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Introduction 
 
This system processes both the slow and the fast 
electrical waves simultaneously and independently 
though still using one pair of electrodes with low noise 
- high resistance input, specifically designed for in-vivo 
recording of spontaneous or elicited electrical activity 
of the gastrointestinal system of different animal speci-
es. 
The user, therefore, is able to watch both the basic 
activity of the smooth muscle rhythm generators and 
the action currents or propagating electrical complexes 
accompanying smooth muscle contractions, parallel. 
Signals of the Amplifier then in turn could be recorded 
on a computer system for storing and analysis. 
The unit can be used both for acute and chronic 
experiments, including isolated organ experiments, in-
vivo recording in anaesthetised animals and also 
chronic recording with implanted electrodes. 
The wide scale of available experimental situations 
and its outstanding technical properties maket his 
amplifier a very useful and versatile tool for any 
laboratory interested in gastrointestinal research. 

Ag/AgCl Sensor 
 
Electrodes are attached to the had of the 
preamplifier by banana plugs. Silver-silver 
chloride bipolar wire electrodes are used 
in the in vivo experiments which are 
sewed into the external surface of the 
intestine (or stomach or oesophagus, 
respectively). Leads are attached to 
connectors fixed to the skull of the 
animals. Electrodes could be sterilised 
either by fluid or by gas; heat sterilisation 
is not recommended. 

Description of the system 
 
The system includes three main parts: 
 
· The CRS EXT extracellular amplifier with preamplifier unit 
· The Ag/AgCl sensor 
· The GÍ Potencials software module as a part of the SPEL Advanced Neurosys 

software 
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The SPEL Advanced Neurosys EEG software is a 16-channel chart software, which is com-
pletely Windows based and is constructed on National Instrument A/D hardware which is known 
all over the world. Its advantage is that any physiology and pharmacology measuring parameters 
can be loaded easily, and it is developed specifically to receive all signals in any maximum 2 KHz 
domain dimensionally and cali-
brated. 
The GI Potencials software 
module is an integrated pat of the 
main SPEL software and the module 
includes two software filter: 
· one filters the signals by a 6 

dB/octave low- and high-pass 
filter for the slow components 

· one filters the signals by a 24 
dB/octave filter with a steep 
slope for the fast components 

The signals appear on the screan 
independently of each other, thus 
the filter ranges could be set on both 
channels at will. Since the system 
has a high amplification of voltage 
that could be set continuously. 

Amplifier 
 
The CRS EXT extracellular amplifier is a specially designed 
differential amplifier with a low noise and high resistance input. It 
amplifies and filters the low and high frequency component of 
the electrical activity generated by the smooth muscle of the 
gastrointestinal system. 
 
Parameters 
 
Gain: 104, 103, 102 calibrated, together with input preamplifier 
Inbuilt filtering: 
High cut filter (Hz): OFF, 20K, 10K, 2K, 1K, 500, 300, 100, 50, 

30 
Low cut filter (Hz): DC, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100 
Inbuilt reference levels: GND, 1V (for setting the signal process-
ing unit) 
Notch filter: 50 Hz (optionally 60 Hz) 
DC offset: ±2V on the output 
Block: grounds amplifiers input 
 
Preamplifier unit: 
Input impedance: 10M ohm 
balanced, unbalanced switch able 
CMMR > 80 dB 
Noise: (0.5 ¸ 70Hz) < 1,5 mV with regard to input 

Output: 
Unbalanced 
Output impedance: 100 ohm 
Protected against short circuit 
Overvoltage: ±10V 
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Surgery 
 
