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Abstract

AIM: To examine the effect of intra-gastric triacetin on
both upper gastrointestinal motility and proximal gastric
tone in conscious dogs.

METHODS: Three beagle dogs under sedation were
surgically implanted with gastrocutaneous fistula in the
gastric body and force transducers in the gastric an-
trum and duodenum. Beginning at week-2 after inser-
tion, the animals were either fasted for 24 h or fed a
liquid meal 2-3 h before the experiment. With the ani-
mals fully conscious, a polyethylene bag was inserted
into the proximal stomach through the gastrocutane-
ous fistula, followed by 15 min of air inflation (minimal
distending pressure of +2 mmHg) and then 20 mL of
a low-, mid- or high-concentration triacetin solution
(0.5%, 1.0% and 2.0%) or warm water (vehicle con-
trol). The proximal stomach receptive volume and gas-
tric antral and duodenal contractions were measured
over 10 min. The experiment was repeated twice per
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week over several months, with each animal receiving
at least one infusion of the various triacetin solutions
and the vehicle at different times. Intergroup differ-
ences were assessed by ANOVA and Bonferroni-Dunn
post-hoc testing.

RESULTS: Intra-gastric infusion of mid- and high-con-
centration triacetin induced an increase in the proximal
stomach receptive volume, and the average increase
induced by the high-concentration at 0-4 min after
infusion was significantly greater than that induced
by the vehicle control (62.4 £ 9.8 vs 184 £ 4.7, P <
0.01). The mid- and high-concentration triacetin also
produced a temporary inhibition of the gastric antral
contractions at 2 min after infusions; however, only the
fasted group showed triacetin-induced antral contrac-
tile inhibition that was significantly greater than that in
the vehicle control group (P < 0.05). In addition, only
the fasted group showed a high-concentration triacetin-
induced increase in duodenal contractions at 9-10 min
that was significantly different from that in the vehicle
control group (P < 0.05).

CONCLUSION: Intra-gastric infusion of 1.0%-2.0%
triacetin delays gastric emptying by increasing proxi-
mal stomach receptive volume, temporarily inhibiting
gastric antral contractions and facilitating duodenal
contractions.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Intra-gastric infusion of short-chain triglycer-
ides, such as triacetin, has been shown to delay gastric
emptying in conscious dogs, but the influence on upper
gastrointestinal motility is unknown. The current study
examined time-dependent changes in motility following
intra-gastric triacetin administration at various doses in
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conscious dogs and evaluated the effects of a fasted
vs fed state. Compared to infusion of water (vehicle)
alone, the 1.0% and 2.0% triacetin doses induced a
significant increase in the proximal stomach receptive
volume, a temporary inhibition of gastric antral contrac-
tions, and an increase in the duodenal contractions in
fasted dogs.

Oosaka K, Tokuda M, Furukawa N. Intra-gastric triacetin alters
upper gastrointestinal motility in conscious dogs. World J Gas-
troenterol 2014; 20(4): 1054-1060 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i4/1054.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.1054

INTRODUCTION

Triacetin is both the shortest-chain triglyceride (SCT),
containing fatty acids with two carbons, and the only tri-
glyceride that is soluble in water up to 6%. Its approval
by the Food and Drug Administration as a safe human
food ingredient has led to a series of studies examining
its potential as a therapeutic agent for total parenteral
nutrition'"*. While these studies have shown that triacetin
can improve nitrogen balance"! and protein metabolism™,
with a lack of toxicity"”, they have also shown minimal ef-
fects on mineral metabolism™” due to the feature of wa-
ter solubility. In an 7 vivo study by Lynch ez al” | wherein
rats were fed diets containing triacetin to determine the
effects on total adiposity, fat distribution and body com-
position, triacetin was shown to provide energy without
accumulation in the body by decreasing adipocyte size.
However, this field of research is relatively new and fur-
ther investigations on the nutritive capacities and related
mechanisms of triacetin are still in progress.

