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Nakanome, C., Arar, H., Ho~xco, M., Imai, N., Tovora, T., Goro, Y.,
OxvaucHal, F. and Komarsu, K. Disturbances of the Alimentary Tract Motility
and Hypermotilinemia in the Patients with Diabetes Mellitus. Tohoku J. exp.
Med., 1983, 139 (2), 205-215 — Lower esophageal sphincter pressure (LESP),
gastric emptying, small bowel transit time and plasma motilin levels were
measured in diabetics and normal subjects in order to investigate the disturbances
of the alimentary tract motility and the participation of motilin in these motility
disorders. Hypermotilinemia was observed in all diabetics with or without
autonomic neuropathy. Low response of LESP to tetragastrin found in
diabetics with autonomic neuropathy could not be explained by motilin.
Gastric emptying was highly correlated with fasting plasma motilin levels and a
significantly accelerated gastric emptying observed in diabetics without complica-
tions or diabetics with diarrhea was considered to be due to hypermotilinemia.
On the contrary, no significant correlation was observed between small bowel
transit time and plasma motilin levels, suggesting no participation of endogenous
motilin in the regulation of small bowel transit. —- lower esophageal
sphincter pressure; gastric emptying; small bowel transit time; motilin; diabetic
autonomic neuropathy

Disturbances of the alimentary tract motility have been observed frequently
in the patients with diabetes mellitus. Swallowing disorder in diabetics with
neuropathy-gastroenteropathy (Mandelstram et al. 1969), significantly fast gastric
emptying of a liquid meal in diabetics without complications (Dotevall 1961),
and delayed small bowel transit time in diabetics with autonomic neuropathy
(Scarpello et al. 1976) have been reported to date. On the other hand, motilin,
discovered by Brown et al. (Brown 1967; Brown et al. 1972), is well known to
affect lower esophageal sphincter (Itoh et al. 1976), gastric emptying (Christofides
et al. 1979, 1981) and small bowel transit time (Ruppin et al. 1976). Motilin has
been considered to be one of the most important gut hormones affecting the
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alimentary tract motility. In this study, we have measured lower esophageal
sphincter pressure (LESP), gastric emptying, small bowel transit time and plasma
motilin concentrations in diabetics and normal subjects in order to investigate the
participation of motilin in the disturbances of the alimentary tract motility in
diabetics.

MaTERIALS AND METHODS

Plasma motilin concentrations in the fasting state. Fasting plasma motilin concentrations
were measured in 42 diabetics (mean age 41 years, range 15-74 years) and 42 normal
subjects (mean age 33 years, range 19-42 years). Diabetics consisted of 15 diabetics
without diabetic complications (mean age 47 years, range 38-66 years), 7 with diabetic
diarrhea (mean age 27 years, rang> 18-33 years), 3 with gastroparesis diabeticorum
(mean age 44 years, range 35-50 years), 7 with autonomic neuropathy involving orthostatic
hypotension, neurogenic bladder, decreased sweating and ejaculatory dysfunction, but
without diarrhea or gastroparesis (diabetics with autonomic neuropathy (others)), (mean
age 39 years, range 19-51 years) and 10 with diabetic nephropathy (mean age 46 years,
range 18-64 years).

LESP, gastric emptying, small bowel transit time and plasma motilin concentrations.
Out of diabetics and normal subjects mentioned above, 11 diabetics without complications
(mean age 45 years, range 38-66 years), 7 with diabetic diarrhea, 3 with gastroparesis, 7
with autonomic neuropathy (others), 4 with nephropathy (mean age 43 years, range
18-60 years) and 14 normal subjects (mean age 24 years, range 19-25 years) participated
in the study of the relationship between LESP, gastric emptying, or small bowel transit time
and plasma motilin concentrations. However, the measurements of LESP were not carried
out in diabetics with gastroparesis or with nephropathy. Therefore, the data of LESP
consisted of the results in diabetics without complications, diabetics with autonomic
neuropathy (others) and normal subjects. All of the diabetics with diarrhea showed a
severe diarrhea with concomitant approximately ten times of bowel movement a day.
The diagnosis of gastroparesis diabeticorum was made according to Malagelada’s criteria
(Malagelada et al. 1980). All of the diabetics except diabetics with nephropathy showed
the normal renal function.

Measurement of plasma motilin concentrations in the fasting state in diabetics and normal
subjects. Plasma motilin concentration was determined at 10 min intervals for 120 min
after an overnight fast, as motilin is known to fluctuate in the fasting state. Correlations
between gastric emptying or small bowel transit time and the following factors of plasma
motilin were investigated: fasting mean motilin concentration (FMMC, pg/ml), the mean
concentration of plasma motilin for 120 min in the fasting state, fasting integrated motilin
concentration (FIMC, ng-min/ml), motilin area calculated from the area circumscribed
by motilin curves for 120 min in the fasting state, postprandial mean motilin concentration
(PMMC, pg/ml), the mean concentration of plasma motilin for 120 min after the ingestion,
postprandial integrated motilin concentration (PIMC, ng.min/ml), and motilin area
calculated from the area circumscribed by motilin curves for 120 min after the ingestion.