The electrodes are implanted into the animals in a semi-sterile surgery session. For suitable 
recording with reliable results and still relatively cheap operation, rats are suggested to be used 
(though other animals might be used either - the user, however, has to specify what species will 
be used in order to prepare the electrodes in the 
proper size). Short description of the surgery follows: 
The rats are anaesthetised with 50 mg/kg 
Pentobarbital sodium i.p. The skull is then fixed into a 
head-holder (or into a stereotactic device), the skin on 
the top of the head is cut and the scull is cleaned of 
any fascia or other tissue. Two or three stainless steel 
screws are fixed then in a triangle with enough space 
in between to fit the plug among them. The rat is then 
removed from the holder and put on a heated pad 
abdomen upward. The abdominal skin and muscle is 
cut for about 2 cm long. A forceps or Pean is guided 
between the skin and the muscle toward the skull 
opening; the electrodes are caught and pulled over to 
the abdominal area with the head-plug remaining 
about to its position on the skull. The next step 
depends on the type of intestinal preparation. In 
general, a portion of the small intestine (usually of the 
jejunum) is selected and carefully laid on a wet gauze. 
Pairs of electrodes (not less than 2 and not more than 
4 pairs) are pushed through the serosal surface not 
reaching the deeper layers; the end of each electrode 
is carefully coiled, and the coil is placed on the 
surface. The extra electrode (usually black) remains 
free but coiled in the abdominal cavity as reference-
ground. The pairs should be 2-3 mm apart, and it is 
recommended to leave a 3-5 mm gap between two 
adjacent pairs. If necessary, different portions of the 
intestinal tract may be used simultaneously, in this 
case larger gaps might be left among the pairs. An 
alternative method is used to study intestinal 
movements independently of the alimentary 
functioning. A Thiry-Vella type of isolated intestinal 
loop should be prepared and electrodes might then be 
attached to the loop by the method described above. 
The isolated portion is then sutured to the abdominal 
muscles, the remaining intestinal portions are united 
by an end-to-end anastomosis. In both instances, the 
abdominal muscle and skin is then closed by individual 
sutures; before closing the skin, however, it is 
recommended to fix the electrodes to the musculature 
via the silicone rubber collar of the electrodes. When 
finished, the animal is turned around and the plug is 
placed on the skull among the screws. The plug is fixed to the skull by dental cement; care 
should be taken to avoid bleeding or wet surface when cementing. Finally, the skin of the skull is 
closed around the plug. Experiments should not be started before complete recovery of the 
animals. According to many experiences, it takes about 3-5 days, or more. 
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Measurement 
 
The animal is placed into the recording chamber; its home cage or a separate chamber made of 
metal is good for this purpose. No fasting is necessary unless the experimental design requires it; 
however, food and water dispenser should be removed during the measuring session. The leads 
are attached to the skull-plug and are carefully secured for preventing the animal to reach and 
chew it. Its other end is then attached to the preamplifier input (see below). An extra wire 
attached to the metal parts of the recording chamber and to the GND input inlet might prove 
useful to shield electrical noises from the surrounding environment. Unused electrode plugs 
might be left free, or might be plugged into the GND inlet to prevent them to pick up 
electromagnetic noise. Next, switch on the "POWER" switch on the front panel of the R-Ol rack; a 
light comes on to signal that the system is set. Switch on the recorder and/or computer.  
The recorder then shows the biological signal picked up by the electrodes. If the signals are out 
of range, select the appropriate range by the "RANGE" switch; the calibration signal follows the 
changes of the range. No new calibration is needed if the range settings are recorded. If the 
signal is too small or large, the gain has to be set by the "GAIN" potentiometers. This manoeuvre, 
however, changes the calibration either; therefore, a new calibration has to be taken at the and of 
the measurement. 
The filters of the two recording channels are set next. By choosing appropriate filter settings, 
clear signals of different frequency domains could be obtained. Filter settings are the question of 
trying and practice; unnecessary biological signals (e.g. ECG, EMG) should be closed out but 
without loosing smooth muscle electrical activity. The following settings for chronic intestinal 
recording proved to be useful: 
 
 
 
 
 
As a result, the two channels show the slow and the fast myoelectric activity, respectively. The 
former are usually not associated with contractions, while fast action potentials are in 
concordance with the contractile activity of the intestinal smooth muscle and results in 
movements of the intestine. For details see the attached literature. 

