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Abstract
AIM: To investigate in vitro  effects of propofol, 
midazolam and dexmedetomidine, which are commonly 
used anaesthesic or sedatives, on spontaneous 
contractions of the ileum both in normal rats and those 
exposed to hyperdynamic peritonitis.

METHODS: Spontaneous contractions of isolated 
ileum muscle segments from sham operated rats and 
those exposed to peritonitis, were studied in vitro . 
The amplitude and the frequency of spontaneous 
contractions of ileum muscle segments were studied 
after adding dexmetetomidine, propofol,  and 
midazolam to the organ bath in a cumulative manner.

RESULTS: Both amplitude (85.2 ± 6.6 vs  47.4 ± 
7.1) and frequency (32.8 ± 4.6 vs  20.2 ± 3.9) of 
spontaneous contractions in ileum smooth muscle 
segments were decreased significantly in the peritonitis 
group compared to the control group (P  < 0.05). 
Dexmedetomidine significantly increased the amplitude 
of spontaneous contractions (85.2 ± 6.6 vs  152.0 
± 5.4, P  < 0.05) whereas, propofol (85.2 ± 6.6 vs  
49.6 ± 4.8, P  < 0.05) and midazolam (85.2 ± 6.6 vs  
39.2 ± 4.5, P  < 0.05) decreased it in both control 
and peritonitis groups. The frequency of spontaneous 
contractions were significantly decreased by propofol 

in both control (32.8 ± 4.6 vs 18.2 ± 3.4, P < 0.05) and 
peritonitis groups 20.2 ± 3.9 vs  11.6 ± 3.2, P < 0.05). 
Dexmedetomidine and midazolam did not cause 
significant changes in the number of spontaneous 
contractions in both control and the peritonitis groups 
(P  > 0.05).

CONCLUSION: Propofol, midazolam and dexmede-
tomidine have various in vitro  effects on spontaneous 
contractions of the rat ileum. While dexmedetomidine 
augments the spontaneous contraction of the rat 
ileum, propofol attenuates it. However, the effects of 
these compounds were parallel in both control and 
peritonitis groups.
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INTRODUCTION
Dysmotility of  the gastrointestinal tract is a major 
complication in critically ill patients in intensive care 
units. Most of  the time, this dysmotility manifests itself  
as inhibition of  gastrointestinal motility, and rarely as 
hypermotility[1]. Hypomotility can cause a functional, 
nonmechanical obstruction, most commonly an 
adynamic ileus. Impaired motility in critically ill patients 
can be caused by intestinal ischemia, electrolyte 
imbalances, peritoneal injury, abdominal surgery, 
lower-lobe pneumonia, pancreatitis, cholecystitis, 
intraabdominal abscesses, and medications (opiates, 
dopamine, diltiazem, verapamil, and anticholinergics)[2]. 
Sedatives such as propofol and midazolam further 
inhibit delayed intestinal transit in critically ill patients 
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in a dose dependent manner. The delay may cause 
complications such as intolerance to enteral feeding 
and overgrowth of  bacteria in the gastrointestinal 
tract resulting in increase the incidence of  aspiration 
pneumonitis[3].

Abdominal sepsis or peritonitis is also a major cause 
of  morbidity and mortality in surgical intensive care 
units. Gastrointestinal dysmotility commonly accompany 
peritonitis and those patients suffering peritonitis are also 
exposed to the additive effects of  sedatives or anesthetics 
in surgical intensive care units. Koyluoglu et al[4] recently 
demonstrated that peritonitis induced a decrease in the 
amplitude and frequency of  spontaneous contractions 
of  ileum and jejunum segments from rats. Therefore, 
it is preferable to use a sedative or an anaesthetic that 
has few inhibitory effects on gastrointestinal transit in 
patients with peritonitis. However, there has been little 
study on this topic in the literature. In the present study, 
we aimed to investigate in vitro effects of  propofol, 
midazolam and dexmedetomidine on spontaneous 
contractions of  the ileum both in normal rats and those 
are exposed to hyperdynamic peritonitis.

