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Wireless Monitoring of Gastrointestinal
Transit Time, Intra-luminal pH, Pressure
and Temperature in Experimental Pigs:
A Pilot Study

Jan Bure$*?**, Véra Radochova?, Jaroslav Kvétina?, Darina Kohoutova®, Martin Valis®,
Stanislav Rejchrt’, Jana Zdarové Karasova$, Ondrej Soukup?, Stépan Suchanek®?, Miroslav Zavoral?

ABSTRACT

Background: There is no single gold standard for investigation of gastrointestinal motility function. Wireless motility monitoring involves a
novel concept which provides a complex information on gastrointestinal function (gastrointestinal transit time, intra-luminal pH, pressure
and temperature). Gastrointestinal motility functions of experimental pigs are very similar to those of humans. That is why porcine studies
have already provided suitable experimental models for several preclinical projects.

Aims: The aim of our study was to adopt methods of non-invasive wireless monitoring of gastrointestinal functions in experimental pigs.
Methods: Five experimental adult female pigs were enrolled into the study. Wireless motility capsules were delivered into the porcine
stomach endoscopically. Gastrointestinal transit and intra-luminal conditions were recorded for five days.

Results: Records of animals provided good (3 pigs) or very good quality files (2 pigs). 31150 variables were evaluated. Mean time of the
presence of capsules in the stomach was 926 + 295 min, transfer of a capsule from the stomach into the duodenum lasted 5-34 min. Mean
small intestinal transit time was 251 + 43 min. Food intake was associated with an increase of gastric luminal temperature and a decrease
of intra-gastric pressure. The highest intra-luminal pH was present in the ileum. The highest temperature and the lowest intra-luminal
pressure were found in the colon. All data displayed a substantial inter-individual variability.

Conclusions: This pilot study has proven that a long-term function monitoring of the gastrointestinal tract by means of wireless motility
capsules in experimental pigs is feasible. However, both ketamine-based induction of general anaesthesia as well as long-lasting general
anaesthesia (> 6 hours) should be avoided to prevent retention of a capsule in the porcine stomach.
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INTRODUCTION

Motility function of the entire gastrointestinal tract be-
longs to the most complex and most fragile systems in
human body (1). There is no single gold standard for its
investigation. Usually, it is necessary to combine several
methods. Motor function of the oesophagus is mostly in-
vestigated by means of oesophageal impedance/pH-metry,
reflux scintigraphy and/or high-resolution manometry
(2-7). Examination of the gastric motility function uses
gastric emptying scintigraphy, ®C-acetate or *C-octanoic
acid breath tests, electrogastrography, magnetic resonance
imaging, antroduodenal manometry, ancillary testing (in-
cluding barostat and satiety testing) or EndoFLIP (Endo-
scopic Functional Lumen Imaging Probe: high-resolution
impedance planimetry system). EndoFLIP may be also
used for the assessment of oesophageal motility function,
in fact, it can replace oesophageal manometry in some pa-
tients (8-18). Investigation of the intestinal motor func-
tion is the most demanding and the least accurate. There
are only a few methods available for routine clinical prac-
tice so far. Examinations usually rely on the oro-caecal,
small intestinal and/or colonic transit time measurements
(lactose-(13C)ureide breath test, indirectly hydrogen
& methane breath tests, scintigraphic transit time testing,
radio-opaque markers and pellets propulsion) (19-21). Sy-
nucleinopathy is an indirect marker of motor dysfunction
(e.g. in Parkinson disease) (22). Important part of a com-
plex investigation is small intestinal bacterial overgrowth
testing (23-25).

Wireless motility monitoring involves a novel concept
which provides a complex information on gastrointestinal
function. The wireless motility/pH capsule is an orally in-
gested, non-digestible, data recording device that enables
a simultaneous assessment of a segmental and whole gut
transit. This capsule was approved by the US Food and
Drug Administration for the evaluation of patients with
suspected delayed gastric emptying and the evaluation of
colonic transit time in patients with chronic idiopathic

Fig. 1 Wireless motility capsule measures 27 x 12 mm (weight
4.5 g). A special roth net was used for capsule delivery into the
porcine stomach.
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constipation. The device continuously measures tempera-
ture, pH, and pressure of its surrounding structures while
passing through the gastrointestinal tract (via gut peri-
stalsis) until exiting the body through the anus. Validated
patterns in pH and temperature recordings allow accurate
measurements of gastric emptying, small bowel transit,
colonic transit, and whole gut transit times (26-28).

