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Summary: NSAIDs are commonly used in colic therapy. Especially in the post-operative stage, dysmotility is a severe complication. Litera-
ture provides evidence of an effect on the contractility of the gastrointestinal tract through NSAIDs. Therefore, the aim of this study was to
investigate the effects of NSAIDs on the equine small intestine and, in particular, to accurately examine the effects on the injured intestine.
Included were horses with a healthy intestine which had been subject to a median laparotomy with two consecutive experimental ischemias
and reperfusions. In the first experiment, an in vitro application of the NSAIDs flunixin and firocoxib was carried out. In the second experi-
ment, the respective NSAID was administered to the probands in vivo and the samples were examined by means of a measurement of the
contractility in vitro. The in vitro application of the non-selective COX inhibitor flunixin had significant inhibitory effects on the contractility
of the equine jejunum in vitro. These inhibitory effects occurred in comparison to all other samples. In vitro application of firocoxib had no
significant effects on the contractility in vitro but showed a slight insignificant increasing effect, especially on the frequency of contractions
of the circular musculature. After intravenous in vivo application, subsequent sample taking and examination, the results of the measure-
ments of contractility in vitro were clearly more heterogenous. This, for example, led to a significant increase in frequency of contractions
of the longitudinal musculature of the samples, damaged by ischemia and reperfusion, after intravenous application of flunixin, and to a
significantly higher amplitude of contractions of the longitudinal musculature of the samples, damaged by ischemia and reperfusion, after
intravenous application of firocoxib. These inconsistent effects and the deviations to the effects after in vitro application probably indicate
a toxicological effect after in vitro application of the agents and an altered initial situation in the second experiment due to a panenteric
occurrence (resulting from previous damage through the first experiment). The explanation would be an overdosage and, therefore, an
infoxication of the tissue after in vitro application of the agents because the inhibitory effects of flunixin only occurred in high concentrations.
Based on the examinations of the current study, significant differences between the in vitro application of flunixin and firocoxib on the in
vitro contractility of the equine jejunum could be determined. The inhibitory effects of flunixin were dependent on its concentration and only
appeared in high concentrations (2.7 x 10-°M). Although the dosages applied in vitro, were oriented towards plasma concentrations of the
agents after infravenous application or concentrations used in other studies, it was not clear whether these concentrations corresponded
to the actually reached tissue concentrations after intravenous or oral application of the agents. Due to high plasma protein bindings, the
actual tissue concentration after intravenous or oral application could be much lower. In the current study, also merely the in vitro contrac-
tility was examined and conclusions regarding in vivo motility could not be drawn absolutely. The clinical relevance of the inhibitory effect
of flunixin on the contractility in vitro after in vitro application cannot be estimated due to the current study. Also it is not clear to which
extent the type of application (in vitro application and intravenous in vivo application) actually had an influence on the results. In the future,
studies have to follow that examine the effects of selective and non-selective NSAIDs on the contractility and motility of the equine intestine
after intravenous in vivo application, in order to support the choice of an adequate NSAID, especially in post-operative therapy after colic
surgery.
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Introduction

Based on different studies, an effect of NSAIDs on the con-
tractility of the gastrointestinal tract seems probable in vitro
(Menozzi et al. 2009, van Hoogmoed et al. 1999, 2000 and
2002). In vitro, it seems that there is a more inhibitory effect
on the contractility through application of NSAIDs. In the lite-
rature, several studies about contractility can be found that
examined different intestinal segments. In a study by Menozzi
et al. from 2009, the effect of selective and non-selective
COX inhibitors on the contractility of the small intestine was
examined. Therefore, strips of tissue of the ileum were obser-
ved in organ baths in vitro. The non-selective NSAIDs showed
no significant effects on the contractility up to a concentration
of 0.1M; only higher concentrations of flunixin meglumine
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showed a significant reduction of the tonic contraction. Neit-
her flunixin meglumine nor indomethacin significantly chan-
ged the amplitude of the contraction waves. The COX-2
selective inhibitors, however, showed a dose-dependent inhi-
bition of the tonic contraction as well as of the spontaneous
motility amplitude. As possible reasons for this result the
authors discussed a rather limited role of the prostaglandins
in controlling the equine intestinal contractility in vitro becau-
se adding prostaglandins (PG) in vitro achieved no effect. The
different measurement results regarding non-selective
NSAIDs could be based on direct interaction of the agents,
independent of COX inhibition, with the contractile unit. The
inhibitory effects of the COX-2 selective NSAIDs could be a
result of a participation of the COX-2 isoform in equine inte-
stinal motility (Menozzi et al. 2009).
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Adding flunixin meglumine in vitro to muscle samples of the
dorsal and ventral colon as well as the pelvic flexure resulted
in a reduction of contractile force in one study. The effect
varied in its infensity concerning the circular and longitudinal
muscle layer, depending on the localization in the colon (van
Hoogmoed et al. 2000). In these studies, other non-selective
NSAIDs also induced a concentration-dependent reduction of
the contractile activity in relation to the values of the basal

