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ABSTRACT

Background: Recently, the role of inflammation triggered by handling of the intestine various gastrointestinal (GI) sur-
geries is generally accepted as the key event in postoperative ileus (POI). Because, prokinetics have been increased the 
smooth muscle contractions and may act by attenuating the inflammatory process in the GI tract, they have been used the 
treatment of POI in human and animals. There are many in vivo analysis techniques of GI motility. However, there have 
not yet been studied associated with the evaluation of the inflammatory response. Therefore, it was aimed to evaluate the 
efficiencies of 3 different prokinetics from inflammatory response during experimentally-induced POI.
Materials, Methods & Results: Twenty healthy lambs (30-45 days old) were randomly assigned to four groups. In all 
groups, enterotomy was performed on the ileum. Erythromycin and metoclopramide were administered to the ERT and MET 
groups before the surgery, respectively, while lidocaine was administered to the LID group as bolus before and continuous 
rate infusion during the surgery. Physiological saline was administered to the lambs in control group as placebo before 
the surgery. Blood samples were collected before surgery (~30-45 min), at the end of surgery (0 h), and at the postopera-
tive 1, 3, 5, 10, 48, 72 and 96 h. The concentrations of serum amyloid A (SAA), haptoglobin (HPT), fibrinogen (FIB) as 
acute phase proteins (APPs), thiobarbituric acide reactant substrate (TBARs), myeloperoxidase (MPO) as reactive oxygen 
species, and transforming growth factor-beta (TGF- β) as a cytokine were measured with ELISA reader. In terms of time 
points, it was found that FIB was statistically higher in ERT group at the 1st h, in MET and LID groups at the 10th h, and 
in LID group at the 48th and in MET group at the 72 h (P < 0.05). It was found that SAA was higher in MET group at the 
1st, 3rd, 5th, 10th, 24th, 48th and 72nd h. HPT was higher in CNTR group until 72th h and MET group at 48th, 72nd and 
96th h. TBARs concentrations were statistically higher in MET and LID groups at 0 hour, in ERT and MET groups at the 
1st h, in MET group at the 3rd h, in MET and LID groups at the 5th and 10th h, in MET group at the 48th, 72nd and 96th h 
(P < 0.05). MPO concentrations was higher in LID group at the 3rd, 5th, 10th and 96th h, and in ERT group at the 72nd h 
(P < 0.05). TGF-β concentrations were particularly high in MET group at the 3rd, 5th, 48th and 72nd h, and in LID group 
at the 10th, 24th, and 96th h (P < 0.05).
Discussion: APPs (HPT, SAA, FIB), which are important regulators of inflammation in cows and sheep, were higher 
generally in MET and LID groups and inflammation persists in these two groups and, therefore, metoclopramide and 
lidocaine are less effective in early postoperative POI treatment. Because, significant increase in serum TBARs and MPO 
concentrations was considered as an important indicator of oxidative stress and inflammatory response MPO concentra-
tions was particularly high until 10th h in LID group, and TBARs concentrations was high both MET and LID groups 
throughout the study, this was correlated with higher neutrophil infiltration in the postoperative early period than the other 
groups. It is known that TGF-β, an inflammatory cytokine, is correlated with various smooth muscle disorders in humans. 
In this study, TGF-β concentration were higher in the MET and LID groups. High concentration of this cytokine might 
have led to decrease contractions in smooth muscles, thereby slowing down the intestinal transition. In conclusion, based 
on the presence of pro-inflammatory markers in this study, erythromycin seems to be the most suitable prokinetic drug 
in lambs. Moreover, lidocaine and metoclopramide are not as successful in small ruminants as reported in other species. 

Keywords: postoperative ileus, pro-inflammatory markers, prokinetic drugs, ruminant.
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INTRODUCTION

Recently, the role of inflammation triggered 
by handling of the intestine various gastrointestinal 
(GI) surgeries is generally accepted as the key event 
in postoperative ileus (POI) [12,27]. It is thought 
that various mechanisms such as sympathetic neural 
reflexes, local or systemic inflammatory mediators 
[cytokines, reactive oxygen species (ROS), acute 
phase proteins (APP)] and changes in the neural and 
hormonal transmitter levels play a role occurrence 
of POI and that recovery occurs by the inhibition of 
these mediators. It has become clear that inflamma-
tory mediators released by leucocytes within the gut 
wall also directly impair smooth muscle contractility 
[3,17,26]. 