Gastrointestinal motility functions of experimental
pigs are very similar to those of humans. That is why por-
cine studies have already provided suitable experimental
models for several preclinical projects (29-31). Group of
Professor Griffin published an important study of wireless
recording of the gastrointestinal motility and luminal con-
ditions in experimental pigs (32). The aim of our current
study was to adopt Professor Griffin’s methods to our own
porcine experimental setting. Studies on gastrointestinal
motility are of utmost importance, especially in the con-
text of side effects induced by drugs, e.g. medication used
for treatment of dementia and malignancies.

METHODS

PRELIMINARY TESTING

Preliminary data were obtained from three experimental
adult female pigs (Sus scrofa f. domestica, hybrids of Czech
White and Landrace breeds; 4-month-old; mean weight
40.2 + 1.5 kg; median 39.5 kg). The aim of this preliminary
part was planned to check the feasibility of wireless data
acquisition. However, both ketamine-based induction of
anaesthesia (20 mg/kg i.m.) in one animal and long-term
general anaesthesia (> 6 hours) in another two pigs were
associated with a retention of motility capsules in the por-
cine stomach during the entire 5-day period.

ANIMALS

Another five experimental adult female pigs (Sus scrofa
f. domestica, hybrids of Czech White and Landrace breeds;
4-month-old; mean weight 41.2 + 5.5 kg; median 39.5 kg)
were enrolled into the main part of the study. The animals
were purchased from a certified breeder (Stépanek, Dolni
Redice, Czech Republic; SHR MUHO 2050/2008/41). The
pigs were housed in an accredited animal laboratory (Fac-
ulty of Military Health Sciences, Hradec Kralové). During
a two-week acclimatization, all animals were fed with a
standard assorted Al food (Ryhos, Novy Rychnov, Czech
Republic) in equal amounts twice a day, and had free ac-
cess to a drinking water.

DESIGN OF THE STUDY

All experiments were commenced in the morning on over-
night fasting animals. Drugs used as an induction of an-
aesthesia were medetomidine 0.1 mg/kg i.m., butorphanol
0.3 mg/kg i.m. and midazolam 0.3 mg/kg i.m. Subsequent
short-term general anaesthesia was maintained by iv.
propofol (repeated one-mL boluses per 20 mg, in total less
than 5 mL; time < 10 min.) only for the endoscopic deliv-
ery of motility capsules into the middle part of the gastric
body.
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Wireless motility capsules (SmartPill, Medtronic,
Dublin, Ireland) were purchased from Imedex (Hradec
Krélové, Czech Republic). Capsules were delivered into the
porcine stomach endoscopically using a video-gastroscope
GIF-Q180 (Olympus Optical Co, Tokyo, Japan) dedicated
for animal use only. A special roth net (Steris, US Endos-
copy, Mentor, OH, USA) was used to facilitate this installa-
tion (Figure 1). After full recovery from a short-term gen-
eral anaesthesia, animals were free to move in unlimited
manner with an unrestricted access to water. Food intake
was allowed from four hours onwards. Data from wireless
motility capsules was recorded for five days continuously,
and these were available for subsequent detailed analysis.

STATISTICS

All data was tested statistically by means of the SigmaStat
software (Version 3.1, Jandel Corp, Erkrath, Germany).
Distribution of data was assessed by Kolmogorov-Smirnov
test; Shapiro-Wilko test was used for evaluation of nor-
mality of sampled data. Descriptive statistics, unpaired
t-test (for normal distribution) and Mann-Whitney rank
sum test (for non-normal distribution) were used to treat
variables.

ETHICS

The Project was approved by the Institutional Review
Board of the Animal Care Committee of the University
of Defence (Protocol Number MO 171673/2019-684800),
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Faculty of Military Health Sciences, Hradec Kralové. The
study was conducted in accordance with the policy for
experimental and clinical studies (33). Animals were held
and treated in conformity with the European Convention
for the Protection of Vertebrate Animals (34).

