490147.

27. Kim ER, Min BH, Lee SO, Lee TH, Son M, Rhee PL. Effects of DA-9701, a novel prokinetic agent, on
gastric accommodation in conscious dogs. Journal of gastroenterology and hepatology. 2012; 27
(4):766–72. doi: 10.1111/j.1440-1746.2011.06924.x PMID: 21916991.

28. Jung YS, Kim MY, Lee HS, Park SL, Lee KJ. Effect of DA-9701, a novel prokinetic agent, on stress-
induced delayed gastric emptying and hormonal changes in rats. Neurogastroenterology and motility:
the official journal of the European Gastrointestinal Motility Society. 2013; 25(3):254–9, e166. doi: 10.
1111/nmo.12053 PMID: 23216854.

29. Fruehauf H, Steingoetter A, Fox MR, Kwiatek MA, Boesiger P, Schwizer W, et al. Characterization of
gastric volume responses and liquid emptying in functional dyspepsia and health by MRI or barostat
and simultaneous C-acetate breath test. Neurogastroenterology and motility: the official journal of the
European Gastrointestinal Motility Society. 2009; 21(7):697–e37. doi: 10.1111/j.1365-2982.2009.
01267.x PMID: 19368659.

30. Tack J, Bisschops R, DeMarchi B. Causes and treatment of functional dyspepsia. Current gastroenter-
ology reports. 2001; 3(6):503–8. PMID: 11696288.

31. Talley NJ, Vakil N, Practice Parameters Committee of the American College of G. Guidelines for the
management of dyspepsia. The American journal of gastroenterology. 2005; 100(10):2324–37.

32. Holtmann G, Gapasin J. Failed therapy and directions for the future in dyspepsia. Digestive diseases.
2008; 26(3):218–24. doi: 10.1159/000121350 PMID: 18463439.

33. Holtmann G, Talley NJ, Liebregts T, Adam B, Parow C. A placebo-controlled trial of itopride in functional
dyspepsia. The New England journal of medicine. 2006; 354(8):832–40. doi: 10.1056/NEJMoa052639
PMID: 16495395.

34. Jahnberg T, Martinson J, Hulten L, Fasth S. Dynamic gastric response to expansion before and after
vagotomy. Scandinavian journal of gastroenterology. 1975; 10(6):593–8. PMID: 1179152.

35. Azpiroz F, Malagelada JR. Physiological variations in canine gastric tone measured by an electronic
barostat. The American journal of physiology. 1985; 248(2 Pt 1):G229–37. PMID: 3970203.

36. Moragas G, Azpiroz F, Pavia J, Malagelada JR. Relations among intragastric pressure, postcibal per-
ception, and gastric emptying. The American journal of physiology. 1993; 264(6 Pt 1):G1112–7. PMID:
8333539.

37. Azpiroz F, Feinle-Bisset C, Grundy D, Tack J. Gastric sensitivity and reflexes: basic mechanisms
underlying clinical problems. Journal of gastroenterology. 2014; 49(2):206–18. doi: 10.1007/s00535-
013-0917-8 PMID: 24306100.

38. Chaudhuri TK, Fink S. Gastric emptying in human disease states. The American journal of gastroenter-
ology. 1991; 86(5):533–8. PMID: 2028941.

39. Pohl D, Fox M, Fried M, Goke B, Prinz C, Monnikes H, et al. Do we need gastric acid? Digestion. 2008;
77(3–4):184–97. doi: 10.1159/000142726 PMID: 18594142.

40. RoschW, Liebregts T, Gundermann KJ, Vinson B, Holtmann G. Phytotherapy for functional dyspepsia:
a review of the clinical evidence for the herbal preparation STW 5. Phytomedicine: international journal
of phytotherapy and phytopharmacology. 2006; 13 Suppl 5:114–21. doi: 10.1016/j.phymed.2006.03.
022 PMID: 16978851.

41. Thomforde GM, Camilleri M, Phillips SF, Forstrom LA. Evaluation of an inexpensive screening scinti-
graphic test of gastric emptying. Journal of nuclear medicine: official publication, Society of Nuclear
Medicine. 1995; 36(1):93–6. PMID: 7799090.