frequency in the dorsal colon, ventral colon and the pelvic fle-
xure (van Hoogmoed et al. 1999, 2000).

COX-2 preferential NSAIDs and non-selective COX inhibitors
had a dose-dependent inhibitory effect on the in vitro con-
tractility of the ventral and dorsal colon in a further study (van
Hoogmoed et al. 2002). In the same study, the COX-2 selec-
tive etodolac showed an inhibitory effect on the intestinal
musculature in vitro only in high concentrations. Here etodo-
lac had a significantly lower inhibitory effect on the contracti-
lity than nabumetone and indomethacin.

According to clinical experiences, obstipations of the large
intestine in equine patients occur more often affer NSAID
application (Ross et al. 1985). Newer study results are contra-
dictory fo these: through inhibition of cyclooxygenase the syn-
thesis of prostaglandins, which could play a role in the patho-
genesis of the paralytic ileus, was clearly reduced. Therefore,
the administration of NSAIDs could enhance, respectively
maintain, the motility of the gastrointestinal tract through
reduction of the synthesis of inflammatory mediators which
inhibit the smooth muscles’ contractility (Hardy and Rakestraw
2002). Based on study results, influencing of the infestinal
contractility in horses is possible by NSAIDs and especially of
large interest in the postoperative phase of equine colic
patients due to motility disorders. Most studies deal with the
effects of ischemia and reperfusion on the intestinal mucosa,
only few studies examine the effect on the musculature.

Through immunohistological examinations of the experimental
group of Franz (2013), an expression of cyclooxygenase (COX)
COX-1 and COX-2 in the tunica muscularis and tunica serosa
of the equine jejunum could be proven. Damage through
ischemia and reperfusion caused increased expression of
COX-2 (Franz 2013). It was especially apparent here that this
expression was clearly obvious in the longitudinal muscle layer
and there especially in muscle cells which were oriented
towards the tunica serosa (Ffranz 2013). This varying expres-
sion is especially then interesting when thinking about the
various affinity to the COX isoforms of the different NSAIDs.

The aim of this study was to evaluate the effects of selective
and non-selective nonsteroidal antiphlogistics on the in vitro
contractility of equine jejunum. Thereby, the longitudinal and
the circular muscle layer should be examined separately.
Especially the effects on intestine, damaged by ischemia and
reperfusion, should be monitored because NSAIDs are used
especially in colic therapy where these kinds of damages are
found often.

Materials and Methods

The group of probands consisted of 13 horses with a clinically
healthy infestine. For the realisation of the experiment, the
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horses were placed under general anaesthesia following a
standardized anaesthesia protocol (xylazine-balanced isoflu-
rane inhalation anaesthesia). The horses were positioned for
a median laparotomy. After opening the abdominal cavity,
the middle section of the jejunum, between plica duodenoco-
lica and plica ileocaecalis was exteriorized. The experiments
occurred immediately following each other in one surgical
procedure. After realisation of the experiment, the horses
were euthanized free of pain, without regaining conscience.