RESULTS

Records of animals of the main study part provided good
(3 pigs) or very good quality files (2 pigs), see Figure 2.
Mean time of overall recording was 6537 + 712 min. (me-
dian 6538 min.). In total, 31150 variables were evaluated.
Mean time of the presence of capsules in the stomach was
926 + 295 min. (median 1091 min.), transfer of a capsule
from the stomach into the duodenum lasted 5-34 min.
(median 8 min.). Capsules migrated back from the duo-
denum into the stomach spontaneously three times (for
13, 14 and 63 min.). Mean small intestinal transit time was
251 + 43 min. (median 233 min.). Other major results are
shown in Table 1 and Figures 3-6.

DISCUSSION

We have implemented investigation of gastrointestinal
motility function by means of wireless capsules to our
experimental practice successfully. Yet, our initial experi-
ence is still limited, therefore it is required to evaluate our
first findings with caution.
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Fig. 2 Intra-luminal pressure is recorded 120-times per minute (mm Hg), pH is registered 12-times per minute and temperature
is measured 3-times per minute (°C). Pressure in red, pH in green, temperature in blue.
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Tab. 1 Wireless monitoring of intra-luminal pH, temperature and pressure.

A B C
Mean =+ Std. Mean =+ Std. Mean #+ Std.
Parameter Dev. Dev. Dev.
Median Median Median
IQR IQR IQR
1.1+£0.6 45+0.7 4415
pH 11 4.6 47
0.6-1.4 4.3-49 3.1-5.2
38.8+1.4 39.2+04 39.1+£0.2
Temperature 39.3 393 39.1
38.9-39.5 39.1-394 39.1-39.3
24+13 2116 35+37
Pressure 2.1 1.5 2.3
1.5-2.8 1.1-25 1.5-3.8
Maximal 104 £ 11.1 11.3+13.6 279 £ 64.7
ressure 7.0 6.8 9.9
P 3.8-13.7 3.1-16.1 3.2-17.3

D E F
Mean + Std. Mean + Std. Mean + Std.
Relevant
Dev. Dev. Dev. significance
Median Median Median g
IQR IQR IQR
81+13 9.0+0.2 75+05 B>A(p<0.001)
8.4 8.9 7.3 E>D(p<0.001)
7.8-8.8 8.9-9.1 7.1-7.8 E > F (p<0.001)
39.1+ 0.6 39.2:0.7 40.0+04 | B>A(p=0.004)
39.1 39.4 40.0 F>D(p<0.001)
38.8-39.6 38.5-39.8 39.6-40.3 F>E(p<0.001)
3.6+22 4124 21+16 A>B (p < 0.001)
C>B(p<0.001)
3.2 3.6 1.6 E > D (p < 0.001)
2.5-42 2.7-4.8 1.0-2.6 E > F (p < 0.001)
18.4 +30.4 19.3+13.5 101+98 | A>B(p=0.018)
C>B(p=0.014)
14.1 17.3 7.7 £ > D (p < 0.001)
9.7-18.9 11.3-23.3 3.1-14.3 p<?.

E>F(p<0.001)

Group A: stomach under fasting condition; B: stomach after food intake; C: passage of a capsule from the stomach to the duodenum; D: jejunum;
E:ileum; F: colon. The pH inversely indicates the concentration of hydrogen ions in the solution; values of temperature are given in degrees Celsius (°C);

values of pressure are measured in Torr (mm Hg).

pH = -log(H+) = -log([H+]/M); Std. Dev.: standard deviation; IQR: inter-quartile range
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Fig. 3 Monitoring of intra-luminal pH. Group A: stomach under fasting condition; B: stomach after food intake; C: passage
of a capsule from the stomach to the duodenum; D: jejunum; E: ileum; F: colon. Median, inter-quartile range and outliers.
Selected statistically significant differences: B > A (p < 0.001); E > D (p < 0.001); E > F (p < 0.001).

To highlight our results, the presence of capsules in
the stomach was surprisingly long. We assume that this
time does reflect rather delayed expulsion of a capsule
from the porcine stomach than real gastric emptying
time. Nevertheless, according to our previous endoscopic
experience, the porcine stomach has almost always con-
tained remnants of food, even after a long fasting peri-
od. Torus pyloricus (muscular gatekeeper of the pylorus)

