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Roentgenologic Studies on the Small Intestine, Especially on Effects

of Foodstuffs on the Gastric Evacuation and the Function
of the Small Intestine
Effects of a Hypoprotein-Diet on Human Subjects

By
Hiromu Tachiiri, Keiji Hori, Ikuo Kadowaki, Takeshi Kotake,

Tsutomu Yoshinari, Yutaka Kuru, and Setsuko Machi
Department of Radiology, Osaka University Medical School, Osaka, Japan
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Introduction

It is interesting how different diets may differently influence the function of the
gastrointestinal tract. For instance, the Japanese live mostly on rice, while the Japanese-
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American live mostly on Americanized diets (usually flesh, milk, bread, etc.) resulting
in a higher incidence of gastric cancer in the former than the latter®.

In our previous report®, this subject was studied with dogs subjected to a three
day fasting or ingested with different kinds of food for ten days. The fat-barium
meal group showed the most marked difference in experimental results from the
control group (water-barium meal) followed by the carbohydrate-barium meal group
and the protein-barium meal group in order. Differences of experimental results were:
usualy more markedly revealed in this order when various kinds of pretreatment
were performed to all the groups.

In the present experimentation, we demonstrated how different sorts of diet added
to the routine barium meal may influence the gastrointestinal tract differently when.
human subjects were pretreated with a routine diet and with a hypoprotein-diet.

Methode and Results

The subjects stadied were healthy men aged between 40-50 years. In order to put
them on experimental meals and to observe these influences on their gastrointestinal
tract, we admitted them to our hospital. They were fed with a routine diet for
about two weeks. Then clinical and roentgenological examinations were required
for them before they were confirmed to be normal so that they might be employed
as controls. Thus four healthy co-operative subjects who were little affected by
psychological influences were selected for the study.

Experimental diets, employed were as follows :

a. Routine diet (daily)

Calorie 2,200 Cal.

Protein i 80 g.
b. Hypoprotein-diet (daily)

Calorie 1.700 Cal.

Protein 40 g.

A study was made of the changes in the function of the small intestine due to-
different sorts of foodstuff added to a routine barium meal, after they were given a
routine diet. Then, they were given a hypoprotein-diet before they were examined
in the same way. They were checked up every weekend. They had been kept in fast-
ing for twelve hours prior to ingestion of a contrast meal. The contrast media employed

were as follows :
a. Water-barium meal

Routine barium meal 100 ml.

Water 200 rnl.
b. Carbohydrate-barium meal

outine barium meal 100 ml.

Water 200 ml.

Sk gt
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Glucose
Protein-barium meal
Routine barium meal
Water

Plasma

Fat-barium meal
Routine barium meal
Water

Olive-oil

30 2.

100 ml
200 ml
30 g.

100 ml.
170 ml.

30 ml
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Roentgenologic examinations were carried out at half hour intervals till the contrast
meal reached the caecum, with a series of films taken under fluoroscopic observations

and/or cineradiographic recordings.

The function of the gastrointestinal tract was manifested by the gastric evacuation
of the barium meal, the width and continuity of the intestinal barium filling, the
speed and mode of the intestinal movement and transit time, i.e. a period required
for the barium meal to reach the caecum after ingestion (Table I and II).

um Stream

Table 1. Routine Diet.
Water-Barium | Carbohydrate- | Protein-Bariuwm| Fat-Barium
Meal Barium Meal Meal Meal
e L 1[,-1[, hrs. 1-2 hrs. '[;-1'/; hrs. )
%?St;m Evacuation smooth relatively smoo-| relatively smoo- iirrlé_rsl"ﬂ o
n & regular th & regular th & regular e
nfugg; ?:ilgsct:i(::glmg:r:; wide relatively nar- | relatively wide | narrow
% " | & continuous row & uneven | & continuous | & uneven