Ischemia and reperfusion model
The study is divided into two consecutive experiments.
Experiment 1

After extracting the control sample from the area of the midd-
le section of the jejunum (a 25cm long jejunum segment,
after applying ligatures to the providing vessels in the mesent-
ery, in foto), an experimental partial ischemia of 90 minutes
was applied. For this, an intestinal loop of the middle jejunum
of approximately 50cm was ligated with a Bihnerband. The
ligature included both intestinal tubes as well as the providing
vessels. A warm ischemia with a remaining blood flow of
approximately 10% was intended. The following figures (Fig.
1 and 2) demonstrate the experimental ischemia and the
resulting changes of the intestine. A control of the grade of
ischemia as well as the following reperfusion occurred by pul-
se oximetry and O,C device (company LEA Medizintechnik,
Giessen, Germany). Following the ischemia phase, a reper-
fusion phase of 30 minutes with subsequent sampling took
place by releasing the ligatures. The samples were freed of

Y 1y
Fig.1 Creation of the experimental partial ischemia by applying
a Buhnerband

Fig. 2  Infestinal segment after 90 minutes of ischemia
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ingesta by careful rinsing with warm isotonic saline solution
and stored in oxygenated Krebs-Henseleit buffer solution.

Experiment 2

Another extraction of an unharmed intestinal segment (K2) of
the jejunum distal to the experimental ischemia and reperfu-
sion occurred with a distance of 100cm with the same kind
of sample and the same sample preparation. Another experi-
mental ischemia was created in a not-immediately adjacent
intestinal segment of the middle jejunum, according to the
model described above. After an ischemia over a period of
one hour, the probands, after randomization, received one of
the both NSAIDs (flunixin meglumine or firocoxib) as intrave-
nous application via peripheral venous catheter in the highest
dosage given by the manufacturer (flunixin meglumine 1.1
mg/kg Flunidol® RP 50mg/ml, CP-Pharma Handelsgesell-
schaft mbH, Burgdorf, Germany, firocoxib 0.9mg/kg
Equioxx® 20mg/ml Merial, Lyon, France). After expiration of
the ischemia time of 90 minutes, the Bihnerband was relea-
sed and the reperfusion time of 30 minutes was induced.
Once more samples were taken of the infestinal segment
(R2), damaged by ischemia and reperfusion. Further, imme-
diately after extraction of R2, another sample was drawn of
an unharmed intfestinal section 100cm distal to the experi-
mental ischemia damage (K3). The two-piece setup of the
study is graphically depicted in Fig. 3.

Sample preparation

In order to receive muscle probes, the mucosa with shares of
serosa was removed. Muscle strips were cut from the longitu-
dinal and circular musculature. The size of the strips was 1 cm
at length and 0.5cm at width. After preparation, thread was
tied to the ends of the muscle strips in order to allow better
fixation later in tissue chambers and to transducers. The used
device consisted of 16 chambers, divided into two systems
with eight chambers each, filled with Krebs-Henseleit buffer
solution. A contfinuous fumigation with oxygen was maintai-
ned throughout the experiment in order to secure oxygenation
of the samples. The thread tied to the upper part of the mus-
cle strip was attached to an adjustable transducer.

The transducer measured the spontaneous contractions (fre-
quency, amplitude, median force) and forwarded these to a
measuring unit (Spider 8 chart recorder 4.8kHz/DC) where
the data was transformed (Catman Easy software) and
displayed as graphics on the monitor. An equilibration time of
60 minutes followed during which in the first 30 minutes the
muscle strips were brought to a pretension of 2g.

Experiment execution
Feeding of the chambers occurred equally with longitudinal
and circular muscle strips.

Experiment 1

Depending on the type of muscle, two chambers with control
samples (K1), two with ischemia and reperfusion samples
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(R1), two ischemia and reperfusion samples with flunixin
application (R1g, ) and two damaged samples with firocoxib
application (R1¢, ). The application of NSAIDs occurred in
cumulative increase with the concentration stages depicted in
Figure 4 with 15 minutes impact time. A continuous measu-
rement of spontaneous contractions followed. Figure 4 gra-
phically shows the time lapse of the first experiment (Fig. 4).

Experiment 2

Examination after NSAID application in vivo. Here also an
equal distribution of the chambers to the muscle strips took
place. Thereby, per muscle layer two chambers each had
samples without NSAID application as time control (K2), two
each had unharmed samples with NSAID application
(K3, /K3¢,,) and four chambers each had samples with
NSAID application, damaged by ischemia and reperfusion
(R2¢,,/R2;,.). The measurement continuously fook place as
in experiment 1.

Evaluation and statistics

Experiment 1

In the evaluation, the contractions after equilibration time and
subsequently before the particular NSAID applications at time
periods of 15 minutes were observed. Time spans of three
minutes each were evaluated, whereas the first time span
directly before the first application was used for evaluation. Six
time spans of three minutes each were evaluated. The points in
time for evaluation were chosen to be after the maximal impact
time of the parficular concentration stage of the NSAID.