contributes to this fact. Food intake was associated with an
increase of gastric luminal temperature and a decrease of
intra-gastric pressure. Total small intestinal transit time
was relatively short (entire length of the porcine small
bowel is around 12 metres). The highest intra-luminal pH
was present in the ileum. The highest temperature and the
lowest intra-luminal pressure were found in the colon. All
data displayed a substantial inter-individual variability.
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Fig. 4 Intra-luminal temperature. Group A: stomach under fasting condition; B: stomach after food intake; C: passage
of a capsule from the stomach to the duodenum; D: jejunum; E: ileum; F: colon. Median, inter-quartile range and outliers.
Selected statistically significant differences: B > A (p = 0.004); F > D (p < 0.001); F > E (p < 0.001).
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Fig. 5 Intra-luminal pressure. Group A: stomach under fasting condition; B: stomach after food intake; C: passage
of a capsule from the stomach to the duodenum; D: jejunum; E: ileum; F: colon. Median, inter-quartile range and outliers.
Selected statistically significant differences: A > B (p < 0.001); C > B (p < 0.001); E> D (p < 0.001); E > F (p < 0.001).

Similar variability features were found in experimental
porcine electrogastrography, too (35-38). In this study, we
decided to deliver the wireless capsule endoscopically, so
that gastric content could be removed from the stomach
before the capsule was placed (drunk water, gastric juice,

regurgitated bile). Endoscopy also enabled a quick inser-
tion of a capsule and thus shortened the duration of gen-
eral anaesthesia.

There are only sparse experimental studies available
so far (32, 39-41). The most detailed data on the use of
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Fig. 6 Maximal intra-luminal pressure. Group A: stomach under fasting condition; B: stomach after food intake; C: passage
of a capsule from the stomach to the duodenum; D: jejunum; E: ileum; F: colon. Median, inter-quartile range and outliers.
Selected statistically significant differences: A > B (p = 0.018); C > B (p = 0.014); E > D (p < 0.001); E > F (p < 0.001).

wireless motility capsules in experimental pigs was pub-
lished by Henze et al. (32). They investigated four male pig-
lets (15-17 kg). Gastric emptying time under fasting condi-
tions ranged from 68 to 233 hours. Transit times through
the porcine small intestine were much more consistent
than for the gastric compartment and ranged between
2-4 hours. The mean colonic transit time in this study was
highly variable (21-169 hours) (32).

Warrit et al. (41) studied wireless motility capsules in
adult healthy dogs. Median gastric emptying time was
20 hours (wide range 6-119 hours). Gastric pressure pat-
tern and pH was dependent on the phase of food consump-
tion. Mean small intestinal transit time was 3 hours (range
2-5 hours). Mean large bowel transit time was 21 hours
(range 1-69 hours). There was a considerable inter-indi-
vidual variation in motility patterns and transit times in
dogs (41).

Last but not least, it is necessary to point out that both
ketamine-based induction of general anaesthesia as well
as long-lasting general anaesthesia (> 6 hours) were asso-
ciated with a retention of motility capsules in the porcine
stomach during the entire 5-day period. In our previous
study on electrogastrography in experimental pigs we
found out that ketamine, administered even in a single
intramuscular dose, affected myoelectric function of the
porcine stomach (42). Henze et al. (32) also found a capsule
retention in the stomach in 3 of 8 piglets in their study.
The authors did not mention what type of anaesthesia they
used and did not state if ketamine was omitted for the in-
duction of general anaesthesia (32).

Clinical use of wireless motility capsules has been
reported since early 2010s (43-46). Motility pattern was

studied in gastroparesis (43), irritable bowel syndrome
(44) and for assessment of the effect of different drugs
(e.g. erythromycin or morphine) (45). Wireless motility
data correlated with scintigraphy in delayed gastric emp-
tying (46).

Wireless, non-invasive complex investigation of gas-
trointestinal function will enable future experimental
studies of gastrointestinal side effects of oncology chemo-
therapy. It also will facilitate further research of acetyl-
cholinesterase inhibitors, modulators and re-activators
and last but not least will extend possibilities of preclinical
pharmacokinetic projects.

We are aware of possible limits of this pilot study. In
spite of the assisting dedicated software that suggests time
frames, we were not able to set time intervals fully pre-
cisely. Different parameters were combined to estimate
particular periods. Fasting condition is associated with
low gastric pH while intake of food is characterized by an
increase of pH and temperature. The passage of a capsule
from the stomach to the duodenum is associated with an
increase of intra-luminal pressure and pH. Intra-lumi-
nal pressure in the colon is lower compared to the small
intestine. The most questionable point is the time border
between the jejunum and ileum. It is impossible to set it
exactly even at porcine gross anatomy and histology (with
an assumption of two equal lengths) (47-51).

