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Abstract

Gastric motility is the process of continuous propagation of peristaltic waves from the anterior part of the
stomach to the pylorus region. These waves aid in the digestion of foods, importantly play a major role in
gastric emptying of foods. The present study aimed to investigate whether ageing influences gastric
motility in response to apple consumption. Subjects were asked to consume apple and water in the ratio
of 3:1 followed by MRI scanning in the right lying position. Antral contraction wave characteristics like
speed, frequency, amplitude and width of the wave and occlusion percentage were calculated. Average
contractions per minute were obtained as 2.67+0.06 for young age and 2.43+0.22 for middle-aged healthy
humans. From the obtained results, no significant difference was found between the assessed motility
parameters.

Keywords: Gastric motility, Magnetic resonance imaging, Propagation speed, Antral contraction waves,
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1. Introduction

Digestion of foods is a complex process involving both the chemical and mechanical
breakdown of foods (Lamond et al., 2019) 8], Digestion primarily starts in the mouth, salivary
amylase acts on the food and converts it into a bolus. The bolus is a semi-solid food ball with
particles of average particle size less than or equal to 6 mm (Bornhorst & Paul Singh, 2014) [,
Movement of the bolus from the mouth to stomach is facilitated by peristalsis. Peristaltic
waves travel right from the oesophagus to pyloric region of the stomach carrying out various
vital functions in the stomach. In the stomach region, peristaltic waves originate as small
indentations from the anterior part, i.e., fundus and deepen when they reach pylorus (Liu et al.,
2020) 9, These waves when reach the posterior part of the stomach lead to occlusion of the
stomach wall. This process helps in mechanical digestion of foods, as the pressure exerted by
the stomach wall squeezes and breaks down the food by processes called fragmentation and
erosion (Fanbin Kong & Singh, 2009) 161, Gastric acid and enzyme-like pepsin carry out the
chemical digestion. After completion of digestion, particles less than 2 mm pass into the
duodenum through pylorus valve for further intestinal digestion and nutrient absorption. The
process of emptying chyme from the stomach is called as gastric emptying (Gopirajah &
Anandharamakrishnan, 2014) P, Peristalsis, otherwise called as gastric motility plays a vital
role in gastric emptying of foods.

Peristalsis is defined as the propagation of a series of antral contraction waves that originate as
shallow indentations from the anterior part of the stomach and deepens while nearing the
pylorus at an average of 3 per minute (Schulze, 2006) 9. Gastric motility occurs in four
stages during the fasted state. Phase I lasts for 40 to 60 minutes with moderate contraction
strength, then phase 11 occurs with the similar time, but high contraction frequency, followed
by a short phase 111 for 4 to 5 minutes, during which all the undigested material escapes out of
the stomach. Phase IV is a transitional phase between phase 111 and phase | that occurs for 15-
30 minutes duration. (F. Kong & Singh, 2008) 1, When a meal is ingested, tonic contractions
begin at the proximal part of the stomach that help in the food movement, which when proceed
towards the antral region is termed as peristaltic contractions, occur at the rate of 3 cycles per
minute (Pal, Brasseur, & Abrahamsson, 2007) %1, The energy required for the breakdown of
food particles is mainly derived from antral contractions (Marciani et al., 2001) 1. These
waves contribute to the squeezing effect of food in the antral region, resulting in emptying.
Various studies reported that gastric motor function has a significant effect on liquid emptying
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compared to solid emptying, as these waves are responsible
for antro-duodenal pressure differences and transpyloric flow
(Hausken, Mundt, & Samsom, 2002) [*2, Determination of
ACW characteristics and its dependence on age is also a huge
scope of the study as it is a primary determinant in assessing
gastric emptying behaviour.