Experiment 2

Here the contractions were observed in the same time spans
as in experiment 1. Likewise, time spans of three minutes

PART 1 PART 2
1 8 § NSAID i.v. as
I_| Ischaemia1 | IR 1 | l| Ischaemia 2 | rR2 |l|
S0 min 30min 60 min 30min  30min
Fig. 3 Depiction of sample taking for both experiments. The sam-

ples were taken after each other within one surgery. First experiment:
1. Unharmed sample as control (K1), 2. Sample damaged by ische-
mia and reperfusion (R1). Second experiment: 3. Unharmed sample
for time control (K2), 4. Sample with NSAID damaged by ischemia
and reperfusion (R2), 5. Unharmed sample with NSAID (K3)

concentration 1107 Wa0fM LA0EM 1x10c M 2,7%10°
15 min |\| 15 min |I| 5 min |\| 15 min I| 15 min

equilibration
Minuten: 60 5 B 0t 0
measurement ‘ ‘ ‘ ‘

Fig. 4  Depiction of the concentration stages, the temporal sequen-
ce of NSAID applications and the time points for measurement (ZP).
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each were examined. In the results, the evaluation of the first
and the last time span (measurement 1 and 6) of the experi-
ment is depicted because no significant changes occurred
over the course of time.

The statistical calculation of data took place with the statisti-
cal program SAS Version 9.3 (SAS Institute, Cary, NC, USA).
For evaluation of the linear model the “mixed procedure”
under consideration of a significance level of <0.05 was cho-

sen (=5%).

The model residues of the different treatments were tested
with  Shapiro-Wilks concerning standard distribution and
compared with the Tukey-Kramer method after two-factor
comparison. The examination within one treatment group
over time occurred by Wilcoxon ranked sum test. The graphi-
cal depiction of the means and their standard deviation took
place with the graphics program Graphpad Prism 5 (Graph
Pad Software Inc.) in form of bar graphs as well as Excel
(Microsoft Corporation) in form of line graphs.

Results

Of the twelve remaining probands (one died under general
anaesthesia), eleven horses could be used for the in vitro moti-
lity measurement (the samples of one proband showed no
spontaneous contractility). Muscle strips that showed no con-
tractility during equilibration time, also subsequently develo-
ped no spontaneous contractility. In general, the contractions
of the strips of longitudinal muscle were weaker than those of
the strips of circular muscle. This relates to all three measured
parameters: frequency, amplitude and median force.

Effects on the longitudinal muscle after in vitro application

Effect on the frequency

The damage through experimental ischemia and reperfusion
has a significant influence on the frequency of contractions.
In the samples R1 as well as R1 ~and R1.  a significant
increase of the frequency of contractions could be seen in
comparison to the control samples (K1) (P<0.0001). The
application of flunixin and firocoxib showed no significant
changes in comparison to the untreated samples damaged
by ischemia and reperfusion (R1). Especially, there were no
significant differences between the samples treated with firo-
coxib and flunixin (R1., , R1. ). Also the cumulative increase
of the agent’s concentration had no significant effect on the
frequency of contractions.

Effect on the amplitude

The application of flunixin in its highest concentration showed
a significant reduction of the amplitude of contractions in
comparison to the untreated samples damaged through
ischemia and reperfusion (R1) P=0.0281. There were no
significant differences between the samples treated with firo-
coxib and flunixin (R1 R1 The graphical depiction is
shown in Figure 5.

Flun’ Firo)'
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Effect on the force

At the points in time ZP2, ZP5 and ZPé, a significant increase
of the median force could be seen in the R1 samples in com-
parison to the control samples K1 (ZP2: P=0.0065, ZP5:
P=0.0123, ZP4: P=0.0082). There were no significant dif-
ferences between the samples treated with firocoxib and flu-
nixin (R1.,, R1; ). The cumulative increase of the agent’s
concentrations only had a significant effect on the median
force of contraction in case of flunixin, at the points ZP5 and
ZP6 the R1Flun sample showed a significantly lower median
force of contractions than the untreated sample R1 at times

ZP5 (P=0.0418) and ZP6 (P=0.0025).