CONCLUSIONS

Our methodical study has proven that a long-term func-
tion monitoring of the gastrointestinal tract by means of
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wireless motility capsules in experimental pigs is feasi-
ble. However, both ketamine-based induction of general
anaesthesia as well as long-lasting general anaesthesia
(> 6 hours) should be avoided to prevent retention of a
capsule in the porcine stomach.

ACKNOWLEDGEMENTS

The authors are much grateful to Professor Brendan T
Griffin, School of Pharmacy, University College Cork, Ire-
land, for his highly-valued advice and recommendations.

The authors thank Richard Uhlif, Daniel Kolaf, Lenka
Lackova and Jana Duri$ova for their excellent technical
cooperation and support.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

FUNDING

This work was supported by research projects DZVRO
MO1012 and MH CZ - DRO (UHHK, 00179906).

REFERENCES

1. Said H (ed). Physiology of the Gastrointestinal Tract. 6th Edition.
London: Academic Press, 2018.

2. Solnes LB, Sheikhbahaei S, Ziessman HA. Nuclear Scintigraphy
in Practice: Gastrointestinal Motility. AJR Am ] Roentgenol 2018;
211(2): 260-6.

3. Chae S, Richter JE. Wireless 24, 48, and 96 Hour or Impedance or
Oropharyngeal Prolonged pH Monitoring: Which Test, When, and
Why for GERD? Curr Gastroenterol Rep 2018; 20(11): 52.

4. Shim LSE, Ngu MC, Yau Y, Russo R. Reflux scintigraphy in gas-
tro-esophageal reflux disease: a comparison study with 24hour
pH-impedance monitoring. Scand ] Gastroenterol 2022 Jan 21: 1-5.

5. Jehangir A, Malik Z, Parkman HP. Characterizing reflux on high res-
olution esophageal manometry with impedance. BMC Gastroenterol
2022;22(1): 112.

6. Yadlapati R, Gyawali CP, Pandolfino JE; CGIT GERD Consensus Con-
ference Participants. AGA Clinical Practice Update on the Personal-
ized Approach to the Evaluation and Management of GERD: Expert
Review. Clin Gastroenterol Hepatol 2022; 20(5): 984-994.e1.

7. Zhang ], Wang X, Wang J, et al. Does hypopharyngeal-esophageal
multichannel intraluminal impedance-pH monitoring for the diag-
nosis of laryngopharyngeal reflux have to be 24 h? Eur Arch Otorhi-
nolaryngol 2022; 279(11): 5323-9.

8. Chen JZ, McCallum RW (eds). Electrogastrography. Principles and
Applications. NewYork: Raven Press, 1994.

9. Parkman HP, Hasler WL, Barnett JL, Eaker EY. American Motility
Society Clinical GI Motility Testing Task Force. Electrogastrography:
adocument prepared by the gastric section of the American Motility
Society Clinical GI Motility Testing Task Force. Neurogastroenterol
Motil 2003; 15(2): 89-102.

10. Koch KL, Stern RM. Handbook of Electrogastrography. Oxford: Ox-
ford University Press, 2004.

11. Bure$], Kopa¢ova M, Vorisek V, et al. Correlation of electrogastrogra-
phy and gastric emptying rate estimated by 13C-octanoic acid breath
test in healthy volunteers. Folia Gastroenterol Hepatol 2007; 5(1):
5-11.

12. Bures$], Kabeld¢ K, Kopacova M, et al. Electrogastrography in patients
with Roux-en-Y reconstruction after previous Billroth gastrectomy.
Hepato-Gastroenterology 2008; 55(85): 1492-6.

13. O'Grady G, Abell TL. Gastric arrhythmias in gastroparesis: low- and
high-resolution mapping of gastric electrical activity. Gastroenterol
Clin North Am 2015; 44(1): 169-84.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

17

Carlson DA, Kahrilas PJ, Lin Z, et al. Evaluation of Esophageal Motili-
ty Utilizing the Functional Lumen Imaging Probe. Am J Gastroenterol
2016; 111(12): 1726-35.