A number of other studies have examined the effects
of long-chain triglycerides (ILCTs) on gastrointestinal mo-
tility, demonstrating their effect of delaying gastric emp-
tying and characterizing their feature of slow absorption.
Specifically, it was shown that when digestive products
of LCTs, such as mono- or diglycerides and long-chain
fatty acids, are present in the duodenum and jejunum,
the gastric emptying rate slows down™, and that diges-
tion and absorption of LCTs into the lymphatic system
is dependent upon modification by bile salts. Moreover,
Hunt ¢z al” reported that gastric emptying is slower for
12- to 18-carbon fatty acids than for those composed of
2 to 10 carbons, suggesting that gastric emptying may be
regulated in a manner that allows for optimal intestinal
digestion and absorption of foodstuffs.

The processes of digestion and absorption of SCTs
differ greatly from those of LCTs. SCTs do not require
bile salts for digestion. Their passive diffusion from
the gastrointestinal tract to the portal system has led to
speculation that gastric emptying should not be delayed
by SCTs. However, when triacetin was directly infused
into the stomachs of conscious dogs, the gastric empty-
ing rate was delayed remarkably"”. Gastric emptying of a
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Figure 1 Schematic representation of canine experimental model.

liquid is known to be facilitated by both the proximal gas-
tric tone and antrum motility, both of which may also be
influenced by the fasted/fed (postprandial) state. To de-
termine whether triacetin can alter upper gastrointestinal
motility during the observed delay of gastric emptying
in conscious dogs a barostat and force transducers were
applied to fasted and fed animals in the study described
herein, and the effects of triacetin on upper gastrointesti-
nal motility and the proximal gastric tone were compara-
tively analyzed.

MATERIALS AND METHODS

Animal preparation

All animal care and experimental procedures were ap-
proved by the Animal Research Committee of the Kawa-
saki Medical School (Japan) and conducted in accordance
with the Guide for the Care and Use of Laboratory Ani-
mals"". Three female beagle dogs (weight: 10-11 kg; age:
1-1.5 years) were anesthetized with medetomidine hy-
drochloride (20 pg/kg, subcutaneous) and pentobatbital
sodium (25 mg/kg, intravenous). A midline laparotomy
was performed, and a stainless steel gastrocutaneous
fistula (inner diameter: 15 mm; length: 80 mm) was in-
serted into the middle corpus, with the placement ensur-
ing exteriorization on the left side of the abdomen. Two
force transducers were then sewn onto the wall of the
gastric antrum and duodenum, following the direction of
the circular muscle. The force transducer on the antrum

was sutured at approximately 3 cm from the pyloric ring,
while the force transducer on the duodenum was sutured
at approximately 5 cm distal to the pyloric ring (Figure 1).
The lead wires of the force transducers were positioned
to ensure percutaneous exteriorization of the bilateral
scapulae lower margins. The animals were allowed to
recuperate for two weeks, with daily monitoring for pro-
cedure-related complications, before expetimentation was
initiated.

Experimental procedure

The fully conscious prepared animals were evaluated in
cither the fasting phase (after 24 h fasting) or in the post-
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prandial phase (2-3 h after feeding of a high-calorie, high-
protein liquid diet). For each phase, the experimental
procedure was initiated by opening the gastrocutanecous
fistula and aspirating any contents from the stomach; the
mean aspirated volume from the postprandial stage was
29 + 2.3 mL (n = 24), with a residual ratio of 11%-13%.
A polyethylene bag (diameter: 12-13 cm; capacity: 0-1000
ml) fitted with a double-lumen polyvinyl tube was then
inserted through the gastrocutaneous fistula into the
proximal stomach and slowly inflated with 400-500 mL
of air to ensure proper positioning. After complete defla-
tion of the bag, a polyvinyl tube was introduced into the
stomach through the gastrocutaneous fistula, to allow for
infusion of a triacetin solution or vehicle control (water).
The double-lumen tube and the infusion tube were fixed
with adhesive vinyl tape. Thereafter, the conscious dogs
were placed in a sling with their legs touching the ground
so that they were supported upright without pressure
on the abdomen. The double-lumen tube was then con-
nected to a barostat (Isobat-3; G and | Electronics, To-
ronto, Canada) and the bag was gradually inflated from 2
to 5 mmHg in 1 mmHg stepwise 1 min increments. The
minimal distending pressure (MDP) was determined by
increasing the intra-gastric pressure to the point where
volume variations wete induced by respiratory motions.
In this study, bag volumes of 30-100 mL were required
for the respiratory motions to influence intra-gastric pres-
sure in the dogs; therefore, the MDP was maintained at
approximately 3 mmHg throughout the experiment.