MATERIALS AND METHODS
Animal preparation
Sixteen male Wistar a lbino rats each weighing 
approximately 280 g were used in this study. The study 
was approved by the ethics committee of  Cumhuriyet 
University School of  Medicine. Cecal ligation and 
puncture were used as the peritonitis model[5]. Animals 
were divided into two groups. The first group consisted 
of  sham surgical controls that underwent the same 
procedure as the peritonitis group, such that laparotomy 
was performed under anesthesia, with manipulation of  
the cecum, but cecum ligation and puncture were not 
performed. Rats in the second group underwent cecal 
puncture and ligation as previously described by Martin 
et al[5]. Animals were anesthetized with intramuscular 
injections of  3 mg/kg xylazine (Rompun®, Bayer, 
Istanbul, Turkey) and 90 mg/kg ketamine (Ketalar®, 
Pfizer, Istanbul, Turkey), following which, laparotomy 
was performed via a 2 cm midline incision and the 
cecum was exposed. The cecum was ligated using 4/0 
silk suture material just below the ileocecal valve, so 
that intestinal continuity was maintained. Then, the 
cecum was punctured using an 18-gauge needle in three 
locations, 1 cm apart, on the antimesenteric surface 
of  the cecum, and cecum was gently compressed until 
feces were extruded. The cecum was replaced into the 
peritoneal cavity and the abdomen was then closed. 
When the animals were alert, they were transferred to 
single housing cages where they were left with ad libitum 
food and water. We then observed the rats in a recovery 
cage for 24 h.

A summary of  the experimental treatments is 
presented below: Groups: Group Ⅰ (n = 8): Sham 
surgical controls; Group Ⅱ (n = 8): Peritonitis group.

At the second laparotomy, 24 h later, the rats were 
killed by cervical dislocation. The abdomen was opened 
with a midline incision and the ileum was removed and 
placed in previously aerated (95% O2 and 5% CO2) 
Krebs-bicarbonate solution (composition in mmol/L: 
NaCl, 120; KCl, 4.6; CaCl2, 2.5; MgCl2, 1.2; NaHCO3, 
22; NaH2PO4 and glucose 11.5). Whole full-thickness 
segments of  ileum were placed in circular direction 
in a 10 mL tissue baths, filled with pre-aerated Krebs-
bicarbonate solution (KBS) at 37℃. The upper end 
of  the preparation was tied to an isometric transducer 
(Grass FT 03, Quincy, MA, USA) and preloaded with 
1-1.5 g. Tissues were allowed to equilibrate for 30 min.

In vitro muscle contractility studies
Muscle segments from each group were contracted with 
80 mmol/L KCl to ensure that they worked properly at 
the beginning and end of  each experiment.

At the beginning of  each experiment, 80 mmol/L 
KCl was added to the organ bath, and the contraction 
was considered as reference response. Subsequently, the 
amplitude of  spontaneous contractions of  the isolated 
ileum muscle segments were calculated as a percentage 
of  the contraction induced by KCl (80 mmol/L) from 
both control and peritonitis groups. Changes in the 
frequency (number/min.) of  spontaneous contractions 
were expressed as the number of  contractions for  
10 min intervals.

Following the KCl response, smooth muscle segments 
were allowed to equilibrate for 30 min before addition 
of  cumulative doses of  propofol (10-8-10-4 mol/L),  
midazolam (10-8-10-4 mol/L) and dexmedetomidine 
(10-8-10-4 mol/L). Amplitudes of  the contractions 
induced by these compounds from both control and 
peritonitis groups were calculated as the percentage of  
the initial spontaneous contractions. Changes in the 
frequency of  spontaneous contractions were expressed 
as the number of  spontaneous contractions for 10 min 
after drug application. Isometric tensions were recorded 
on a Grass model 79 E polygraph. All experiments were 
performed in duplicate.

Drugs
The following compounds were used: Propofol 
(2,6diisopropylphenol®, Aldrich Chemicals Co., USA), 
Midazolam (Midazolam hydrochloride®, Sigma, St Louis, 
USA), Dexmedetomidine (Abbot Laboratories, Abbot 
Park, IL, USA). All drugs were dissolved in distilled 
water. All drugs were freshly prepared on the day of  the 
experiment.

Data analysis
All data are expressed as mean ± SD. Statistical 
comparisons between groups were performed using 
general linear models of  analysis of  variance (ANOVA) 
followed by the Newman-Keuls test and a t test 
when appropriate and P-values of  less than 0.05 were 
considered to be statistically significant.
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RESULTS
Contractions induced by 80 mmol/L KCl were not 
significantly different between the peritonitis group 
and the control group in isolated ileum smooth muscle 
segments which indicated that muscle segments from 
both groups worked properly (Figure 1).