Various studies in the literature report the dependence of
gastric motor function on physiological factors like age,
gender and health status (Camps, De Graaf, & Smeets, 2018;
Hellstrom, Samuelsson, Al-Ani, & Hedstrom, 2017) 12,
Different conclusions were derived on the effect of ageing on
gastric motor function. Bonner and team performed a study on
gastrointestinal transit time and reported insignificant
differences while Madsen and Graff reported the other way,
based on various other factors considered (Bonner et al., 2015
Bl Graff, Brinch, & Madsen, 2001) ™. Type of meal, the
physical state of the meal, calorific value, composition, etc is
some other factors that play a key role in regulating gastric
motor function (Maes, Ghoos, Geypens, Hiele, & Rutgeerts,
1995 P4: Sandhu, El Samahi, Mena, Dooley, & Valenzuela,
1987) 1. ACWs of the stomach in vivo is generally
determined by various oral administration techniques and
image-based techniques. Oral administration techniques
include breath test, impedance, smart pill test, etc. while
image-based techniques include scintigraphy,
ultrasonography, MR, etc. (Brogna et al., 1998; Camps et al.,
2018; Du et al., 2017; Sachdeva et al., 2013) 21, Out of all
the above-mentioned techniques, MRI is considered more
appropriate due to its high resolution and accuracy. This non-
invasive technique is more appealing as it can be used to
measure gastric emptying and wall motion without exposing
the subject to radiation (Parkman, 2018) 261,

Among various factors mentioned, gastric motility is one such
factor that regulates the process of digestion. A hence deeper
understanding of gastric motility parameters provides insights
on gastric responses that vary with age and type of food.
These help in the formulation of foods based on the response
of the gastro-intestinal system. Therefore, the present study is
planned to investigate whether age influences gastric motility
in humans, which is also a key determinant in the case of
gastric emptying. To examine that in vivo trials were
performed in two different age groups, young (20-30 years)
and middle (40-50 years) and ACW characteristics were
analyzed.

2. Materials and Methods

2.1 Selection of subjects and screening

A total of six healthy volunteers, three from each young and
middle age group were selected as subjects. Volunteers with
any sort of surgeries, implants or gastrointestinal disorders,
pregnant woman, smokers, alcohol addicts are excluded from
the study. Subjects were asked to fast overnight (at least 8 hrs)
before scanning. MRI scanning was performed in the early
hours from 7.30 am to 10 am. All the subjects were given a
questionnaire to clarify their health status. A research
information sheet was provided before the study procedure in
both native (Tamil) and the English language for the
information of the volunteers. Finally, written consent was
taken from the volunteers about their willingness to
participate in the study. The study protocol was approved by
the ethical committee of K. A. P. V Govt Medical College and
Mahatma Gandhi Memorial Govt Hospital, Tiruchirapalli,
Tamil Nadu.
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2.2 Test sample

Apple, a low Gl and high dietary fibre contained fruit
commonly preferred by all age groups were selected as the
test sample. Fresh and optimum matured red delicious variety
apples were selected and procured from local markets of
Thanjavur. 300 g of apple along with 100 ml of water was
given a test sample.

2.3 Study design

Firstly, scanning was performed for the young age group
followed by middle age group in the early hours, 7.30 am to
10.00 am at MGMGH, Tiruchirapalli, Tamil Nadu. Subjects
were asked to consume the given amount of test sample at a
normal pace within 15 minutes. After ingestion of the test
sample and the prescribed amount of water, subjects were
made to lie in the right decubitus position for a total time of
two hours of digestion. Scheme 1 represents the whole
scanning procedure followed during the present study.

2.4 MRI scanning of human volunteers

MRI of all subjects was performed using a Siemens 1.5 T
magnetron scanner. Whole scanning procedure was followed
according to the procedure mentioned by Gopirajah and team
(Gopirajah, Raichurkar, Wadhwa, & Anandharamakrishnan,
2016). Cine dynamic scan was performed to assess the antral
wave characteristics of the stomach in response to apple
ingestion. Gastric motility scan was performed in axial plane
using dynamic motility cine scan with free-breathing, to
determine the ACW characteristics of the stomach after
ingestion of test meal. A total of 120 measurements were
taken for every 1 minute scan period for every 5 minutes for
the first 30 min and for every 15 minutes to the rest of the 1.5
hours of study time. Table 1 lists different scanning
parameters used during gastric motility scan in MRI.