Measurements of LESP and plasma motilin concentrations. LESP was measured with
a station pull through method as previously described (Nagasaki et al. 1977). Subjects
were examined in the supine position after an overnight fast. After the measurement of
the resting LESP, a bolus injection of tetragastrin 0.5 ug/kg was carried out and LESP was
measured for 30 min after the injection. Blood collections for the determination of
plasma motilin concentrations were performed at 10 min intervals for 120 min before the
measurement of LESP and 2, 5, 10, 15, 20, 30 min after tetragastrin injection, because
motilin is known to fluctuate in the fasting state.

Measurements of gastric emptying, small bowel transit time and plasma motilin concentra-
tions. Gastric emptying and small bowel transit time were measured simultaneously on
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different days before or after the measurement of LESP. After an overnight fast, subjects
ingested a liquid test meal (protein 9.6 g, fat 4.6 g, carbohydrate 30.0 g, total calorie 212.6 kcal,
pH 6.5, osmolarity 750 mOs/liter, 200 ml) containing acetaminophen 1.5 g and lactulose 13 g.
Gastric emptying was determined by the acetaminophen method (Heading et al. 1973;
Harasawa et al. 1979) and expressed by plasma acetaminophen concentration at 45 min
after the ingestion based on the preliminary study that plasma acetaminophen concentra-
tion at 45 min after the ingestion was most closely correlated with the half gastric emptying
(T1/2) determined by y-camera (Hitachi EDR 4200) with the use of 99 mTc-DTPA (r=0.84,
p<0.01). Plasma acetaminophen concentration was measured by the method of Routh
et al. (1968).

Small bowel transit time was measured by the method of Bond and Levitt (1975) using
13 g of lactulose. Pulmonary hydrogen was collected by the end-expiratory method
(Metz et al. 1976) at 10 min intervals after test meal ingestion and measured by a Yanaco
Type G 1800-T gaschromatograph (Yanagimoto Co., Kyoto) with argon as a carrier gas
(Maruhama et al. 1980). Blood samples for the determination of plasma motilin concentra-
tions were obtained every 10 min for 120 min before and after the ingestion, and collected
into tubes containing aprotinin and EDTA and were kept on ice until separation into
plasma by centrifugation. Plasma samples were kept frozen at -20°C until assay.
Plasma motilin concentration was measured by radioimmunoassay (Shin et al. 1980),
The double antibody method was used to separate bound from free hormone. The
immunoassay system was sufficiently sensitive to detect 25 pg/ml of plasma motilin.
Statistical analysis was carried out by the Student’s t-test. p values less than 0.05 were
considered to be significant. Results were expressed as the meanzs.E.

REsuLTs

Fasting motilin concentrations in diabetics and normal subjects

FMMC and FIMC in diabetics and normal subjects are shown in Fig. 1. FMMC
and FIMC in 42 normal subjects were 123410 pg/ml and 15.24-1.2 ng-min/ml,
respectively. FMMC and FIMC in each group of diabetics were significantly
greater than the values in normal subjects.

LESP and plasma motilin concentrations tn diabetic and normal subjects

In 14 normal subjects, the resting LESP was 26.1+3.5 cmH,0 and LESP rose
significantly from the resting value to 48.0+7.1 cmH,0 after the injection
of tetragastrin (p<0.05, Fig. 2). However, no significant correlation was
observed between FMMC, FIMC or basal motilin concentration before the injection
of tetragastrin (0 min) and the resting LESP (Fig. 3). Plasma motilin concentra-
tions remained unchanged after the injection of tetragastrin and there was no
significant correlation between the response of LESP to tetragastrin and plasma
motilin concentrations after the injection of tetragastrin.

The resting LESP and the response of LESP to tetragastrin were normal in
diabetics without complications. On the contrary, significantly low responses of
LESP to tetragastrin were found in diabetics with diarrhea and in diabetics with
autonomic neuropathy (others) (Fig. 2). There was no correlation between the
resting LESP or the response of LESP to tetragastrin and plasma motilin
concentrations in diabetics.
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Fig. 4. Relationship of fasting mean motilin concentration, or fasting integrated motilin
concentration for 120 min, and plasma acetaminophen at 45 min after ingestion in
normal subjects.