T he  mean  amp l i t ude  o f  t he  spon t aneous 
contractions was 85.2 ± 6.6 in the control and 47.4 ± 7.1 
in the peritonitis group, respectively. The number of  
spontaneous contractions obtained in 10 min in the 

peritonitis group was 32.8 ± 4.6 and 20.2 ± 3.9 in the 
control group. Both the amplitude and the frequency 
of  spontaneous contractions of  ileum smooth muscle 
segments were decreased significantly in the peritonitis 
group compared to the control group (P < 0.05), 
(Figure 2A and B). 

The amplitudes of  spontaneous contractions of  
ileum muscle segments were studied after adding 
dexmetetomidine, propofol, and midazolam to the 
organ bath. Dexmedetomidine (10-8-10-4 mol/L) 
significantly increased the amplitude of  spontaneous 
contractions starting from 10-7 mol/L in isolated ileum 
muscle segments, in both the control and peritonitis 
groups, in a concentration-dependent manner. Propofol  
(10-8-10-4 mol/L) and midazolam (10-8-10-4 mol/L) 
decreased the amplitude of  spontaneous contractions 
starting from 10-7 mol/L as the molar concentrations of  
these drugs were increased (P < 0.05). However, there was 
no statistical difference between the decreasing effects of  
propofol and midazolam (P > 0.05), (Figure 3A and B), 
(Tables 1 and 2).

The frequency of  spontaneous contractions of  the 
ileum segments were significantly decreased by cumulative 
doses of  propofol (10-8-10-4 mol/L) in both the control 
and peritonitis groups (P < 0.05). Dexmedetomidine 
(10-8-10-4 mol/L) and midazolam (10-8-10-4 mol/L) did not 
cause a significant change in the number of  spontaneous 
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Figure 1  KCl (80 mmol/L) induced contractions of isolated ileum muscle 
segments in control and peritonitis groups. No statistical difference was 
observed between groups (P > 0.05).

Control                          Peritonitis

Ileum

100

75

50

25

0

Co
nt

ra
ct

io
ns

 (
%

 o
f 

kC
l)

a

A

Control                          Peritonitis

Ileum

40

30

20

10

0

Fr
eq

ue
nc

y 
co

nt
ra

ct
io

ns
 

(n
um

be
r/

10
 m

in
)

a

B

Figure 2  Changes in the spontaneous contractions of the isolated ileum 
muscle segments. A: Amplitudes were calculated as a percentage of the con-
traction induced by KCl (80 mmol/L) from both control and peritonitis groups; 
B: Frequencies were expressed as the number of contractions for 10 min from 
both control and peritonitis groups. (aP < 0.05 vs control group; analysis of vari-
ance followed by Newman-Keuls test).
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Figure 3  Amplitudes of the contractions induced by anaesthetic agents. 
A: Control group; B: Peritonitis group; both were calculated as the percentage 
of the initial contractions. (aP < 0.05 vs initial contractions, cP < 0.05 vs propofol 
and midazolam; analysis of variance followed by Newman-Keuls test).
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contractions of  the isolated ileum muscle segments 
in both the control and peritonitis groups (P > 0.05)  
(Figure 4A and B) (Tables 1 and 2).

DISCUSSION
The first finding of  our study is that peritonitis altered 
the spontaneous activity of  the rat ileum by decreasing 
both the amplitude and the frequency of  the contractions 
in accordance with the previous study reported 
recently by Koyluoglu et al[4]. The main findings are that 
dexmedetomidine, a selective alpha2-adrenergic agonist, 
increased the amplitude, midazolam decreased the 
amplitude and propofol decreased both the amplitude 
and frequency of  the spontaneous contractions in rat 
ileum in a concentration-dependent manner in both 
the control and peritonitis groups. Liu et al[6] reported 
that the alpha2-adrenoceptors inhibited neurogenic 
contractions of  the rat ileum. Dexmedetomidine 
inhibited peristalsis in the guinea pig small intestine 
in vitr o  in a concentration dependent manner[7]. 
Dexmedetomidine strongly inhibited intestinal transit 
in the rat, however this inhibition was less potent than 
morphine[8]. However, in our study, dexmedetomidine, 
when applied in a concentration dependent manner 
significantly increased the amplitude but did not 
change the frequency of  spontaneous contractions in 
the rat ileum in vitro both in the control and peritonitis 
groups. Our result seems to contradict previous 
reports. However, similarly to our results, Karaman 
et al[9] showed that dexmedetomidine in vitro caused a 
significant increase in the amplitude and frequency of  
spontaneous contractions in rat myometrium in a dose-
dependent manner. The augmenting effect of  this agent 
on spontaneous contractions needs to be investigated 
further. 