Table 1: List of parameters used for gastric motility scan in MRI

machine
Parameters Gastric motility scan
Echo time (ms) 1.44
Repetition time (ms) 50.1
Slice thickness (mm) 6
No. of slices 1
Distance factor (%) 20
Flip angle (°) 80
Scan time (s) 60
Field of view (mm) 340

2.5 Assessment of gastric motility

ACW characteristics like width, amplitude, frequency,
occlusion percentage and gastric motility index (GMI) were
determined using in-house analysis software associated with
the Siemens MRI machine. calculations were performed
based on the method explained Kwiatek and co-workers
(Kwiatek et al., 2006). A central line called antropyrloral axis
was drawn from the upper part of the stomach to pylorus, i.e 8
cm distant from pylorus which serves as a base for
determining the contraction frequency and speed. Tips and
bases of ACW waves along the antral wall were identified to
calculate occlusion percentage (%), width and amplitude (cm)
of the propagating waves, thus determining the gastric
motility parameters. For assessing the speed and frequency of
the wave, successive dynamic sequence images for about 20 s
were taken in which antropyloral axis can be drawn so that
propagation of the antral wave is traced clearly (Baba et al.,
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2009) . Below are the formulas used in determining the
meal volume and gastric motility parameters.

Meal volume = (Area of the meal in each slice) * slice
thickness

Occlusion percentage = ([1 — occlusion diameter / antral
diameter] * 100)

Width of ACW = (W1 +W?2)/2

Amplitude of ACW = (Al + A2) /2

Gastric motility index = ((Distance of propagation of ACW
wave)?) / time

Contraction speed = No. of. Contractions / minute

2.6 Statistical analysis

All the statistical analyses required for the study were
performed in Graphpad Prism 8 software. Unpaired t-test was
performed to assess the ACW characteristics in two age
groups. All the in vivo experiments were done in triplicates
and results are expressed in the form of mean + standard
deviation.

3. Results

All the participants, three from young and three from middle
age group underwent MRI scanning successfully. Despite the
small sample size, the present study exhibited excellent
feasibility in assessing the gastric motility. Good contrast
images were obtained at high speed. A clear demarcation
between axial plane images of the stomach contents and wall
movements were obtained. All the calculations were carried
out taking pylorus as an anchoring point and drawing an axis
called antropyloral axis away from pylorus till a distance of 8
cm (Gopirajah et al., 2016) 29, It was used as a reference line
to determine the stomach wall movement during digestion of
apple. Figure 1 shows the propagation of ACWSs and their
parameters that are to be determined.

http://www.thepharmajournal.com

different age groups.

Occlusion percentage in the antrum region of both the age
groups are found to be similar without any significant
difference (P=0.99). Similar results were also found with
average contractions per minute, i.e., 2.67+0.06 and
2.43+£0.22 in young and middle age groups respectively
(P=0.33). Width and amplitude of the ACW's were also
determined, in which no notable difference was observed
between two age groups (P=0.72). Gastric motility index of
20-30 years age group was 28.3+0.06 and it was 2.61+0.23
mm?/s for middle age group, with no marked difference (P =
0.61). Table 2 lists some of the ACW values obtained in two
different age groups.

Table 2: ACWs in young and middle-aged volunteers

acw parameters | 2 | 050 vearsy
ACW speed (mm/s) 3.5+0.012 3.3+0.032
Frequency (s) 22.5+0.52 24.77+2.178
Contractions per min 2.67+0.062 2.43+0.222
Percentage occlusion (%) 37.99+9.562 37.945.872
GMI (Cm?/s) 2.83+0.062 2.61+0.232
Width (Cm) 1.14+0.132 0.97+0.422
Amplitude (Cm) 0.95+0.192 1.11+0.342

Fig 1: Axial plane images of dynamic motility scan depicting the
position of ACWs and other related parameters,

(@) 1. Propagating ACWs, (b) 2. Occlusion diameter (c) 3.
Width of ACW, 4. The amplitude of the wave.