Experimental design

This study used a barostat to examine the acute effects
on fundic relaxation and gastric antral and duodenal con-
tractions in conscious dogs in accordance with the meth-
ods of Furukawa ez al'”. Briefly, the intra-gastric bag was
insufflated with air for 15 min, with the additional +2
mmHg bringing the MDP to 5 mmHg, After the initia-
tion of insufflation for 5 min, 20 mL of pre-warmed (37
C) 0.5%, 1% or 2% triacetin or water were infused di-
rectly into the stomach over a period of 30 s through an
infusion tube in the gastrocutaneous fistula. At the same
time as the infusions, the force transducers were used
to continuously measure the gastric antral and duodenal
contractions.

For each animal, the experimental procedures were
performed twice per week over a period of several
months. Each animal received at least one infusion of
each of the triacetin solutions as well vehicle before com-
pletion of the experimental course. The total numbers of
fasting and postprandial phase experiments were nearly
identical for all three dogs.

Statistical analysis

During the 15 min gastric distension performed at a
MDP of +2 mmHg, the intra-gastric bag volume was
calculated as the gastric tone over 1 min intervals. Ac-
cording to Furukawa ez al'? | the mean values of three
intra-gastric bag volumes at 3, 4 and 5 min after initiation
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of the gastric distension were designated as the basal vol-
ume before intra-gastric infusion of either the triacetin
solutions or water. To evaluate the effect of triacetin on
the proximal stomach receptive volume at a constant dis-
tending pressure, the mean values of the 1 min interval
after the infusion were compared with the mean values
of the basal volume. In addition, the differences between
the basal volume and the volume after the infusion were
calculated at 1 min intervals, with the triacetin data for
the periods between 0-10 min compared to those of wa-
ter. The effect of triacetin on contractility was evaluated
by plotting the relative values of gastrointestinal con-
tractility size that wete obtained at every minute interval
and calculating the area under the curve (AUC). As per
the method described by Furukawa ez a/'”, the average
of the 1 min intervals of AUC from 3 to 5 min after the
onset of distension was used as the control value. The
changes in relative magnitudes of the contractions from
the control values after the infusion were then compared
between the triacetin and water administrations. These
results were expressed as mean * SE The significance
of intergroup differences was assessed by ANOVA with
Bonferroni-Dunn post-hoc testing,

RESULTS

Effects of intra-gastric triacetin on proximal gastric tone
Fasting phase: A slight increase was observed in the
intra-gastric bag volume immediately after the infusion
of water, but was not significantly different from the pre-
infusion volume (Figure 2A). Infusion of 0.5% triacetin
did not produce a significant increase in the receptive
volume, and only a slight distention of the intra-gastric
bag was observed that was similar to that seen for the

water infusion (data not shown). In contrast, infusion of
1.0% triacetin led to a rapid increase in the intra-gastric
bag mean volume, from the mean basal volume of 129.3
+ 10.2 mL to a peak of 189.8 * 14.5 mL at 1 min (» =
8). In addition, infusion of 2.0% triacetin led to a similar
rapid increase, from the mean basal volume of 109.4 *
7.2 mL to 179.1 £ 16.2 mL at 1 min (» = 7) and a peak
of 181.2 + 14.1 mL at 2 min (» = 7). These increases in
the receptive volume induced by 1% and 2% triacetin in-
fusions were significantly greater than the water infusion

(Figure 2A).

Postprandial phase: In the postprandial phase, a slight
increase in the receptive volume was observed that was
similar to that seen during the fasting phase. Infusions
of 1.0% and 2.0% triacetin led to rapid increases in the
receptive volume, which were greater than those induced
by the water infusion but the differences did not reach
statistical significance (Figure 2B).