Effects on the circular muscle after in vitro application

Effect on the frequency

The damage through experimental ischemia and reperfusion
has a significant effect on the frequency. In the samples R1,
R1g,, and Rl a significant increase of the frequency of
contractions could be seen in comparison to the control sam-
ples (K1). Samples treated with flunixin at the highest concen-
tration showed a significantly lower frequency of contractions
in comparison to untreated R1 samples and R1 samples tre-
ated with firocoxib, R1 (P=0.0001) and R1., (P <0.0001).
Also a change within the samples R1,, ~could be seen over
time. A significant decrease in frequency occurred over time:
from ZP2 to ZPé (P =0.0437), from ZP3 to ZP6 (P =0.0006),
from ZP4 to ZP6 (P=0.0021) and from ZP5 to ZP6
(P=0.0021). In case of application of firocoxib, significant
changes could be seen over time. The frequency from ZP5 to
ZP6 was significantly higher than at ZP1 (ZP5: 0.0179, ZPé:
P=0.0014).

Effect on the amplitude

Ischemia and reperfusion had no influence on the amplitude
of contractions of the circular muscles. Within the samples
R1g,, and Rl ., significant decreases of the amplitude of
contractions could be seen over time/when increasing the
concentrations of the depending NSAID. A significant decre-
ase of the amplitude of the samples R1,, could be seen over
time: from ZP1 to ZP5 (P=0.0018), from ZP1 to ZP6
(P <0.0001). A significant decrease of the amplitude of con-
tractions in the samples R1,  could be seen from the time of
ZP1 to ZP6 (P =0.0163). After application of the highest con-
centration of flunixin, a significant decrease in the amplitude
of contractions occurred in comparison to all other samples.
The amplitude of contractions of the samples R1y, —during
the measuring times ZP5 and ZP6 (after 120 and 135 minu-
tes) was significantly lower than those of the samples R1 (ZP5:
P=0.0459, ZP6: P<0.0001) and at ZPé also significantly
lower than the samples R1. =~ (P=0.0041) and KI
(P=0.0070).

Effect on the force

Damage through experimental ischemia and reperfusion had
a significant effect on the median force of contractions, a sig-
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nificant increase of the median force of the R1 samples could
be seen in comparison to the control samples K1 starting at
ZP3 (ZP3 (P=0.0182), ZP4 (P <0.0001), ZP5 (P =0.0020)
and ZP6 (P=0.0206) (90,105,120 and 135 minutes)). Sig-
nificant differences between the samples treated with firocoxib
and flunixin R1,, , R1., ) could be seen at the highest stages
of concentration.

Firo)

The cumulative increase of the agent’s concentration in case
of flunixin led to a significant decrease of the median force of
contractions. At the measurement times ZP5 and ZP6 (120
and 135 minutes), significant decreases of the samples R1,, -
to the median values of force of the samples R1 could be
seen (ZP5: P=0.0031, ZPé: P<0.0001) and also in com-
parison to the samples R1,, at ZP5 (P=0.0104) and ZP6
(P<0.0001). Also a significant decrease over time could be
seen within the samples of R1. , from ZP1 to ZP5
(P=0.0116), from ZP1 to ZP6 (P =0.0001), from ZP2 to ZP6
(P=0.0001), from ZP3 to ZP5 (P=0.0297), from ZP3 to ZPé
(P<0.0001) and from ZP4 to ZP6 (P=0.0018). The graphi-

cal depiction is shown in Figure 6.
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Summary of the first experiment (in vitro)

At the highest concentration stage flunixin, after in vitro appli-
cation, showed a significantly inhibitory effect concerning
contractility, whereas firocoxib achieved no significant effects.
The damage through ischemia and reperfusion had a signifi-
cantly increasing effect concerning contractility.

Experiment 2: in vivo application of the agents

Six of the probands included in the evaluation were treated
with flunixin meglumine and five with firocoxib. The measure-
ment of contractility of the five in vivo treated muscle samples
took place subsequently to the measurements of the first
experiment.

Effects of the in vivo application on the longitudinal muscle

Frequency

At both measurement times, the samples R2; —and K3
showed significantly higher values for the frequency of con-
tractions than the samples R2;, ~and K3 . The graphical
depiction is demonstrated in Figure 7.

Firo*

Amplitude

Both samples, damaged through ischemia and reperfusion,
with NSAID application (flunixin meglumine and firocoxib)
showed a higher amplitude of contractions than the control
samples without NSAIDs.