 6 dB/octave 24 dB/octave 

LF filter (Hz) 0.1, 0.3 10, 3 

HF filter (Hz) 10 10 
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M otility changes in the visceral organs, 
especially the painful ones like tonic/
phasic spasms in the gastrointestinal 
tract or childbirth induce symptomatic 

changes in animal behaviour. Visceral activity can 
be investigated in myograph systems in vitro, while 
behaviour or EEG can be monitored in vivo. How-
ever, there is a need for a complex method that al-
lows the paralel, in vivo investigation 
of behaviour, EEG and visceral mo-
tility changes because it is well-
known that finding correlations be-
tween in vivo and in vitro results is 
often difficult.  

Now, Experimetria Ltd. is introducing 
a new technique, which allows the 
investigation of physiological or 
pathological motility of gastrointestinal 
or urogenital organs in situ, with their 
all nervous, circulatory and hormonal 
connections and paralel changes in 
animal behaviour and EEG. 

In the brand new in vivo research sta-
tion there can be monitored and re-
corded the motility of the animal (after 
gastrointestinal surgery or pregnant 
ones), its behaviour, the muscular ac-
tivity of the studied organs and even 

EEG in real-time. The research station consid-
erably reduces the 
number of experi-
ments and sacri-
ficed animals and 
the cost, of course. 
Since all the inves-
tigated parameters 
are recorded from 
the same animal 
during one experi-
mental session there is no correlation ques-
tion. It is an outstanding possibility for drug 
research companies to test new pharmacons 
like spasmolytic agents, anti inflammatory 
drugs, pain-reliefs and digestion helpers in 
real-time conditions in vivo. 
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Mechanisms 
 
Origin of high slow-wave frequency in the dog colon. Fioramonti J; Bueno L; Sarna SK; 
Ruckebusch Y. Reprod Nutr Dev (FRANCE) 198020 (4A) p983-90 
 
Neural control of canine small intestinal interdigestive myoelectric complexes. Heppell J; Kelly 
KA; Sarr MG. Am J Physiol (UNITED STATES) Jan 1983244 (1) pG95-l00 
 
Propagation of the canine migrating myoelectric complex--a mathematical model. Scott RB; EI-
Sharkawy TY; Diamant NE Am J Physiol (UNITED STATES) Jan 1983 244 (1) pG13-9 
 
Cyclic motor activity; migrating motor complex: 1985. Sarna SK Gastroenterology (UNITED 
STATES) Oct 1985 89 (4) p894-913 
 
Origin and characterization of migrating myoelectric complex in rabbits. Ruckebusch Y; Pairet M; 
Becht JL Dig Dis Sci (UNITED STATES) Aug 1985 30 (8) p742-8 
 
Electromyographic characteristics of small bowel motility in the rat. Wittmann T; Crenner F; 
Felder G; Pousse A; Grenier JF Eur SurgRes (SWITZERLAND) 1986 18 (5) p312-7 
 
Development of digestive motor patterns during perinatal life: mechanism and significance. 
Ruckebusch Y J Pediatr Gastroenterol Nutr (UNITED STATES) Jul-Aug 19865 (4) p523-36 
 
Comparison of the myoelectrical activity of the lateral and J-shaped ileal reservoirs. Stone MM; 
Mulvihill SJ; Snape WJ Jr; Fonkalsrud EW J Pediatr Surg (UNITED STATES) Jun 198621 (6) 
p500-5 

Technics 
 
Analogue automated analysis of small intestinal electromyogram. Crenner F; Lambert A; Angel F; 
Schang JC; Grenier JF Med BioI Eng Comput (ENGLAND) Mar 1982 20 (2) P 151-8 
 
Computerized analysis of spike burst activity in the small intestine. Summers RW; Cramer J; Flatt 
AJ IEEE Trans Biomed Eng (UNITED STATES) May 1982 29 (5) p309-l4 
 