Speed and Mode of the
Intestinal Movement

slow & gentle

relatively rapid
& active

relatively slow
& gentle

rapid & active

Barium Meal Residues

e Sy L nothing almost nothing | almost nothing | motley
Transit Time 1-2 hrs. 1-2 hrs. 1-2 hrs. 1*/,-4 hrs.
Table II. Hypoprotein-Diet.

rium Stream

Water-Barium | Carbohydrate- | Protein-Barium | Fat-Barium
Meal Barium Meal Meal Meal
; : 1'/,-3 hrs. 21/,-3'[, hrs. 1-3!/; hrs. I
%?Stﬂc Euacuation smzooth relzaltively smoo-| relatively smoo- ;r ri-hii;r( 151
me & regular th & regular | th & regular €
V::Ktl%h aIn cl Ct(3nt1ln %‘t? wide wide relatively nar- | narrow
2l Ie s ieslng. oa & continuous & continuous row & uneven | & uneven

Speed and Mode of the

slow & gentle

slow & gentle

relatively rapid

rapid & active

Intestinal Movement & active

gﬁgemml\dtgilinlzemdue nothing almost nothing | motley ?ambgfjfnt’

Transit Time 3!/,-4 hrs. 2'[,-3 hrs. 2'/,-3 hrs. 3'/,~4 hrs.
Discussion

The present investigations of the human small intestine with a carbohydrate-barium
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meal, with a protein-barium meal and with a fat-barium meal showed almost the
same tendency as those of dogs. The fat-barium meal group showed the most marked
deviation in the experimental results from the control group (water-barium meal)
followed by the carbohydrate-barium group and the protein-barium group in order.
Mattsson, etc®. described a method for studying both gastric emptying time and
transit time through the small intestine roentgenologically by means of a physiologic:
contrast medium. Their barium meal mixed with a foodstuff contained protain,
carbohydrate, fat, etc. (Table III). In their 30 normal cases the barium meal required
about four hours after ingestion for a whole evacuation from the stomach, spending
about two hours for the first portion of the barium meal to reach the caecum. These:
results are similar to those obtained in the present study with the fat-barium meal.

Table III. Physiologic Contrast Medium
by Mattsson, etc.

g Fat gf;g:’hy Protein
Corn oil T4 | 74 — —
Re e 12| 0.5 50 63
Dextrose 138 | — 138 -—
PEG i B EEF
Serum albumine 1| — - 1
Water 1,000 74.5 188 G4
mg per ml.: 60 150 50

The caloric content of the meal: 1.25 cal./ml.
PEG (polyethylenglycol) is used as a non-
absorbable reference substance.

Next, a study was made of the changes in the function of the small intestine
following pretreatment with a hypoprotein diet. This pretreatment resulted in a
change in the deviation order, i.e., the fat-barium meal group, the proteinbarium meal
group and the carbohydrate-barium meal group. These results are also correspondent
to those with dogs. It was interpreted that the pretreatment might have given these
subjects a habituation to carbohydrate, i.e., glucose.

There have been several roentgenologic studies made of the gastrointestinal tract of
human subjects suffering from malnutrition during the wartime. For instance, Berridge
and Prior? examined radiologically the alimentary tracts of 85 undernourished boys
and 69 undernourished girls at an orphanage at Duisburg. They observed the evidence
of slight gastric ptosis but could not observe the abnormality in the small intestines of 63
of the boys and 42 of the girls. In the small guts of the remainder the changes of
“ segmentation ”’ and *flocculation ’? were observed. The gastric emptying times and
the small intestinal transit times were within normal limits. The alimentary tracts
of 21 of the boys and 20 the girls were examined again after one year on a diet
containing the German rations and unlimited amounts of bread. The results were

AT
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about the same as those previously observed. According to Hino®, in the small in-
testines of patients suffering from malnutrition during the wartime, the tone was found
reduced and the diameter wider in some places.