Median force

The samples treated in vivo with flunixin meglumine showed
a significantly higher force in the samples damaged through
ischemia and reperfusion in comparison to the samples K2 as
well as to the samples K3, _ at both measurement times (ZP1:

P=0.0257, ZP2: P=0.0301). Samples with firocoxib showed

[pro min] * % FTTY
-
E: I
ey L |
———
———
P
5:3:% -
& & & &f
((.\@ Q\° «\0
< s
Fig 7 Frequency of longitudinal muscle contractions after treat-

ment with NSAIDs in vivo. * = significantly higher than control group,
IR + Firocoxib, control + Firocoxib; ** =significantly higher than
control group; *** =significantly higher than control group, control
+ Firocoxib
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a significantly higher force in the damaged samples R2., in
comparison to the samples K2 (ZP1: P=0.0193, ZP2:
P=0.0201) and K3, (ZP1: P=0.0102, ZP2: P=0.0112).

Firo (

Effects of the in vivo application on the circular muscle

Frequency

The samples treated in vivo with flunixin meglumine showed
a significantly higher frequency in the damaged samples
R2,, than the samples K2.

Flun

Median force

Effect of the intravenous treatment with flunixin: The samples
treated in vivo with flunixin showed a significantly higher force
of contractions in the circular muscle regarding the samples
R2;,,, in comparison to the samples K2 (ZP1: P=0.0443,
ZP2: P=0.0423),R2 (ZP1:P=0.0454, ZP2: P=0.0487),
K3, (ZP1: P=0.0320, ZP2: P=0.0012) and K3, _ (ZP1:
P=0.0544, ZP2: P=0.0538) at both measurement times.
The samples R2;, = showed a significantly higher median for-
ce at the point of the second measurement (P =0.0106) than
the samples K3

Flun®

Summary of the second experiment (in vivo), Tables 1 and 2

Regarding the longitudinal muscle strips, the in vivo applica-
tion of flunixin led to a significant increase of the frequency in
the damaged samples in comparison to the samples with firo-
coxib application and the control samples, whereas the
amplitude of the longitudinal muscle strips was significantly
increased in the damaged samples through application of
firocoxib in comparison to the control group. The median for-
ce in the damaged samples after application of flunixin and
firocoxib did not significantly differ but was higher than the
median force of the unharmed control and the unharmed
samples after application of flunixin and firocoxib.

In case of the circular muscle strips, at the point of the first
measurement a significantly higher frequency of the dama-
ged samples with flunixin could be seen in comparison to the
control samples. Significant differences regarding the ampli-
tude of all samples were not apparent. The median force was
significantly higher in the R2Flun than in the other samples
and the K3Flun showed the lowest median force.

A. Wogatzki et al.

Control samples in the first and second experiment — effects
of the factor time

There were no significant differences regarding frequency,
amplitude and median force of contractions between both
control groups.

Discussion

The warm ischemia model was chosen for the presented study
due to its similarity to the ischemic situation during a colic
(Blikslager et al. 2008, Moore et al. 1995). This applied
ischemia and reperfusion model led to detectable ischemia
and reperfusion damage in form of a significant immigration
of neutrophil granulocytes and oedema formation (Venfe
2011). Damage by the experimental ischemia and reperfu-
sion led to significant hypercontractility (probably contractility
increase due to damage) in this study in comparison to
unharmed samples of longitudinal and circular muscle layer
in vitro. This assumption is supported by observations of
increased contractility of the damaged intestinal segments in
vivo in the presented study. The reasons for the increase in
contractility through the damage after ischemia and reperfu-
sion could be an upregulation of the COX isoforms, especi-
ally of the inducible COX-2, and resulting higher rates of syn-
thesis of prostaglandins.

In the presented study also an effect of different NSAIDs on
the infestinal contractility could be seen and an effect on the
gastrointestinal functions due to COX inhibition through the
NSAIDs is probable (van Hoogmoed et al. 2000).