Gastric emptying and plasma motilin concentrations in diabetics and normal subjects

A significant positive correlation was observed between plasma acetaminophen
concentration at 45 min after the ingestion and FMMC or FIMC (r=0.69, p<0.01;
r=0.69, p<0.01) (Fig. 4). Plasma acetaminophen concentration at 45 min after
the ingestion in diabetics without complications, 15.74£2.6 ug/ml, was significantly
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higher than the value in normal subjects, 13.04-1.2 ug/ml, indicating the signifi-
cantly accelerated gastric emptying in diabetics without complications. FMMC
and FIMC were significantly greater in diabetics without complications, and a
significant positive correlation was observed between plasma acetaminophen con-
centration at 45 min after the injection and FMMC, or FIMC in this group (r=0.82,
p<0.01; r=0.82, p<0.01). Diabetics with diarrhea showed a markedly high
concentration of plasma acetaminophen concentration at 45 min after the
ingestion, indicating the markedly fast gastric emptying, with concomitant high
levels of FMMC and FIMC. A significant positive correlation was also found
between plasma acetaminophen concentration at 45 min after the ingestion and
FMMC or FIMC in diabetics with diarrhea (r=0.86, p<0.01; r=0.86, p<0.01). On
the other hand, a significantly low concentration of plasma acetaminophen at 45
min, indicating the significantly delayed gastric emptying, was observed in
diabetics with gastroparesis. Gastric emptying in diabetics with neuropathy
(others) and diabetics with nephropathy was slower, though insignificantly, than
the value in normal subjects (Table 1).

TABLE 1. Plasma acetaminophen concentration at 45 min after ingestion, small bowel transit
time, fasting mean or integrated motilin concentration for 120 min and postprandial
mean or integrated motilin concentration

Aceta- Small Fasting Fasting Postpran-  p, ostprandial
minophen  bowel mean  integrated dial mean ; .° grated
Subjects cone. .at tr{msit motilin motilin motilin motilin cone.
45 min time conc. conce. cone.

(ng-min/ml)

(ugi/ml)r (min) ) (pg/ml) (ngfnrlin/rrnl) (pg/r_nl)

Healthy subjects  13.0+1.2 98+11 127+ 14 15.3+ 1.8 137414 16.6£1.6
(n=14)
Diabetics without  16.8+1.0% 89415 244+ 66* 26.9+ 7.5%  274+43*  33.245. 1%
complications
(n=11)
Diabetics with 21.1+£3.2t 40+ 8% 428+ 791 51.3+ 9.5%  359451f  41.8+4.2]
diarrhea
(n=1)
Diabetics with 7.74+0.6* 60+ 5 2654+ 491 31.84 5.8t 2824247  33.1+3.5%
gastroparesis
(n=3)
Diabetics with 10.24+1.5  1484+18% 3954 421 49.84+ 5.5t  421+49t  58.34T7.4%
autonomic neu-
ropathy (others)
(n=T)
Diabetics with 10.0+£1.8  1034+29 436+103t 52.3+12.4t 51667  59.7+8.5%
nephropathy
(n=4)

* p<0.05, 1 p<0.01, { p<0.001 (vs. normal subject).

Small bowel transit time and plasma motilin concentrations in diabetics and normal
subjects

Small bowel transit time was not correlated with any of FMMC, FIMC, PMMC
and PIMC (Fig. 5). Diabetics without complications showed the normal small
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bowel transit time. Diabetics with diarrhea showed a significantly short small
bowel transit time. No correlation, however, was observed between plasma
motilin concentrations and small bowel transit time. Small bowel transit time
was short in diabetics with gastroparesis, though gastric emptying was markedly
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Fig. 5. Relationship of fasting mean motilin concentration, or fasting integrated motilin
concentration for 120 min, and small bowel transit time in normal subjects.
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delayed. On the other hand, diabetics with autonomic neuropathy (others) showed
a significantly delayed small bowel transit time (Table 1).

Relationship of gastric emptying and small bowel transit time

Correlation of plasma acetaminophen at 45 min after the ingestion and small
bowel transit time was investigated in 14 normal subjects. No correlation was
observed between them (r=0.13).

Immunoreactive motilin in the commercially available insulins

Immunoreactive motilin in the commercially available insulins was measured
in order to investigate the possibility that the commercially available insulins used
in diabetics investigated in this study were responsible for hypermotilinemia. No
immunoreactive motilin was determined in any of commercially available insulins

(Fig. 6).

Discussion

In this study, all of the diabetic patients have been found to show hyper-
motilinemia, and the disturbances of the alimentary tract motility in diabetics have
been shown to be heterogenous. Motilin, as well as other gut hormones, has been
considered to be inactivated by the kidney (Shima et al. 1979). However,
diabetics investigated in this study except those with nephropathy showed the
normal renal function. In addition, no immunoreactive motilin was found in the
commercially available insulins. Therefore, hypermotilinemia observed in diabetics
except those with nephropathy is due to hypersecretion of motilin, though the
mechanism involved could not be clarified in this study.