Prokinetic drugs used treatment of the POI, 
which increased the smooth muscle contractions in 
the GI tract, may act by attenuating the inflammatory 
process [8,18,20]. Owing to these features, they have 
been used the treatment of POI in human and animals. 
Although, many of these drugs have been used suc-
cessfully in monogastric animals, they are limited 
numbers in the ruminant. Bethanechol, neostigmine, 
metoclopramide, erythromycin and lidocaine are used 
in ruminants. However, except erythromycin, the ef-
fectiveness of these drugs is not clearly addressed in 
ruminant [1,18,23]. 

There are many in vivo analysis techniques of 
GI motility [6,14,18]. However, there have not yet been 
studied associated with the evaluation of the inflam-
matory response concerning in ruminants with POI. 
Therefore, it was aimed to evaluate the efficiencies of 
3 different prokinetics -erythromycin, lidocaine and 
metoclopramide- from systemic inflammatory response 
during experimentally-induced POI by studying APPs, 
ROS and cytokines.

MATERIALS AND METHODS

Animals

In the study, 20 male lambs of Kıvırcık breed, 
aged 30-45 days, body weight of 8.7-15.6 kg (mean 
12.35 kg) were used. After routine clinical examina-
tion (appetite, body temperature, pulse, respiratory 
rate, defecation), healthy lambs were included in the 
study. Lambs were fed with standard lamb feed (ad 
libitum) and they always had access to water end of 
the study. 

Study groups

The study was performed with 4 groups, each 
randomly assigned 5 lambs; CNTR was set as the 
control group. Surgery was performed on the lambs 
in this group and 2 mL physiological saline (0.9% 
NaCl) as placebo was administered IM before the 
surgery.  In the ERT group, lambs were adminis-
tered with 8.8 mg kg-1 erythromycin (Apirocin-f ®)1.  
intramuscularly before the surgery. In the MET 
group, lambs were injected with 0.2 mg kg-1 meto-
clopramide (Metpamid®)2 intramuscularly before the 
surgery. In the LID group, before the surgery, 1.3 mg 
kg-1 lidocaine hydrochloride (Vilcain®)3 bolus was 
given intravenously, and then, during the surgery, 
0.05 mg/kg/h was given intravenously as continuous 
rate infusion (CRI).

Preparation of lambs for the surgery and anesthesia 
protocol

Food was withheld 12 h prior to surgery in 
each lamb, and only water was provided. The area 
between the umbilicus and pelvic region was shaved 
for surgery. General anesthesia was performed by 
injecting 6 mg kg-1 ketamine hydrochloride (Keta-
sol®)4 intramuscularly following the injection of 
0.2 mg kg-1 xylazine hydrochloride (Rompun®)5 as 
intramuscularly.

Surgical procedure for POI model

Lambs were restrained in dorsal recumbency. 
Surgical area was aseptically prepared. Laparotomy 
was performed through a 10 cm-long paramedian 
incision made caudally to the umbilicus along the 
preputium. Once the organs in the abdominal cavity 
were checked, ileum was reached. Ileum was held 
between the thumb and index finger and pulled out 
from the incision line. Ileal contents were moved 
towards the caudal region by gentle squeezing, and 
intestinal forceps were placed distally and proximally 
to the enterotomy area and a 5 cm-long longitudinal 
incision was made at the antimesenteric side of the 
ileum. Enterotomy area, which was sanitized with a 
wet gauze, was closed with continuous double needle 
sutures using 3/0 polydioxanone. After the sutured area 
was sanitized with a wet gauze and checked for any 
leakages, forceps were removed, intestinal segment 
was released to the abdominal cavity and abdominal 
wall was closed routinely. 
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Blood sampling and laboratory measurements

An intravenous catheter was placed in  
V. jugularis of the lambs, and blood was collected be-
fore and following surgery at 0, 1, 3, 5, 10, 48, 72 and 
96th h. Collected blood samples were centrifuged at 
2500 g for 10 min and serum samples were obtained. 
Concentrations of the serum haptoglobin (HPT), Fi-
brinogen (FIB), serum amyloid A (SAA), thiobarbutiric 
acid reactant substances (TBARs), myeloperoxidase 
(MPO), and transforming growth factor-beta (TGF-β) 
were determined by ELISA/spectrophotometer reader 
(Multiskan Go Spectrophotometer)6 according to the 
sheep-specific ELISA kits7 protocol.