Due to the results of both experiments, a toxicological effect
of flunixin after in vitro application of the agent is assumed,
by the authors, to be the most probable explanation of the
significant inhibitory effect. Possibly, toxic pharmacological
effects in case of the in vitro application of the agents occur-
red in the presented study, as also discussed in the work
group of van Hoogmoed et al. (2002). Probably, higher
agent concentrations were reached with in vitro application of
the agents than after intravenous application. The high plas-
ma protein bond of flunixin (up to 99 %) causes only appro-
ximately 1% to reach the effect area free in the cell. Therefore
it is probable that affer intravenous application of flunixin
substantially lower tissue concentrations are reached than the
highest that were chosen for in vitro application in this study.
It is possible that this leads to an intoxication of the tissue

Tab 1 Tabular summary of the effects on the longitudinal muscle after in vivo application of NSAIDs

longitudinal flunixin

firocoxib

frequency
amplitude

median force

increased (comparison: all samples excl. K3g,,)
increased (comparison: control)

increased (comparison: all unharmed samples)

increased (comparison: control)
increased (comparison: control)

increased (comparison: all unharmed samples)

Tab 2 Tabular summary of the effects on the circular muscle after in vivo application of NSAIDs

circular flunixin firocoxib
frequency increased (comparison: control) no effect
amplitude no effect no effect
median force increased (comparison: control) no effect
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through the agents after in vitro application and therefore
results in a different effect than after intravenous in vivo appli-
cation. In order to verify a toxic tissue effect, actual tissue con-
centrations after in vivo application should be determined.

Due to the results of the presented study, it possibly can be
assumed that, in case of intravenous application in therapeu-
tic dosage, lower concentrations can be reached than those
agent concentrations used in vitro and that, after in vitro
application, there may have been an inhibition of the infesti-
nal motility through a COX-1 independent mechanism (van
Hoogmoed et al. 2002). The different results of the first (in
vitro application of the agents) and the second part of the stu-
dy (intravenous in vivo application of the NSAIDs) also allow
the possibility of a direct interaction of the agents flunixin and
firocoxib with the smooth muscle cells. Possibly, this interac-
tion is also not COX-mediated. Also possible are effects of the
different application possibilities of the NSAIDs: the in vitro
application with direct tissue exposition and the infravenous in
vivo application. The in vitro application results in direct tissue
contact and, in case of the in vivo application, the flunixin is
applied infravenously as injection solution and reaches the
muscle cells via bloodstream. A toxic effect through direct tis-
sue contact is possible. Also it has to be considered that drugs
applied in vitro underlie no sorts of metabolism and that the
physiological medium blood is replaced by a serum-like buf-
fer solution, isotonically and ionically adapted to blood. Furt-
her it has to be assumed, that the samples of the second
experiment were influenced by the previous first experiment.
Here, a panenteritic process could have resulted due to mani-
pulation and long surgery time. Therefore it is difficult to
transfer results gained in vitro to in vivo circumstances and
therapeutic doses. Through the metabolism missing in vitro, a
prolonged fissue exposition with the drug at its highest con-
centration rate occurs. The effects of the COX inhibitors on
local cellular mechanisms are not fully clarified and require
further research.

In the presented study, different effects on both muscle layers
took place, especially through in vitro application of flunixin.
Indeed an inhibitory effect of flunixin in high concentrations
(1X10°M-2.7 x10°°M) occurred on the contractility (fre-
quency, amplitude, median force) in both muscle layers,
however the reduction of the contractility in the longitudinal
muscle led to similar values as those of the untreated control,
whereas a reduction of the contractility under the values of
the control was seen and many samples showed no more
spontaneous contractility. These differences could be eviden-
ce for generally different distribution of COX in the muscle
layers (more in the circular than in the longitudinal muscle
layer), different distribution of COX isoforms, temporally dif-
ferent upregulation of the COX isoforms or a different
response, respectively reaction, to the corresponding synthe-
sis products of the COX. Further, a different degree of the
muscle (number of muscle fibres per area) has to be taken as
a possibility for the varying reactions.

Due to missing effects after in vitro application of prostaglan-
din antagonists to muscle strips tied in organ baths, Menozzi
et al. 2009 concluded that maybe there is no direct correla-
tion between the effect of the NSAIDs and the influencing of
the intestinal contractility through the effect of prostaglandin.
Also the results of the presented study could indicate that the
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various COX isoforms play a varying role in the modulation
of the motility of the small intestine. The results of this study
concerning in vitro application of the agents could be a result
of the different selectivity and therefore different inhibition of
the COX isoforms through flunixin and firocoxib. The strong
selective inhibition of COX-2 by firocoxib, however, does not
seem fo influence the contractility in vitro.