Desprez C, Roman S, Leroi AM, Gourcerol G. The use of impedance
planimetry (Endoscopic Functional Lumen Imaging Probe, End-
OFLIP) in the gastrointestinal tract: A systematic review. Neurogas-
troenterol Motil 2020; 32(9): e13980.

McCallum RW, Parkman HP (eds). Gastroparesis. Pathophysiology,
Clinical Presentation, Diagnosis and Treatment. London: Academic
Press, 2021.

Kamiya T, Fukuta H, Hagiwara H, Shikano M, Kato T, Imaeda K. Dis-
turbed gastric motility in patients with long-standing diabetes mel-
litus. ] Smooth Muscle Res 2022; 58(1): 1-10.

Martinek J, Hustak R, Mares J, et al. Endoscopic pyloromyotomy for
the treatment of severe and refractory gastroparesis: a pilot, ran-
domised, sham-controlled trial. Gut 2022; 71(11): 2170-8.

Van Den Driessche M, Van Malderen N, Geypens B, Ghoos Y, Veere-
man-Wauters G. Lactose-(13C)ureide breath test: a new, noninvasive
technique to determine orocecal transit time in children. J Pediatr
Gastroenterol Nutr 2000; 31(4): 433-8.

Cremonini F, Mullan BP, Camilleri M, Burton DD, Rank MR. Perfor-
mance characteristics of scintigraphic transit measurements for
studies of experimental therapies. Aliment Pharmacol Ther 2002;
16(10): 1781-90.

Hammer HF, Fox MR, Keller J, et al. European H2-CH4-breath test
group. European guideline on indications, performance, and clinical
impact of hydrogen and methane breath tests in adult and pediatric
patients: European Association for Gastroenterology, Endoscopy and
Nutrition, European Society of Neurogastroenterology and Motility,
and European Society for Paediatric Gastroenterology Hepatology
and Nutrition consensus. United European Gastroenterol ] 2022;
10(1): 15-40.

Challis C, Hori A, Sampson TR, et al. Gut-seeded a-synuclein fibrils
promote gut dysfunction and brain pathology specifically in aged
mice. Nat Neurosci 2020; 23(3): 327-36.

Bures J, Cyrany ], Kohoutova D, et al. Small intestinal bacterial over-
growth syndrome. World J Gastroenterol 2010; 16(24): 2978-90.
Quigley EMM, Murray JA, Pimentel M. AGA Clinical Practice Update
on Small Intestinal Bacterial Overgrowth: Expert Review. Gastroen-
terology 2020; 159(4): 1526-32.

Bushyhead D, Quigley EMM. Small Intestinal Bacterial Overgrowth
- Pathophysiology and Its Implications for Definition and Manage-
ment. Gastroenterology 2022; 163(3): 593-607.

Saad RJ], Hasler WL. A technical review and clinical assessment of the
wireless motility capsule. Gastroenterol Hepatol (NY) 2011; 7(12):
795-804.

Farmer AD, Scott SM, Hobson AR. Gastrointestinal motility revisited:
The wireless motility capsule. United European Gastroenterol ] 2013;
1(6): 413-21.

Saad RJ. The Wireless Motility Capsule: A One-Stop Shop for the Eval-
uation of GI Motility Disorders. Curr Gastroenterol Rep 2016; 18(3):
14.

Suenderhauf C, Parrott N. A physiologically based pharmacokinetic
model of the minipig: data compilation and model implementation.
Pharm Res 1995; 30(1): 1-15.

Kararli TT. Comparison of the gastrointestinal anatomy, physiology,
and biochemistry of humans and commonly used laboratory ani-
mals. Biopharm Drug Dispos 1995; 16(5): 351-80.

Gonzalez LM, Moeser AJ, Blikslager AT. Porcine models of digestive
disease: the future of large animal translational research. Transl Res
2015; 166(1): 12-27.

Henze L], Koehl NJ, Bennett-Lenane H, et al. Characterization of gas-
trointestinal transit and luminal conditions in pigs using a telemetric
motility capsule. Eur ] Pharm Sci 2021; 156: 105627.
Tveden-Nyborg P, Bergmann TK, Lykkesfeldt]. Basic & clinical phar-
macology & toxicology policy for experimental and clinical studies.
Basic Clin Pharmacol Toxicol 2018; 123(3): 233-5.

Explanatory Report on the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other Scientific
Purposes (ETS 123). Strasbourg: Council of Europe, 2009.