Statistical analysis

Statistical analysis was performed by the 
Statistical Package for Social Sciences (SPSS) v20.0 
software8. The obtained data were evaluated by vari-
ance analysis performed using one-way analysis of 
variance ANOVA and Tukey post hoc test. Data were 
expressed as mean ± SD and P < 0.05 was considered 
as statistically significant difference.

RESULTS

The mean concentrations of acute phase pro-
teins (HPT, SAA and FIB), oxidative stress parameters 
(TBARs, MPO) and cytokine (TGF-β) among the study 
groups are presented in Table 1. 

Acute phase proteins

In terms of APP, it was found that HPT, SAA 
and FIB values increased at the end of the surgery in 
all groups except MET group. In terms of time points, 
it was found that FIB was statistically higher in ERT 
group at the 1st h, in MET and LID groups at the 10th 
h, and in LID group at the 48th and in MET group at the 
72nd h (P < 0.05). It was found that SAA was higher 
in MET group at the 1st, 3rd, 5th, 10th, 24th, 48th and 
72nd h. HPT was higher in CNTR group until 72th h 
and MET group at 48th, 72nd and 96th h. 

Oxidative stress parameters

TBARs concentrations were statistically higher 
in MET and LID groups at 0 h, in ERT and MET groups 
at the 1st h, in MET group at the 3rd h, in MET and 
LID groups at the 5th and 10th h, in MET group at the 
48th, 72nd and 96th h (P < 0.05). MPO concentrations 
was higher in LID group at the 3rd, 5th, 10th and 96th 
h, and in ERT group at the 72nd h (P < 0.05). 

Cytokine concentration

TGF-β concentrations were particularly high 
in MET group at the 3rd, 5th, 48th and 72nd h, and 
in LID group at the 10th, 24th, and 96th h (P < 0.05).

DISCUSSION

HPT, with SAA in particular, is a major APP 
in lambs [4], and has antioxidant, anti-inflammatory, 
immune regulatory and antibacterial properties. 
Therefore, it can be used to detect various diseases 
[4,13]. In this study, HPT concentrations obtained in 
the measurement of immediately after the surgery (0 
h) was higher in MET and LID groups, and these high 
levels sustained throughout the first 10 h particularly 
in the MET group. In addition, from the post-operative 
1st h until the 72th h, SAA concentrations were higher 
in the MET group. The observed increases in HPT 
and SAA concentrations in the MET group support 
the fact that inflammation persists and, therefore, 
metoclopramide is less effective in POI treatment. 
On the other hand, the increases in the SAA and HPT 
concentrations in the LID group similarly to the MET 
group can be considered as evidences that the inflam-
mation persists after the administration of lidocaine. 
As the concentrations of fibrinogen are important 
regulators of inflammation in cows and sheep [4,9], 
it is reported as a reliable indicator of inflammation 
and bacterial infection [29]. It is known that in acute 
cases, FIB concentration usually increases within the 
first 24 h after tissue damage, reaches its peak levels in 
3-4 days, and gradually decreases over time [9]. In all 
groups, FIB concentration increased during the surgery 
and its concentration were sustained until the 48th h. 
Particularly in the MET group, this concentration was 
statistically higher after the 48th h, suggesting that the 
acute phase response sustained in this group.