Other experiments with the COX-1 selective inhibitor SC-560
allowed the conclusion that the COX-1 isoform plays a more
subordinate role in the regulation of the motility of the small
intestine (Wallace 2000). However, it is assumed that COX-2
plays a role in the regulation of the gastrointestinal motility
(Little et al. 2007b, Bernardini et al. 2006). The exact physio-
logical function however is not clear, but is probably based on
the coexpression of different prostaglandin synthases (Little et
al. 2007b, Bernardini et al. 2006).

Concerning the in vitro measurements of contractility in this
present study, the modulation of the contractility gives a diffe-
rent picture after intravenous in vivo application of the
NSAIDs flunixin and firocoxib. Here, a significant increase of
the contractility parameters could be seen after intravenous
flunixin meglumine application. The reason could be the
PGE2 reduction (PGE2 has inhibitory effects on the in vitro
contractility of the intestine) through the flunixin-related inhi-

bition of COX-1.

Summary and clinical relevance

In vitro application of flunixin resulted in inhibitory effects.
Because the inhibitory effect only appeared in the highest
agent concentration and also only when applied in vitro, a
toxicological effect is probable. In vivo, these tissue concen-
trations in the dosage recommended by the manufacturer are
probably never reached. Also, the direct contact with the fis-
sue that occurred in case of the in vitro application and that
is not applicable to the in vivo situation has to be considered
as possible explanation for the results. After in vitro applica-
tion, Firocoxib showed no significant differences in all three
measured parameters (frequency, amplitude and median for-
ce) in the longitudinal muscle strips as well as the circular
muscle strips to the untreated sample after ischemia and
reperfusion.

After in vivo application of the agents, a different result beca-
me apparent. Here there seems to be an increasing effect
through flunixin meglumine regarding contractility in the equi-
ne jejunum damaged through ischemia and reperfusion. The-
se results are much closer fo use in an actual equine colic
patient due to the application form, the initial intravascular
distribution in the body and the concentrations in the tissue,
and therefore more applicable to the in vivo situation of a
horse with colic. However, these results cannot just be extra-
polated because in vitro only the contractility but not the
directed motility could be measured.

It is questionable whether the hypercontractility shown in vitro
affer damage through ischemia and reperfusion leads to a
motility disorder in vivo. The inhibitory effects after in vitro
application of flunixin could not be comprehended after in vivo
application. After in vivo application, no evidence of inhibitory
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effects on the measured parameters concerning the contracti-
lity of the small intestine through NSAID application could be
found, therefore also no possible evidence for a participation
of the effects of NSAID on a postoperative ileus. Further exa-
minations must show whether other intestinal segments react
similarly and whether different reactions occur after different
damage. The results of the other study group that worked with
the same sample material showed that the COX-1 expression
was especially present in the circular muscle layer of the tunica
muscularis, however, only very poor in the longitudinal muscle
layer. The expression of COX-2 was substantially lower and
could then be seen in the longitudinal muscle layer (Franz
2013). This is an inferesting aspect when thinking about the
consequences of COX inhibition using NSAIDs.

Conclusions

An in vitro study is always only partly appropriate to draw
conclusions about the actual in vivo situation. However, an in
vitro study is good for depicting certain effects and then gai-
ning indications which make the in vivo situation more com-
prehensible and in order to then influence these specifically.
This study gave indications that an influence on the contrac-
tility through the application of COX inhibitors is probable
due to a toxicological effect after in vitro application and,
after in vivo application, possibly due to the synthesis inhibi-
tion of prostaglandins acting inhibitory on contractility. The
results of this study concerning the intravenous application of
the agents allows the conclusion that none of the examined
NSAIDs (flunixin and firocoxib) is clearly superior to the other
and therefore the use of a special NSAID cannot clearly be
recommended.

Animal welfare statement

For the experiments carried out in this study, a proposal for
animal testing was submitted to, and approved by, the Lower
Saxonian State Office for Consumer Protection and Food
Safety (LAVES) pursuant to Section 8, Paragraph 1 of the Ani-
mal Welfare Act in accordance with Appendix 1 of the Gene-
ral Administrative Regulations of 9 September 2000 (Az:
33.9-42502-04-11/0572).
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