
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


 
 

 
 
 
 
 
   
 

       

Iranian Journal of Basic Medical Sciences 
 

ijbms.mums.ac.ir 

The effects of cyclooxygenase inhibitors on the gastric 
emptying and small intestine transit in the male rats 
following traumatic brain injury  
 

Zakieh Keshavarzi 1*, Mohammad Khaksari 2, Nader Shahrokhi 2 
 
1 Department of Physiology, North Khorasan University of Medical Sciences, Bojnurd, Iran  
2 Department of Physiology, Kerman University of Medical Sciences, Kerman, Iran  

A R T I C L E   I N F O  A B S T R A C T 

Article type: 
Original article 

 Objective(s): This study was carried out to investigate the effects of COX-2 selective inhibitor 
(Celecoxib) or non-selective COX inhibitor (Ibuprofen) on gastrointestinal motility. 
Materials and Methods: The rats were randomly divided into five groups including: intact, sham, 
traumatic brain injury (TBI) group (intact rats under TBI), Celecoxib group (10 mg/kg), 
Ibuprofen group (10 mg/kg). Rats of the treatment groups received gavages at 1 hr before the 
TBI induction. The TBI was moderate and diffused using the Marmarou method. The gastric 
emptying and small intestine transit were measured by phenol red method. 
Results: The gastric emptying didn’t change following TBI induction compared to intact group. 
The consumption of ibuprofen or celecoxib didn’t have any effect on gastric emptying compared 
to sham group. TBI induction didn’t have any effect on the intestinal transit. Also, there was no 
significant difference between ibuprofen or celecoxib consumption vs. sham group (P>0.05). 
Conclusion: The COX-2 selective inhibitor (celecoxib) or non-selective COX inhibitor (ibuprofen) 
have no effects on gastric or small bowel transit. Further work is necessary to investigate the 
effects of non-selective COX inhibitors and their impact on gastrointestinal motility disorders. 
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Introduction 
Acute brain injury is a major cause of morbidity 

and mortality which correlates partly to the initial 
cerebral insult (1). Following traumatic brain injury 
(TBI), the function of some organs is impaired, 
contributing to a worse outcome. Systemic infla-
mmatory response syndrome (SIRS) is commonly 
encountered following acute brain injury. The 
gastrointestinal tract is frequently affected within 
SIRS. Distorted motility, gastrointestinal bleeding, 
splanchnic ischemia, gut hyperpermeability and 
bacterial translocation have been described as the 
acute brain injury consequences (2). 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are the most frequently used drugs in inflammatory 
diseases, since they are helpful in management of the 
pain, fever, redness, and edema arising as a result of 
inflammatory mediator liberation (3). Studies have 
shown that both therapeutic and side effects of 
NSAIDs are dependent on cyclooxygenase (COX) 
inhibition (4). It has been proposed that COX-2 
inhibition is responsible for the therapeutic effects of 
NSAIDs, while COX-1 inhibition causes the 
gastrointestinal and renal side effects (5). In spite of, 

 
similar amino acid sequence and catalytic activity of 
two COX isoforms, they were demonstrated to have 
different roles. These isoforms were named 
‘constitutive’COX-1 and ‘inducible’ COX-2 (6).  

COX-1 catalyzes the construction of cyto-
protective prostaglandins (PGs) in thrombocytes, 
vascular endothelium, stomach mucosa, kidneys, 
pancreas, Langerhans islets, and brain. COX-1 
products (prostaglandins (PGI2 and PGE2)), keeps 
integrity of gastrointestinal tract by reducing gastric 
acid secretion, increasing the thickness of mucus 
layer, stimulating bicarbonate secretion, and 
enhancing mucosal blood flow (7, 8). Drugs, which 
inhibit COX-1 more than COX-2, such as 
indomethacin, naproxen, and ibuprofen, cause more 
severe damage to the gastric tissues. As a result of 
studies focused on reduction of the adverse effects of 
NSAIDs, selective COX-2 inhibitors, such as celecoxib 
and rofecoxib, have been developed (9).  

Selective inhibitors of COX-2 are drugs in which 
therapeutic effects are as strong as conventional 
NSAIDs but would lead to fewer side effects (10). 
They possess analgesic, antipyretic and anti- 
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Figure 1. Gastric emptying in different groups (n= 7 in each group) after traumatic brain injury. Data are presented as mean±SEM. 
Abbreviation: TBI: Traumatic brain injury 
 
inflammatory effects as potent as traditional anti-
inflammatory drugs. Celecoxib and rofecoxib inhibit 
COX-2 more than COX-1 (11). It has been reported 
that these drugs do not induce any damage to the 
stomach tissue (12). 