The propagation speed of the ACW wave in 20-30 years age
group was 3.5+0.01 mm/s while it was 3.3£0.03 mm/s for
middle age grouped volunteers. No significant difference was
found between the propagation speed of two different age
groups (P=0.51). The average frequency of the ACW was
found to be 22.5+0.5 and 24.77+2.17 seconds in young and
middle age group respectively (P=0.423). Figure 2 shows the
plots obtained for frequency and propagation speed in two

Data are expressed as average = SD of the variables per group, n = 3.
Means with a different superscript in the same row indicate the
significant difference (p< 0.05).

4. Discussions

Very few studies reported the effect of ageing on gastric
motility while most of the studies are focussed on gastric
motor function as a whole. In a study on determination of
postprandial antral wave frequency, no significant difference
was reported among the two different age groups, young and
old age (Madsen & Graff, 2004) 21, Bonner and co-workers
in their study on varying the type of meal among four
different age groups reported that no significant differences
were found between the age groups which consumed the same
type of meal, while significant differences were observed in
case of the varying meal (Bonner et al., 2015) Bl The present
study also reported similar results following the above
literature reports. There was no significant difference found
among the assessed ACW characteristics between the two
different age groups. Above findings can be attributed to
considering the same type of test meal and selection of
subjects with healthy ageing without any disorders. ACW
characteristic parameters reported in this study were in range
with the values reported by Gopirajah and co-workers in a
study made on comparison of two fibre loaded solid meals of
different viscosity and various other literature reported values
(Gopirajah et al., 2016 19 Kwiatek et al., 2006) 1. The
altered gastric motor function can be associated with various
intrinsic or extrinsic factors, which in turn also affect the
glycemic response.

Extrinsic factors like food-its physical state, physical and
chemical properties and intrinsic factors like pyloric
contractile activity, tonic pressures, vagal activity and some
digestive disorders play a key role while age and sex only
have a minor effect (Graff et al., 2001; Horowitz et al., 1984)
4, Many studies also confirmed a positive relationship
between the ACW propagation speed and half emptying
times, i.e., more rapid the waves propagate, faster the
emptying of food. Gastric waves are observed to be slow in
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case of hyperglycaemic patients (Marathe et al., 2015) [?2,
Average contractions per minute of the human stomach are 3,
while it varies based on various external and internal
influencing conditions. ACW characteristics also depend on
various food properties like caloric density, viscosity and
physical state of meal and health status of individuals (Alyami
et al., 2019; Calbet & MacLean, 1997; Sachdeva et al., 2013)
(27, Baba and team determined the motility of two
populations; healthy and gastroparesis patients, in which they
found that motility parameters assess were significantly lower
in gastroparesis patients compared to healthy individuals
(Baba et al., 2009) [, These changes in gastric motor function
can be attributed to pyloric contractibility, particularly
sustained tonic pressure, terminating the transpyloric flow
(Moore, Tweedy, Christian, & Datz, 1983; Salles, 2007).
These differences are more commonly observed upon
ingestion of liquid foods while solid foods preserve the
peristaltic movements. Due to the consideration of apple, a
solid meal as a test sample, no differences in motility
parameters were observed between the two different age
groups.

5. Conclusion

Studies on gastric motility in response to ingestion of
particular foods provide deep insight into the fate of food and
its interaction with the gastric system. Also, understanding the
various factors that affect gastric motility is of great
significance. In addition to recent studies on engineering the
foods to increase their residence times in the gastric region,
research on altering the gastric motility has taken up the era.
Hence studies on gastric motility and their characteristics
have drawn attention in both food and medical fields. The
present study focused on determining the variation of gastric
motility in two different age groups, in response to ingestion
of apple. There was no significant difference observed
between the two age groups, i.e., young and middle in terms
of all the antral contraction wave parameters calculated. This
result confirms the insignificant effect of age on gastric motor
function upon solid ingestion, while further variation in age,
i.e., elderly group and varying meal type on motility can be an
interesting area of future research.
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