Continuous electrical and mechanical activity recording in the gut of the conscious rat. Bueno L; 
Ferre JP; Ruckebusch M; Genton M; Pascaud X J Phannacol Methods (UNITED STATES) Sep 
1981 6 (2) p129-36 
 
Computer-aided analysis of gastrointestinal myoelectric activity. Latour A; Ferre JP J Biomed Eng 
(ENGLAND) Apr 19857 (2) p127-31 
 
Quantitative analysis of intestinal electrical spike activity by a new computerized method. De 
Ponti F; Bonabello A; D'Angelo L; Frigo GM; Crema A Dipartimento di Medicina Interna e Terapia 
Medica, Universita di Pavia, Italy. Int J Biomed Comput (ENGLAND) Jan 1988 22 (1) p51-64 
 
Frequency analysis of gut EMG. Reddy SN; Collins SM; Daniel EE Department of 
Neurosciences, McMaster University, Hamilton, Ontario, Canada. Crit Rev Biomed Eng 
(UNITED STATES) 1987 15(2) p95-116 
Stability of myoelectric slow waves and contractions recorded from the distal colon. Enck P; 
 
Whitehead WE; Shabsin H; Nikoomanesh P; Schuster MM Psychophysiology (UNITED STATES) 
Jan 198926 (1) p62-9 
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Hormones and transmitters 
 
Somatostatin inhibits bombesin-induced effects on migrating myoelectric complexes in the small 
intestine of the rat. AI-Saffar A Regul Pept (NETHERLANDS) Sep 1984 9 (1-2) p11-9 
 
Central control of intestinal motility by prostaglandins: a mediator of the actions of 
severalpeptides in rats and dogs. Bueno L; Fargeas MJ; Fioramonti J; Primi MP 
Gastroenterology (UNITED STATES) Jun 1985 88 (6) p1888-94 
 
Central muscarinic control of the pattern of small intestinal motility in rats. Fargeas MJ; 
Fioramonti J; Bueno L Life Sci (ENGLAND) Apr 27 198740 (17) p1709-15 
 
Central alpha 2-adrenergic control of the pattern of small intestinal motility in rats. Fargeas MJ; 
Fioramonti J; Bueno L Gastroenterology (UNITED STATES) Dec 198691 (6) p1470-5 
 
Central and peripheral action of GABAA and GABAB agonists on small intestine motility in rats. 
Fargeas MJ; Fioramonti J; Bueno L Department of Pharmacology, INRA, Toulouse, France. Eur J 
Pharmacol (NETHERLANDS) May 20 1988 150 (1-2) p163-9 
 
Non-cholinergic ascending excitatory response in the cat small intestine: possible involvement of 
substance P. Miolan JP; Niel JP Departement de Physiologie et Neurophysiologie, D.A., 
C.N.R.S. No 205. Faculte des Sciences St Jerome, Marseille, France. Neuropeptides 
(SCOTLAND) Nov-Dec 1988 12 (4) p243-8 
 
Involvement of different receptors in the central and peripheral effects of histamine on intestinal 
motility in the rat. Fargeas MJ; Fioramonti J; Bueno L Department of Pharmacology, INRA, Tou-
louse, France. J Pharm Pharmacol (ENGLAND) Aug 1989 41 (8) p534-40 
 
Neuromedin-N inhibits migrating myoelectric complex and induces irregular spiking in the small 
intestine of rats; comparison with neurotensin. Schultz I; Wallin B; Mogard MH; Hellstrom PM 
Department of Surgery, Karolinska Hospital, Stockholm, Sweden. Regul Pept (NETHERLANDS) 
Sep 3 1991 35 (3) p197-205 
 
Clonazepam-induced intestinal motor disturbances are linked to central nervous system release 
of cholecystokinin in rats. Bonnafous C; Martinez J; Fargeas MJ; Bueno L Department of 
Pharmacology-Toxicology, INRA, Toulouse, France. Eur 1 Pharmacol (NETHERLANDS) lun 24 
1993237 (2-3) p237-42 
 