Time-related effects of intra-gastric triacetin on proximal
gastric tone

Fasting phase: At 0-2 min after infusion of 1.0% triac-
etin, the increase in the receptive volume (56.5 £ 10.1,
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Figure 2 Effect of triacetin on the proximal gastric tone in fasting and postprandial phases. The receptive volume (representative of gastric tone) before and
after infusion in fasted (A, C) and fed (B, D) animals is presented. Data are expressed as mean + SE (A, B) °P < 0.05 for 1% triacetin, °P < 0.05 for 2% triacetin vs
before infusion. (C, D) °P < 0.05, °P < 0.01 for 1% triacetin vs water; °P < 0.05, “P < 0.01 for 2% triacetin vs water. The point of infusion is indicated by an arrow.

n = 8) was significantly greater than that induced by the
infusion of water alone (24.4 * 3.7, » = 12). At 0-4 min
after infusion of 2.0% triacetin, the increase in the recep-
tive volume (62.4 £ 9.8, » = 7) was significantly greater
than that induced by the infusion of water alone (18.4 *
4.7, n = 12) (Figure 2C).

Postprandial phase: During the postprandial phase, the
increases in the receptive volume induced by triacetin were
also larger than those induced by water alone but the dif-
ferences did not reach statistical significance (Figure 2D).

Effects of triacetin on gastric antral and duodenal
contractions
Infusion of water alone produced no obvious changes in
the gastric antral contractions, in neither the fasting and
postprandial phases (Figure 3). In contrast, both 1.0% and
2.0% triacetin induced a temporary inhibition of the gas-
tric antral contractions at 2 min after the infusion. Only the
triacetin-induced inhibition in the fasting phase was signifi-
cantly different from the contractions observed with the
water infusion. However, after the 2 min time point, there
was a tendency for facilitation of the gasttic antral contrac-
tions only for the 2.0% triacetin in both the fasting and
postprandial phases but the differences from the water-
related contractions did not reach statistical significance.
At 1-4 min after the water infusion, a temporary facili-
tation of the duodenal contractions was observed in both
the fasting and postprandial phases (Figure 4). For all
time points thereafter, water induced only inhibition of
the duodenal contractions. In contrast, infusion of 1.0%
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and 2.0% triacetin inhibited the duodenal contractions
for neatly the entire 10-min measurement period in both
phases, with the exception of 2.0% triacetin inducing a
significant increase (vs water alone) in duodenal contrac-
tions at 9-10 min after the infusion.

DISCUSSION

The current study demonstrated that direct infusion of
triacetin into the stomach of conscious dogs alters up-
per gastrointestinal motility. Proximal gastric volume was
also increased by the infusion, which reflects stimulation
of gastric relaxation. Finally, the triacetin was shown to
inhibit gastric antral contractions but induce duodenal

contractions.

Induction of gastric relaxation of the proximal stom-
ach involves two mechanisms. First, gastric relaxation
is stimulated by intra-gastric filling (possibly by expan-
sion of the gastric wall'™), regardless of the substance
involved (solids or liquids). This process is referred to
as gastric accommodation and is responsible for an in-
creased volume tolerance without perception but may
also contribute to maintaining satiation signals at ac-
ceptable volume loads. Second, physical (e.g., osmotic
pressure) and chemical (e.g., H', lipids) parameters of
the stomach and duodenum environments can enhance
gastric relaxation via factors related to the nervous system
ot hormonal axes'™™". In the current study, triacetin did
not appear to influence osmotic pressure, since the 0.5%,
1.0% and 2.0% triacetin was administered as hypotonic
solutions. Moreover, the 20 mL volume that was infused
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into the stomach was not expected to cause expansion
of the gastric wall. The triacetin infusion and subsequent
absorption in the stomach and duodenum appeared to
primarily affect upper gastrointestinal motility. However,
the observation of duodenal facilitation occurring im-
mediately after the infusion of triacetin suggests that the
absorption-related process plays a smaller role than tri-
acetin’s chemical stimulation of the gastric and duodenal
mucosa to causes the gastric relaxation.