While the effects of selective and non-selective 
COX inhibitors on gastric mucosal integrity are the 
subject of continued investigation, there is little 
information about the specific effect of COX-1 and 
COX-2 inhibitors on gastrointestinal motility 
following traumatic brain injury. In the present 
study, we evaluated the effects of COX-2 selective 
inhibitor (celecoxib) or non-selective COX inhibitor 
(ibuprofen) on gastrointestinal motility, using gastric 
emptying and intestinal transit model after the 
induction of traumatic brain injury. 

 
Materials and Methods 
Animals  

Male Wistar rats (250 to 300 g) were purchased 
from animal center of Kerman University of Medical 
Sciences, Iran. The rats were housed in temperature 
and humidity controlled animal quarters with a 12 hr 
light/dark cycle. All procedures were approved by 
the Institutional Animal Care Committee of Kerman 
University and were in accordance with the 
guidelines of the National Institutes of Health on the 
care and use of animals surgery. 
 
Experimental groups  

The rats were randomly divided into five groups 
(7 rats in each group): 1) intact group: the animals 
that were not given any drugs; 2) sham group: sham 
operated rats, but without actual induction of TBI; 
3)TBI group: intact rats injured using the traumatic 
brain injury device; 4) celecoxib group: gavaged with 
celecoxib (10 mg/kg) at 1 hr before the TBI 
induction (13);  5) iboprofen group: gavaged with 
ibuprofen (10 mg/kg) at 1 hr before the TBI 
induction (14). 

Induction of TBI 
All animals were intubated before the TBI 

induction. The TBI was moderate and diffused using 
the Marmarou method. The process of the TBI 
induction (made by department of Physiology, 
Kerman University of Medical Sciences) was as 
follows: a 250 g weight was dropped from a 2 meter 
height on the head of the anesthetized rat (with 
halothane in an mixture of 70% N2O / 30% O2 gas) 
when a metal disc (stainless steel) 10 mm in 
diameter and 3mm thick is attached on the animals 
skull. After the induction of trauma, the rats were 
immediately connected to animals’ respiratory pump 
(TSA animal respiratory compact, Germany). 
Endotracheal tube was removed after restoration of 
spontaneous breathing. After recovery, the rats were 
placed in individual cages (15).  
 
Phenol red meal 

Phenol red indicator (25 mg) was dissolved in 50 
ml of distilled water and filtered. The filtrate was 
heated to 70℃ and methylcellulose (0.75 g) was 
added to it with continuous stirring. Then, the 
mixture was cooled to 37℃ (16). 
 
Gastric emptying (GE) 

The standard method of phenol red marker meal 
accomplished by earlier workers, was used. Rats 
were deprived of food for 24 hr prior to 
experimentation but had free access to water, and 
0.5 ml of phenol red meal was administered by the 
aid of the oral feeding syringe. Animals were killed 
by cervical dislocation under intravenous 
thiopentone sodium anesthesia 15 min after the 
administration of the meal. Abdomen was opened 
and stomach was dissected out after careful ligation 
at the cardiac and pyloric ends, and was washed with 
normal saline. The stomach was homogenized with 
25 ml of 0.1 N NaOH. Then, 0.5 ml of trichloroacetic 
acid (20 % w/v) was added to 5 ml homogenate and 
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centrifuged at 3000 rpm for 20 min. One ml of 
supernatant mixed with 4 ml of 0.5 N NaOH. The 
absorbance of acquired pink colored liquid was 
measured using spectrophotometer at 560 nm.  This 
correlates with the concentration of phenol red in 
the stomach, which in turn depends upon the gastric 
emptying. The percentage gastric emptying is 
derived as (1-X/Y) 100 where, X is absorbance of 
phenol red recovered from the stomach of animals 
sacrificed 15 min after test meal. Y is mean (n=5) 
absorbance of phenol red recovered from the 
stomachs of control animals (killed at 0 min 
following test meal) (16). 
 
The small intestine transit 

The small intestine was dissected out from the 
pylorus and ileocaecal junction and the point to 
which meal had traversed was secured with thread 
to avoid change in the length of the transit due to 
handling. The total length of the small intestine and 
distance traveled by phenol red meal was measured. 
The small intestinal transit (SIT) was calculated 
considering the distance traveled by phenol red meal 
divided by total length of the small intestine, 
multiplied by 100. Small intestinal transit was 
expressed as mean ± SEM. The observer was blinded 
for the drugs administered to the mice (16). 
 
Statistical analysis 

SPSS 11.5 was used for the statistical analysis. 
Each parameter was expressed as mean ± SEM, and 
compared using one-way analysis of variance 
(ANOVA), followed by least significant difference 
(LSD) test. The level of significance was P<0.05. 

 
Results  
Gastric emptying 

As shown in Figure 1, the gastric emptying didn’t 
change in TBI group (95.42 ± 1.2) compared to intact 
group (95 ± 0.61). Also, the consumption of 
iboprophen (94 ± 1) or celecoxib (95 ± 1.2) didn’t 
have any effect on gastric emptying compared to 
sham group. 
 