Bures J, Kvétina J, Tacheci I, et al. The effect of different doses of at-
ropine on gastric myoelectrical activity in fasting experimental pigs.
J Appl Biomed 2015; 13(4): 273-7.

Bures$ J, Kvétina J, Radochova V, et al. The pharmacokinetic parame-
ters and the effect of a single and repeated doses of memantine on
gastric myoelectric activity in experimental pigs. PLoS One 2020;
15(1): e0227781.

Bure$ ], Tacheci I, Kvétina J, et al. The Impact of Dextran Sodium Sul-
fate-Induced Gastrointestinal Injury on the Pharmacokinetic Param-
eters of Donepezil and Its Active Metabolite 6-O-desmethyldonepez-



18

38.

39.

40.

41.

42.

43.

44.

il, and Gastric Myoelectric Activity in Experimental Pigs. Molecules
2021;26(8): 2160.

Bure$ J, Tacheci I, Kvétina J, et al. Dextran Sodium Sulphate-Induced
Gastrointestinal Injury Further Aggravates the Impact of Galantam-
ine on the Gastric Myoelectric Activity in Experimental Pigs. Phar-
maceuticals (Basel) 2021; 14(6): 590.

Rauch S, Muellenbach RM, Johannes A, Zollhéfer B, Roewer N. Gas-
tric pH and motility in a porcine model of acute lung injury using a
wireless motility capsule. Med Sci Monit 2011; 17(7): BR161-164.
Rauch S, Johannes A, Zollhéfer B, Muellenbach RM. Evaluating in-
tra-abdominal pressures in a porcine model of acute lung injury by us-
ingawireless motility capsule. Med Sci Monit2012; 18(5): BR163-166.
Warrit K, Boscan P, Ferguson LE, et al. Minimally invasive wireless
motility capsule to study canine gastrointestinal motility and pH. Vet
J2017;227:36-41.

Bure§ ], Kvétina ], Radochova V, et al. Effect of ketamine, an NMDA-re-
ceptor antagonist, on gastric myoelectric activity in experimental
pigs. Gastroent Hepatol 2022; 76(4): 309-18.

Sarosiek I, Selover KH, Katz LA, et al. The assessment of regional
gut transit times in healthy controls and patients with gastroparesis
using wireless motility technology. Aliment Pharmacol Ther 2010;
31(2): 313-22.

Lalezari D. Gastrointestinal pH profile in subjects with irritable
bowel syndrome. Ann Gastroenterol 2012; 25(4): 333-7.

45.

46.

47.

48.

49.

50.

51.

Jan Bure$ et al. Acta Medica (Hradec Krélové)

Rozov-Ung I, Mreyoud A, Moore J, et al. Detection of drug effects on
gastric emptying and contractility using a wireless motility capsule.
BMC Gastroenterol 2014; 14: 2.

Sangnes DA, Sgfteland E, Bekkelund M, Frey J, Biermann M, Gilja OH,
Dimcevski G. Wireless motility capsule compared with scintigraphy
in the assessment of diabetic gastroparesis. Neurogastroenterol Mo-
til 2020; 32(4): e13771.

Redlich J, Souffrant WB, Laplace JP, Hennig U, Berg R, Mouwen JM.
Morphometry of the small intestine in pigs with ileo-rectal anasto-
mosis. Can ] Vet Res 1997; 61(1): 21-7.

Adeola O, King DE. Developmental changes in morphometry of the
small intestine and jejunal sucrase activity during the first nine
weeks of postnatal growth in pigs. ] Anim Sci 2006; 84(1): 112-8.
Montagne L, Boudry G, Favier C, Le Huérou-Luron I, Lallés JP, Séve B.
Main intestinal markers associated with the changes in gut archi-
tecture and function in piglets after weaning. Br ] Nutr 2007; 97(1):
45-57.

Bures ], Pejchal J, Kvétina J, et al. Morphometric analysis of the
porcine gastrointestinal tract in a 10-day high-dose indomethacin
administration with or without probiotic bacteria Escherichia coli
Nissle 1917. Hum Exp Toxicol 2011; 30(12): 1955-62.

Al Masri S, Hiinigen H, Al Aiyan A, et al. Influence of age at wean-
ing and feeding regimes on the postnatal morphology of the porcine
small intestine. ] Swine Health Prod 2015; 23(4): 186-203.