Lee et al[10] demonstrated that propofol has an in vitro 
inhibitory effect on spontaneous contractile activity and 
causes acetylcholine induced contractions of  human 
gastric and colonic smooth muscles at clinically relevant 
concentrations. It was demonstrated in a previous study 
that propofol, at concentrations of  10-7 and 10-6 mol/L, 
potentiated the guinea pig ileum contractile responses 
to g-aminobutyric acid (GABA), but only at the lower 
dose range of  applied GABA; at a concentration of   
10-5 mol/L, it inhibited the contractile effect over the 
entire dose range of  applied GABA[11]. In the present 
study, propofol decreased both amplitude and frequency 
of  contractions of  rat ileum muscle segments in the 
control and peritonitis groups. Previous studies have 
reported the relaxant effects of  propofol on other 
smooth muscle tissues such as vascular[12] and uterine 
smooth muscles[13]. The action of  propofol involves a 
positive modulation of  the inhibitory function of  the 
neurotransmitter GABA through GABA A receptors[14]. 
Jensen et al[15] evaluated the influences of  propofol, 
nitrous oxide and isoflurane and found that recovery 
and postoperative bowel function were not influenced 
by the anaesthetic technique after major gastrointestinal 
surgery. However, it might be different in case of  a 
critically ill patient with peritonitis in an intensive care 
unit. The combined inhibitory effects of  peritonitis and 
propofol might further slow intestinal transit and lead to 
an adynamic ileus.

   Control   Peritonitis

Amplitude (%)1   85.2 ± 6.6 (100)   47.4 ± 7.1a (100)
   Propofol   49.6 ± 4.8b   59.4 ± 5.2b

   Midazolam   39.2 ± 4.5b   51.8 ± 5.0b

   Dexmedetomidine 136.6 ± 5.8b,c 152.0 ± 5.4b,c

Frequency (#/10 min)   32.8 ± 4.6   20.2 ± 3.9a

   Propofol   18.2 ± 3.4b   11.6 ± 3.2b

   Midazolam   28.2 ± 3.8   17.4 ± 3.0
   Dexmedetomidine   36.2 ± 4.0   22.2 ± 3.1

Table 1  Effects of Propofol, midazolam and dexmedetomidine 
on spontaneous contractions in experiment groups

1Amplitudes of the contractions induced by anesthetic agents from both 
control and peritonitis groups were calculated as the percentage of the 
initial spontaneous contractions; aP < 0.05 vs control; bP < 0.05 vs initial 
spontaneous contractions; cP < 0.05 vs propofol and midazolam.

Amplitude Frequency

Propofol Decreased Decreased
Midazolam Decreased No significant change
Dexmedetomidine Increased No significant change

Table 2  Effects of Propofol, midazolam and dexmedetomidine 
on amplitude and frequency of the spontaneous contractions
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Figure 4  Changes in the frequency of spontaneous contractions. A: Con-
trol group; B: Peritonitis group. Both were expressed as the number of contrac-
tions for 10 min. (aP < 0.05 vs initial contractions; analysis of variance followed 
by Newman-Keuls test).
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Like other benzodiazepines, midazolam acts on the 
benzodiazepine binding site of  GABA A receptors. 
When bound, it enhances the binding of  GABA to 
the GABA A receptor, resulting in inhibitory effects 
on the central nervous system[16]. Castedal et al [17] 
reported in their manometric study that midazolam 
had relatively few effects on small bowel motility. In 
the present study, midazolam decreased the amplitude 
but caused very little change in the frequency of  
ileum contractions. Midazolam is often used for 
intravenous conscious sedation in endoscopic retrograde 
cholangiopancreatography (ERCP).  Midazolam 
significantly altered the mobility of  the sphincter of  
Oddi and caused a significant reduction in basal pressure 
of  the sphincter of  Oddi but did not affect the phasic 
frequency[18].

In conclusion, dexmedetomidine, midazolam and 
propofol have various in vitro effects on spontaneous 
contractions of  the rat ileum. While dexmedetomidine 
augments the spontaneous contraction of  the rat ileum, 
propofol attenuates it. The effects of  these agents were 
parallel in both control and peritonitis groups. The 
clinical implications of  these findings need to be tested 
in surgical intensive care units, which might help in 
choosing the most appropriate drug for the sedation of  
patients with peritonitis.
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