The Pathogenesis of Gastric Emptying Disorders
Associated with Diabetes Mellitus
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Dye Method

plasma or serum samples

|

deproteinization by Na,S03;-Na,S0,
extraction by ethylene dichloride
containing isoamylalcohol

v

ethylene dichloride layer

2-2-diphenyl-1-
picrylhydrazyl dye

incubation at 60°C for 80 min

v

absorbance at a wavelength of 527 mu

Fig. 1. Experimental procedure for the determina-
tion of acetaminophen (APAP) using dye method.
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Fig.2. Gastric emptying rate of liquid test meal

measured by isotopic method in one case.
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Gastric resection
(n=1)

Control
(n=18)

Serum APAP concentration

Pyroric stenosis
(n=1)

0 15 30 45 60 90 120min.

Time after test meal ingestion

Fig.3. Changes of serum APAP concentration in
normal subjects (n=18).
Results are expressed as mean=®SD.
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0 T L T

0 30 60 90 min, T1/2
APAP o )

pg/ml 120 min.

0 T T T
0 30 60 9‘0 min, T1/2 0 30 60 90 min, T1/2
Half time of istopic method
Fig. 4. Correlation between serum APAP concentration in 11 subjects chosen at random

and half time (T1/2) of them measured by isotopic method. Serum APAP concentration
at 45 min. was best correlated with T1/2 of isotopic method.
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Fig.5. Reproducibility of APAP method. Second
trial was performed one or two weeks after first
trial.
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Fig.6. Serum APAP concentration at 45 min. in
four diabetic groups and controls. Four diabetic
groups were as follows;

Group I: DM without complications.

Group II: DM only with peripheral neuropathy.
Group Ill: DM with two complications or
triopathy except autonomic neuropathy.

Group IV: Group Il DM with autonomic neuro-
pathy.

* p<0.05, ** p<0.01, compared with control
values.

Results are expressed as mean=+SD.
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Fig.7. Influence of diabetic nephropathy on serum

APAP concentration at 45min. in grouplV
diabetic patients. Group IV diabetics were
classified by PSP test (15 min.) as follows;
Group A: DM with normal renal function,
25% < PSP test.

Group B: DM with renal dysfunction, 20% <
PSP test<25%.

Group C: DM with renal insufficiency, 15% <
PSP test<209%.

Results are expressed as mean+SD.
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Table 1. Relationship between serum APAP con-
centration at 45 min. and HbA . in each
diabetic group

HbAc<10.1 HbA1c>10.0
. 7.34%2.41 8.45%0.62
Group [ (n=8) (n=4)
10.3%+2.81 10.0%=3.68
Group I =7 (n=4)
7.88+2.18 6.80x1.17
Group I (n=5) (n=4)
4.85%+2.65 4.78%2.93
Group [V “=10) n=9)
7.31+3.16 6.86+3.19
All DM (n=30) (n=21)

Classification of diabetic groups was shown in Fig.

6. Values are expressed as mean=®SD.
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Fig. 8. Relationship between serum APAP con-

centration at 45 min. and heart rate variation

(HRV).

three groups by HRV value.

Diabetic patients were divided into

HRV wvalue in

healthy controls was 18.1+8.6 (n=18).
*, p<0.01, compared with control values.
Results are expressed as mean=+SD.
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Fig. 9. Relationship between serum APAP con-
centration at 45 min. and 30 : 15 ratio. Diabetic
patients were divided into three groups by the
value of 30:15 ratio, 30:15 ratio in healthy
controls was 1.31%£0.23 (n=18).

*, p<0.01, compared with control values.
Results are expressed as mean+SD.
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Fig. 10. Changes of serum gastrin concentration
after test meal ingestion in controls and each
diabetic group. Classification of diabetic groups
was as shown in Fig. 6.
(®#——@), Healthy control (n=18); (0——0),
Group I DM (n=12); (A——a4), Group II DM
n=11); (A——A4), GroupllDM (n=9); (o
o), Group IVDM (n=10).
*, p<0.05, compared with serum gaétrm levels in
controls at each time.
Results are expressed as mean+SEM.
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Fig. 11.

Correlation between serum APAP concentration at 45min. and fasting serum

gastrin concentration or integrated gastrin response (IGP, over 45 min.) in diabetics.
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Fig.12. Changes of plasma pancreatic polypeptide
(PP) concentration after test meal ingestion in
controls and each diabetic group. Classification
of diabetic groups was as shown in Fig. 6.
(@——®), Healthy control (n=13); (0——0),
Group I DM (n=9); (a 4), Group II DM
n=7; (o o), Group IV DM (n=6).

*, p<0.05, **, p<0.01, compared with plasma PP
levels in controls at each time.
Results are expressed as mean+SEM.
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Fig.13. Correlation between serun APAP con-
centration at 45 min. and integrated PP response
(IPPR, over 45 min.) in diabetics.
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Motilin
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Plasma motilin concentration
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Fig. 14. Changes of plasma motilin concentration
after test meal ingestion in controls and each
diabetic group. Classification of diabetic groups
was as shown in Fig. 6.
(#——@), Healthy control (n=10); (0——0),
Group I DM (n=9);(A——a4), Group Il DM
n=7); (o o), Group IV DM (n=86).
*, p<0.05, compared with plasma motilin levels
in controls at each time.
Results are expressed as mean+SEM.
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Abstract

Diabetic gastroparesis is one of complications in longstanding diabetic patients and is
speculated to be due to vagal neuropathy, but its pathogenesis remains obscure. In this paper,
gastric emptying was studied in 51 diabetic patients with and without autonomic neuropathy, and
in 18 healthy, non-diabetic controls, using the acetaminophen (APAP) method. Gastrointestinal
hormones such as gastrin, pancreatic polypeptide (PP) and motilin in plasma were assayed in
order to evaluate a correlation between the hormones and gastric emptying. As an assessment of
vagal tone, heart rate responses were measured during the testing. The APAP method was found
to be very useful in the measurement of gastric emptying, because the APAP concentration at 45
minutes following a test meal correlated well with the half gastric emptying time independently
measured by isotopic studies. Therefore, APAP concentration at 45 minutes was regarded as a
good parameter of gastric emptying rate. Diabetic patients with an autonomic neuropathy had a
significant delay in gastric emptying of liquid when compared to controls. A group of diabetic
patients with a minimal heart rate response also had a delay in the gastric emptying rate which
is thought to be related to vagal neuropathy. Moreover, there was a significant positive
correlation between the gastric emptying rate and the plasma PP level in diabetic patients.
Plasma PP level is thought to be related to cholinergic activity, thus the low plasma PP level, the
poor heart rate response and a delay in gastric emptying may be related by vagal hypofunction.
Diabetic patients with only a peripheral neuropathy had a significantly more rapid gastric
emptying rate than controls. The plasma PP and serum gastrin levels were higher in this group
of diabetics, suggesting that disproportion of the autonomic nervous system had already occurred.
This disproportion of the autonomic nervous systern may be one of causes of rapid gastric
emptying. And another cause may be motilin. Fasting plasma motilin level showed a high
correlation with the gastric emptying rate in healthy controls, which suggests that a physiological
level of motilin may accelerate gastric emptying. Thus the elevated plasma motilin levels seen in
the group of diabetic patients with only peripheral neuropathy may also contribute to the rapid
gastric emptying of liquid observed in this group.