Gastric antrum and duodenum contractions have
distinctive mechanisms and patterns. For example, LCT-
mediated effects on contractility are region specific. Par-
ticular LCTs capable of inhibiting antral contractility"”
have also been shown to facilitate stimulation of con-
tractions in segments of the upper duodenum”. In the
current study, the triacetin infusion first led to inhibition
of gastric antral contractions, which was followed by an
increase at later time points of the infusion. Moreover,
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the infusion appeared to facilitate duodenal contractility.
Since there was only a short period of inhibition of the
antral contractions, it remains unclear whether this inhibi-
tion was responsible for causing the delay of gastric emp-
tying. However, such modulations of the gastric antrum
and duodenum are expected to induce the closing of the
pylorus, which may be the ultimate cause of the delayed
gastric emptying, With regard to the observed diphasic al-
terations (ze., inhibition and facilitation) in the gastric an-
trum, the initial inhibition may be induced by stimulation
of gastric antral mucosa, while the subsequent facilitation
may be induced by stimulation of the duodenal mucosa.
LCTs are known to stimulate release of the hormone
cholecystokinin (CCK), which acts to reduce proximal
gastric tone"” and inhibit gastric emptyingm] via activa-
tion of the CCK receptors on the vagal afferent nerves.
In turn, the inhibitory vagal afferents in the brainstem are
activated™. SCTs, on the other hand, produce very little
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°P < 0.05 for 2% triacetin vs water.

to no effects on CCK release”. Therefore, the mecha-
nism of effect for triacetin, a SCT, may differ from that
of the LCTs.

In the current study, the effects of triacetin related
to fasting and fed states were also examined. While the
results were largely similar for both the fasted and post-
prandial phases, statistically significant differences were
only observed in the fasted animals. It is possible that
the up-regulated hormonal factors that occur during the
postprandial phase may have interfered with the triacetin,
masking the effects.

In conclusion, our current results indicate that triace-
tin rapidly induces a temporary relaxation in the proximal
stomach that is followed by contraction in both the gas-
tric antrum and duodenum. This mechanism of triacetin
may differ from that of LCTs, but further investigations
are needed to confirm this distinction.
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COMMENTS

Background

Gastric emptying is adjusted very precisely by gastrointestinal motility, so it is
very important to examine the change of gastrointestinal motility after adminis-
trated the dietary ingredient. The authors reported preliminarily that an infusion
of triacetin, which is expected as a new nutritional ingredient, into the stomach
delayed the gastric emptying rate in conscious dogs. However, it is still unclear
whether triacetin can change upper gastrointestinal motility during a delay of
gastric emptying.

Research frontiers

Triacetin has been generally recognized by the Food and Drug Administration
as being a safe human food ingredient. In the area of gastrointestinal motility
with triacetin, the research hotspot is the change on the proximal gastric tone
and the upper gastrointestinal motility.

Innovations and breakthroughs

In this study, to research the effect of triacetin on the gastric tone of the proximal
stomach in conscious dogs, the authors used a polyethylene bag to measure
the receptive volume of the proximal stomach at a constant pressure before
and after the intra-gastric infusion of triacetin. Moreover, to determine the effect
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of triacetin on the upper gastrointestinal contractile activities, the authors used
force transducers to measure the gastric antral and duodenal contractions. The
animals were either fasted for 24 h or fed a liquid meal 2-3 h before the experi-
ment. Triacetin rapidly induces a temporary relaxation in the proximal stomach
that is followed by contraction in both the gastric antrum and duodenum. The
effect of triacetin was largely similar for both the fasted and postprandial phases,
statistically significant differences were only observed in fasted animals.

Applications

Intra-gastric infusion of 1.0%-2.0% triacetin delays gastric emptying by increas-
ing proximal stomach receptive volume, temporarily inhibiting gastric antral
contractions and facilitating duodenal contractions.

Peer review

This manuscript reports novel information on the effect of short-chain triglycer-
ides on gastric emptying in conscious dogs. The Authors demonstrate convinc-
ingly that Intra-gastric infusion of 1.0%-2.0% triacetin induced an increase of
the receptive volume of the proximal stomach, and caused temporary inhibition
of the gastric antral contractility, which are suggestive of a retardation of gastric
emptying.
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