Is nitric oxide the [mal mediator regulating the migrating myoelectric complex cycle? Rodriguez-
MembrilIa A; Martinez V; limenez M; Gonalons E; Vergara P Department of Cell Biology and 
Physiology, Veterinary Faculty, Universidad Autonoma de Barcelona, Bellaterra, Spain. Am 
1Physiol (UNITED STATES) Feb 1995268 (2 Pt 1) pG207-14 
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Pathology models 
 
Small bowel myoelectric activity in peritonitis. Frantzides CT; Mathias C; Ludwig KA; Edmiston 
CE; Condon RE Department of Surgery, Medical College of Wisconsin, Milwaukee 53226. Am J 
Surg (UNITED STATES) Jun 1993 165 (6) p681-5 
 
Benzodiazepine-induced intestinal motor disturbances in rats: mediation by omega 2 (BZ2) sites 
on capsaicin-sensitive afferent neurones. Bonnafous C; Scatton B; Bueno L Department of 
Pharmacology LN.R.A., Touluse, France. Br J Pharmacol (ENGLAND) Sep 1994113 (1) p268-74 
 
Human pathology 
 
Involvement of small intestinal motility in blood glucose response to dietary fibre in man. Cherbut 
C; Bruley des Varannes S; Schnee M; Rival M; Galmiche JP; Delort- Laval J Institut National de 
la Recherche Agronomique, Nantes, France. Br J Nutr (ENGLAND) May 199471 (5) p675-85 
 
[Small bowel motility in the irritable bowel syndrome] La motricite de l'intestin grele dans Ie 
syndrome de l'intestin irritable. Couturier D Service de gastroenterologie, Hopital Cochin, Paris. 
Gastroenterol Clin BioI (FRANCE) 1990 14 (5 (Pt 2)) p24C-28C 
 
[Colonic motility in the irritable bowel syndrome] La motricite colique au cours du syndrome de 
l'intestin irritable. Frexinos J; Bueno L; Fioramonti J; Delvaux M; Staumont G Service de Nutrition 
et de Gastroenterologie,CHU de Rangueil, Toulouse. Gastroenterol Clin BioI (FRANCE) 1990 14 
(5 (Pt 2)) p18C-23C 
 
Electrophysiological principles of motility disturbances in the small and large intestines-- review of 
the literature and personal experience. Holschneider AM Pediatric Surgical Clinic, City Children's 
Hospital of Cologne, FRG. Prog Pediatr Surg (GERMANY) 1989 24 p125-41 

Applied 
 
Effects of intestinal secretagogues and distension on small bowel myoelectric activity in fasted 
and fed conscious dogs. Da Cunha Melo 1; Summers RW; Thompson HH; Wingate DL; Yanda R 
1 Physiol (Lond) (ENGLAND)Dec 1981 321 p483-94 
 
Mucosal enteroceptors with vagal afferent fibres in the proximal duodenum of sheep. Cottrell DF; 
Iggo A 1 Physiol (Lond) (ENGLAND)Sep 1984354 p497-522 
 
[Intestinal motility following jejunal resection: electromyography study in the rat] 
Motriciteintestinale apres resection jejunale: etude electromyographique chez Ie rat. Wittmann T; 
Crenner F; Felder G; Pousse A; Grenier IF Gastroenterol Clin BioI (FRANCE) May 1984 8 (5) 
p414-8 
 
Cyclic motor activity and trophicity after jejunal resection and bypass in rats. Wittmann T; Crenner 
F; Grenier JF Dig Dis Sci (UNITED STATES) lan 198631 (1) p65-72 
 
Changes in motility after jejunal and ileal resection: electromyographic study in rats. Wittmann T; 
Crenner F; Pousse A; Grenier IF Digestion (SWITZERLAND) 1985 32 (2) p114-23 
 
A slow wave frequency complex of the canine small intestine during the fasting state. Pousse A; 
Mendel C; Aprahamian M; Kachelhoffer 1; Balboni G; Plas A Can 1 Physiol Pharmacol 
(CANADA) lun 198765 (6) pi 132-5 