Intestinal transit 

As shown in Table 1, TBI induction didn’t have 
any effect on the intestinal transit. Also, there is no 
significant difference between ibuprofen or celecoxib 
consumption compared to sham group (P> 0.05). 
 
Discussion 

TBI induces changes in some organs far from the 
initial injury site. This study describes a model of TBI 
in rat and the effects of a COX-2 selective inhibitor 
(celecoxib) or non-selective COX inhibitor 
(ibuprofen) on gastrointestinal motility. 

In the present study it was found that gastric and 
intestinal transit didn’t change following brain 
trauma. In consistent with our results, Melro et al 

Table 1. Small intestinal transit in different groups (n= 7 in each 
group) after traumatic brain injury. Data are presented as mean ± 
SEM. Abbreviation: TBI: Traumatic brain injury 

Treatment (mg/kg) Small intestine transit (%) P-value 
Intact 85.42± 2.10 P> 0.05 
TBI 87.85± 1.31 P> 0.05 
Sham 86.42± 0.71 P> 0.05 
Ibuprofen (10) P.O. 85.57± 0.54 P> 0.05 
Celecoxib (10) P.O. 85.71± 0.8 P> 0.05 

 
reported that gastric emptying did not change 
following mild to moderate ischemic brain injury 
(17). However, the presence of vomiting, abdominal 
distension, and increased gastric remnants after 
neurological trauma suggests abnormal gastric 
movements in some studies. It has been observed 
that gastric movements were inhibited during the 
first min by bilateral carotid artery ligation and 
cerebral ischemia (18). Also, increased intracranial 
pressure caused reversible inhibition of duodenal 
and gastric motor function immediately (19). 
Possible reasons for this controversy could be 
explained by ischemic brain injury type, time, and 
method of gastric motility measurement. 

The current study also showed that gastric 
motility and intestinal transit didn’t change following 
treatment with ibuprofen or celecoxib. Arachidonic 
acid is released from cell membranes following TBI 
and converted to prostaglandins by cyclooxygenases 
(20). Cyclooxygenase-2 (COX-2) is a primary 
inflammatory mediator that converts arachidonic 
acid from damaged membranes into vasoactive 
prostaglandins, producing reactive oxygen species in 
the process (21). Also, COX-1 and COX-2 are 
expressed in the gastrointestinal neuromuscular 
tissue, and that the mechanical activities of 
gastrointestinal muscles are modulated by 
prostanoids originating from both isoforms (22).  

In agreement with our results, Bouras et al 
showed that COX-2 inhibitors, celecoxib or rofecoxib, 
had no effect on gastric emptying ofliquids and solids 
in humans (23). Tanaka et al showed that a selective 
COX-1 inhibitor (SC-560) caused marked gastric and 
intestinal hypermotility, whereas a selective COX-2 
inhibitor (rofecoxib) had no effect on basal gastric or 
intestinal motor activities (24). Santoz et al showed 
that pharmacologically selective COX-2 inhibitor 
delayed gastric emptying but not intestinal transit, 
and inhibition of COX-1 delayed intestinal transit but 
not gastric emptying of liquids in awake rats (25). 
However, Porcher et al showed that both 
GR253035X (COX-2 selective inhibitor) and 
indomethacin (non selective COX inhibitor) reduced 
the fundal tone, and increased antral phasic 
contraction in the mouse stomach (22). Takeuchiet et 
al showed that SC-560, a COX-1 selective inhibitor, 
enhanced both amplitude and frequency of intestinal 
contractions in rats (26). 

In general, the results with COX-2 inhibitors 
were somewhat unexpected, as previous data with 
prostaglandins and non-selective COX inhibitors 
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showed motor effects in vivo. In animal studies of 
myoelectrical activity and gastric emptying, 
prostaglandins have variable effects on the upper gut 
(22). Although some studies suggest prostaglandins 
accelerate emptying of liquids from the human 
stomach, many studies have shown either no effect 
or a delay in gastric emptying in humans secondary 
to prostaglandins (27).  

In the current study, one possible explanation for 
the lack of the effect of the studied COX- inhibitors is 
inadequate dosing of drugs. The lack of the effect could 
also be secondary to the class of the COX inhibitors 
studied, based on the difference in expression of the 
COX isoforms (28). It is also possible that if we could 
use heavier weight, a significant inflammation might be 
induced. In this condition, we can assess the treatment 
groups more careful. 
 
Conclusion 

In summary, by the applied dosages, the COX-2 
selective inhibitor (celecoxib) or non-selective COX 
inhibitor (ibuprofen) had no effects on gastric or 
small bowel transit. Further works are needed to 
investigate the effects of non-selective COX inhibitors 
and their impact on gastrointestinal motility in 
diseases associated with inflammation. 
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