Exogenous administration of motilin caused the increase of LESP in man
(Rosch et al. 1976) and in dogs (Jennewein et al. 1976). On the contrary,
endogenous motilin was not correlated with LESP (Hellemans et al. 1976). We
also found no correlation between plasma motilin concentrations and the resting
LESP or the response of LESP to tetragastrin. These observations suggest that
endogenous motilin is little involved in the regulation of LESP, and that the
disturbance of LESP in diabetics with diarrhea or diabetics
neuropathy (others) cannot be explained by motilin.

Gastric emptying, expressed by the concentration of acetaminophen at 45 min
after the ingestion, was closely correlated with FMMC, or FIMC in normal
subjects, diabetics without complications and diabetics with diarrhea. Since the
exogenous administration of motilin at the physiologic concentration causes
the significantly accelerated gastric emptying (Christofides et al. 1979, 1981), a
significant positive correlation between gastric emptying and FMMC, or FIMC
suggests that endogenous motilin also enhances gastric emptying. The significantly
accelerated gastric emptying observed in diabetics without complications and
diabetics with diarrhea could be due to the significantly high concentrations of
plasma motilin. On the other hand, gastric emptying in diabetics with gastropare-
sis was markedly delayed in spite of hypermotilinemia. It is known that

with autonomic
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exogenous administration of motilin causes the interdigestive migrating motor
complex (Itoh et al. 1977), and that the elevation of plasma motilin concentration
and the occurrence of the interdigestive migrating motor complex are present
at the same time in man (Peeters et al. 1980) and in dogs (Itoh et al. 1978).
Furthermore, diabetics with gastroparesis have been found to show the lack of
the occurrence of the interdigestive migrating motor complex (Malagelada et al.
1980; Fox and Behar 1980). Therefore, the poor contractile activity of smooth
muscle of the stomach in response to endogenous motilin is, at least in part,
responsible for the delayed gastric emptying in diabetics with gastroparesis.

Some of gut hormones are inactivated mainly by the kidney (Davidson et al.
1973; Curits et al. 1976). In the patients with chronic renal failure, a high level of
gut hormones in the plasma is due to the disturbance of renal inactivation and a
greater part of gut hormones in the plasma is considered to have little physiologic
action. Therefore, the greater part of plasma motilin has little physiologic action
of accelerating the gastric emptying in diabetics with nephropathy, resulting in
the normal gastric emptying. The mechanism involved in the slightly delayed
gastric emptying in spite of hypermotilinema is unclear in diabetics with
autonomic neuropathy (others). A slightly low response of smooth muscle of the
stomach to endogenous motilin, which is not present as gastroparesis clinically, may
be responsible for this slightly delayed gastric emptying.

Ruppin et al. (1976) reported that the exogenous administration of motilin
resulted in the acceleration of small bowel transit. We could not find, however,
any relationship between endogenous motilin concentrations and small bowel transit
time. Therefore, endogenous motilin is considered to be little involved in the
regulation of small bowel transit. Furthermore, the normal small bowel transit
time in spite of the significant hypermotilinemia in dibetics without complications
also suggests the little participation of endogenous motilin in the regulation of small
bowel transit.

Diabetics with diarrhea have shown the significantly short small bowel transit
time. Corbett et al. (1981) reported the significantly short small bowel transit
time in patients with diarrhea due to the irritable bowel syndrome. These observa-
tions suggest that the patients with diarrhea show the short small bowel transit
time, regardless of the different causes of diarrhea. Whether the marked hyper-
motilinemia is one of the causes of diarrhea accompanied by the short small
bowel transit time or is caused by the hypersecretion secondary to the accelerated
motility of small bowel is not clear in this study. However, as mentioned above,
since endogenous motilin is not likely to regulate the small bowel transit, the
marked hypermotilinemia may not be responsible for the short transit time. On
the contrary, small bowel transit time was significantly delayed in diabetics with
autonomic neuropathy (others).

Therefore, diabetics with autonomic neuropathy show the delayed small bowel
transit when they have the normal bowel movement, while they show the short
small bowel transit when they have diarrhea.
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and small bowel transit time in normal subjects.

C. Nakanome et al.

In diabetics with gastroparesis, small bowel transit time was shorter than in
normal subjects.

Furthermore, there was no correlation between gastric emptying
These findings suggest that

gastric emptying and small bowel transit are independent of each other.

Consequently, from the observations described above, we may conclude that

some aspects of the disturbances of gastrointestinal motility in diabetics could
be explained by the relationship between motilin and the contractile activity of
smooth muscle of the gastrointestinal tract in response to motilin.
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