42. Treier R, Steingoetter A, Weishaupt D, Goetze O, Boesiger P, Fried M, et al. Gastric motor function and
emptying in the right decubitus and seated body position as assessed by magnetic resonance imaging.
Journal of magnetic resonance imaging: JMRI. 2006; 23(3):331–8. doi: 10.1002/jmri.20507 PMID:
16463302.

43. Doran S, Jones KL, Andrews JM, Horowitz M. Effects of meal volume and posture on gastric emptying
of solids and appetite. The American journal of physiology. 1998; 275(5 Pt 2):R1712–8. PMID:
9791094.

Effect of DA-9701 on Gastric Motor Function

PLOS ONE | DOI:10.1371/journal.pone.0138927 September 24, 2015 12 / 13

http://dx.doi.org/10.5056/jnm14117
http://dx.doi.org/10.5056/jnm14117
http://www.ncbi.nlm.nih.gov/pubmed/26130637
http://dx.doi.org/10.4062/biomolther.2012.096
http://www.ncbi.nlm.nih.gov/pubmed/24265862
http://dx.doi.org/10.1016/j.phymed.2008.02.019
http://dx.doi.org/10.1016/j.phymed.2008.02.019
http://www.ncbi.nlm.nih.gov/pubmed/18490147
http://dx.doi.org/10.1111/j.1440-1746.2011.06924.x
http://www.ncbi.nlm.nih.gov/pubmed/21916991
http://dx.doi.org/10.1111/nmo.12053
http://dx.doi.org/10.1111/nmo.12053
http://www.ncbi.nlm.nih.gov/pubmed/23216854
http://dx.doi.org/10.1111/j.1365-2982.2009.01267.x
http://dx.doi.org/10.1111/j.1365-2982.2009.01267.x
http://www.ncbi.nlm.nih.gov/pubmed/19368659
http://www.ncbi.nlm.nih.gov/pubmed/11696288
http://dx.doi.org/10.1159/000121350
http://www.ncbi.nlm.nih.gov/pubmed/18463439
http://dx.doi.org/10.1056/NEJMoa052639
http://www.ncbi.nlm.nih.gov/pubmed/16495395
http://www.ncbi.nlm.nih.gov/pubmed/1179152
http://www.ncbi.nlm.nih.gov/pubmed/3970203
http://www.ncbi.nlm.nih.gov/pubmed/8333539
http://dx.doi.org/10.1007/s00535-013-0917-8
http://dx.doi.org/10.1007/s00535-013-0917-8
http://www.ncbi.nlm.nih.gov/pubmed/24306100
http://www.ncbi.nlm.nih.gov/pubmed/2028941
http://dx.doi.org/10.1159/000142726
http://www.ncbi.nlm.nih.gov/pubmed/18594142
http://dx.doi.org/10.1016/j.phymed.2006.03.022
http://dx.doi.org/10.1016/j.phymed.2006.03.022
http://www.ncbi.nlm.nih.gov/pubmed/16978851
http://www.ncbi.nlm.nih.gov/pubmed/7799090
http://dx.doi.org/10.1002/jmri.20507
http://www.ncbi.nlm.nih.gov/pubmed/16463302
http://www.ncbi.nlm.nih.gov/pubmed/9791094


44. Lee TH, Kim KH, Lee SO, Lee KR, Son M, Jin M. Tetrahydroberberine, an isoquinoline alkaloid isolated
from corydalis tuber, enhances gastrointestinal motor function. The Journal of pharmacology and
experimental therapeutics. 2011; 338(3):917–24. doi: 10.1124/jpet.111.182048 PMID: 21659472.

45. Komada T, Yano S. Pharmacological characterization of 5-Hydroxytryptamine-receptor subtypes in cir-
cular muscle from the rat stomach. Biological & pharmaceutical bulletin. 2007; 30(3):508–13. PMID:
17329847.

Effect of DA-9701 on Gastric Motor Function

PLOS ONE | DOI:10.1371/journal.pone.0138927 September 24, 2015 13 / 13

http://dx.doi.org/10.1124/jpet.111.182048
http://www.ncbi.nlm.nih.gov/pubmed/21659472
http://www.ncbi.nlm.nih.gov/pubmed/17329847