MPO is a marker of neutrophil infiltration that 
involved in the early stages of inflammation in tissues 
and is considered to play an important role in the 
antimicrobial defense mechanism. On the other hand, 
MPO contributes to oxidative tissue damage during 
chronic inflammation [2,24]. It was reported that the 
increase in MPO concentrations in cases when motility 
is disrupted, such as the displacement of abomasum 
to the left in cows, is correlated with the intensity of 
necrosis, neutrophil response, and inflammation in 
the tissue [9]. In this study, MPO concentrations was 
particularly high in 3rd, 5th and 10th h in LID group, 
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this was correlated with higher neutrophil infiltration 
in the postoperative early period than the other groups, 
and this is consistent with the Amanzada et al. [2]. 
TBARs are used to determine the level of oxidative 
stress in body fluids [5]. In experimentally established 
abdominal compartment syndrome in rats, significant 
increase in serum TBARs and MPO concentrations 
was considered as an important indicator of oxidative 
stress and inflammatory response [25]. In this study, 
higher concentrations of TBARs within the first 24 h 
in MET and LID groups suggest that inflammation in 
these groups lasted shorter than the other groups and 
therefore, POI persisted. In addition, continuing high 
concentrations of TBARs in the MET group in 48th, 
72nd and 96th h suggested that inflammatory process 
still persisted in this group.

Cytokines play role in immune system regula-
tion, inflammatory response, cell division/differentia-
tion, wound healing and hematopoiesis [7]. They can 
also regulate smooth muscle function either by acting 
directly on smooth muscle cells or indirectly via me-
diators released from other immune or non-hemato-
poietic cells. It is known that TGF-β, an inflammatory 
cytokine, is correlated with various smooth muscle 
disorders in humans [16,22]. In this study, TGF-β 
concentration were higher in the MET and LID groups. 
High concentration of this cytokine might have led to 
decrease contractions in smooth muscles [16], thereby 
slowing down the intestinal transition. 

Erythromycin, a motilin agonist, binds to 
neurons of the enteric nervous system and to specific 
receptors found on the intestinal smooth muscles, and 
acts to increase the contractile activity. It was found 
that high doses of (8.8 mg kg-1 IM) erythromycin in 
healthy calves increases frequency through abomasal 
intraluminal pressure and speeds up the abomasal 
emptying time [19,30]. In this study, decrease in APPs, 
and recovery of oxidative damage markers (TBARs 
and MPO) faster than the other groups may suggest 
that erythromycin is significantly effective in POI in 
lambs as it is in other animal species. 

Although some researchers reported that the 
use of metoclopramide, which shows its prokinetic 
effect by increasing acetylcholine release from enteric 
cholinergic neurons, is not effective in POI in animals 
and humans [21,30], some researchers proposed that it 
is effective, since it causes a temporary increase in the 
contractile and myoelectrical activity of the proximal 

GI system in dogs [10] and in the electrical activity 
of pyloric antrum in goats [11]. In this study, as the 
metoclopramide group was worse in APPs, oxidative 
damage and cytokine terms than the other groups, it 
was considered to be not as effective as desired in POI 
in lambs similar to Seta & Kalle-Pradhan [21] and 
Wittek & Constable [30].

The effects of lidocaine on GI system are 
thought to be exerted via the reduction of circulating 
catecholamines, prevention of the formation of free 
radicals, anti-inflammatory properties, blocking the 
sympathetic effects, and stimulation of parasympa-
thetic reflexes [28]. Van Hoogmoed et al. [28] reported 
that veterinary surgeons have 1.3 mg kg-1 lidocaine 
bolus alone as the primary option, or subsequently use 
at a rate of 0.5 mg kg-1 / min as CRI. On the other hand, 
Milligan et al. [15] suggested that using 1.3 mg kg-1 

lidocaine bolus followed by using at a rate of 0.5 mg 
kg-1/ min for 3 h is not effective as a prokinetic drug in 
healthy horses, but can give different results in horses 
with various GI problems. In this study, based on the 
concentrations of APPs, oxidative damage markers and 
cytokine, it was suggested that the use of lidocaine (1.3 
mg kg-1 bolus followed by 0.05 mg kg-1/min as CRI) 
for POI treatment in lambs cannot be an alternative 
for erythromycin in terms of its prokinetic properties. 

CONCLUSIONS

In conclusion, based on the presence of pro-
inflammatory markers in this study, erythromycin 
seems to be the most suitable prokinetic drug in lambs. 
Moreover, lidocaine and metoclopramide are not as 
successful in small ruminants as reported in other 
species.
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