We observed similar results to the above authors except for the transit time. That
is, when the water-barium meal was used, no significant difference was observed
between influences of the routine diet and those of the hypoprotein diet (Table I and II).
The transit time influenced by the hypoprotein diet proved longer than confrol. In
Japan, however, the transit time of healthy human subjects is 3 fto 5 hours on an
average®, so that the present data obtained seem to be within normal limits.

Pendergrass, etc®:”. demonstrated that the muotility of the gastrointestinal tract was
reduced in patients suffering from nephrosis. According to our opinion, such de-
creased motility may be due to not only the disease itself but also to a prescribed diet.

Summary

A series of experiments is made on effects of a barium meal containing glucose,
plasma, or olive-oil on the gastrointestinal motility of healthy human subjects, following
pretreatment with a routine diet or a hypoprotein diet. The results are almost the
same as those of dogs described in our previous report. The fat-barium meal group
shows the most marked deviation in the experimental results from the control group
(water-barium meal) followed by the carbohydrate-barium group and the protein-
barium group in order, following pretreatment with a routine diet. Pretreatment with a
hypoprotein-diet results in reduced influences of the subjects ingested with a carbohy-

drate-barium meal.
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15 min. p.c. 30 min.p.c.

@

1 hr. p.c. 1!/, hrs. p.c.

Fig. I a. A human subject was given a routine diet as the pretreatment.
A contrast medium employed was water-barium meal. Intestinal barium
stream ran slowly and continuously without residue. The diameter of
barium stream was wide. Intestine moved gently.

— 52 —
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1 hr. p.c. 1!/, hrs. p.c.

Fig. I b. A human subject was given a routine diet as the pretreatment.
A contrast medium employed was carbohydrate-barium meal. Intestinal
Larium stream ran relatively rapidly and unevenly with almost no residue.
‘The diameter of barium stream was relatively narrow. Intestine moved

relatively actively.

— 53 —
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1 hr. p.c. 1Y/, hrs. p.c.

Fig. I c. A human subject was given a routine diet as the pretreatment.
A contrast medium employed was protein-barium meal. Intestinal barium
stream ran relatively slowly and continuously with almost no residue.
The diameter of barium stream was relatively wide. Intestine moved

relatively gently.

— 54 —



WEF3T423 H258 1201

15 min. p.c. 30 min. p.c.
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1 hr. p.c. 1!/, hrs. p.c.

Fig. I d. A human subject was given a routine diet as the pretreatment.
A contrast medium employed was fat-barium meal. Intestinal barium
stream ran rapidly and unevenly with mottle residue. The diameter of

barium stream was narrow. Intestine moved actively.



1202 A s A EE %21 w128

i

f

¥

%

15 min. p.c. 30 min. p.c.

- N

ﬂi‘\;.;u o

1'/, hrs. p.c.

Fig. II a. A human subject was given a hypoprotein-diet as the pretreatment.
A contrast medium employed was water-barium meal. Intestinal barium
stream ran most slowly and continuously without residue. The diameter

of barium stream was most wide. Intestine moved most gently.
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1!/, hrs. p.c.

Fig. I b. A human subject was given a hypoprotein-diet as the pretreatment.
A contrast medium employed was carbohydrate-barium meal. Intestinal
barium stream ran slowly and continuously with almost no residue. The

diameter of barium stream was wide. Intestine moved gently.

— 57 —
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30 min. p.c.

liil‘!
N L

1 hr. p.c. 1/, hrs. p.c.

Fig. II c¢. A human subject was given a hypoprotein-diet as the pretreatment.
A contrast medium employed was protein barium-meal. Intestinal barium
stream ran relatively rapidly and unevenly with mottle residue. The
diameter of barium stream was relatively narrow. Intestine moved relati-

vely actively. (Mesontorium communic).
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1!/, hrs. p.c.

Fig. II d. A human subject was given a hypoprotein-diet as the pretreatment.
A contrast medium employed was fat-barium meal. Intestinal barium stream
ran most rapidly and unevenly with mottle residue. The diameter of barium

streamn was most narrow. Intestine moved most actively.
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