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Abstract— Rats belong to genus Rattus, and breed rapidly. 

Rodents pose the most serious threat to agriculture, humans, 

and destroy stored items and documents. All Other methods 

of rodent control are inefficient. Indomethacin, which is 

cheap with minimal side effects to man and other animals, 

causes 100% mortality in the rats experimentally, but with 

unexplained accumulation of undigested food in their 

stomach. This research aimed at   determining the effects of 

indomethacin on trypsin activity in rats. One hundred and 

fifty female rats were divided into six groups of twenty five 

rats each randomly. Group A was used as control, while the 

rest (B,C,D,E,F) served as experimental groups and were 

given varying indomethacin doses of 12.5mg/Kg, 25mg/Kg, 

50mg/Kg, 100mg/Kg and 150mg/Kg respectively, with five 

rats in each group euthanized at different time intervals of (1, 

2, 4, 8 and 12) hours. The rats were dissected, the gut contents 

removed, and the digesta from the duodenum prepared for 

enzyme activity analysis using spectrophotometry. The 

results showed that indomethacin causes a decrease in trypsin 

activity in all experimental the groups. The group given the 

highest dose (150mg/Kg) had mean the least trypsin activity 

at 3±0.1 µg/ml, while the group given the least dose 

(12.5mg/Kg) recorded the highest mean trypsin activity at 

113.5±0.03.  The group euthanized after one hour had 

113.2±0.03 µg/ml activity, while trypsin activity after 12 

hours was 6.3±0.10 µg/ml. The means in each group were 

significantly different at p<0.05. The decrease in trypsin 

activity is directly proportional to the increased dose of 

indomethacin administered and the length of time taken after 

its administration.  
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I. INTRODUCTION 

Rats are rodents in the genus Rattus. The most common 

commensal rats are the black rats, Rattu rattus and the 

Norway rats, Rattus norvegicus (Bradford, 2015; Aplin et al., 

2003). Rats are adapted to live in different range of habitats 

as they live around warehouses, residential buildings, and 

other human settlements (Vantassel et al., 2007), in 

agricultural areas, and buildings. Rats breed very rapidly, 

with some species breeding throughout the year, and they 

maintain their populations through constant reproduction 

(Swartz, 2014).  

Rats transmit many diseases including Hantavirus, 

pulmonary rat-bite fever, typhus salmonellosis, leptospirosis,   

syndrome, leptospirosis choriomeningitis (LCMV) and 

lymphocytic Bubonic plague, (Slak, 2010). Their feeding 

habits are destructive, and their nesting behaviours can 

compromise the structure of infested buildings (Vantassel et 

al., 2007; Shiels et al., 2014) and also lead to short-circuit 

fires if the rats gnaw on electrical wires. Since rats feed on 

many species of seeds and grains, they cause a lot of 

destruction in agricultural communities (Almeida et al., 

2013). Rats therefore cause serious financial loss both in the 

home and work environment and in agricultural areas. It is 

therefore imperative that effective and safe control measures 

are applied against them (Hygnstrom and Virchow, 2007).   

Methods of controlling rodents include biological, 

physical and chemical means. Biological means is achieved 

by keeping of other animals that act as predators (Sherman, 

2007) is insufficient, physical methods which include baited 

traps and rat-proof construction (Alonge, 2003) is no better 

while Chemical method of control which employs the use of 

rodenticides is the most popular method is associated with 

high costs and negative side effects, (Hygnstrom and 

Virchow, 2007).  

Indomethacin, a human drug under the class of non-

specific anti-inflammatory drug (NSAID), has been shown to 

cause 100% death in rats with minimal side effects to humans 

and other animals (Taiwo and Conte, 2008). Undigested, 

blood-stained feed was observed in the stomach of 

experimental rats after their death as a result of indomethacin 

administration in doses ranging from 83mg/Kg-250mg/Kg 

(Taiwo and Conte, 2008). This was linked to gastric 

ulcerations in the stomach wall. However there is no report 

on the effects of indomethacin on digestion. The presence of 

undigested food in the stomach could result from the effects 

of indomethacin on digestive enzymes in the stomach of rats. 

Therefore, this research was designed to determine the effects 

of indomethacin on trypsin in the duodenum of rats. 

II. MATERIALS AND METHODS 

A. Experimental animals, Indomethacin preparation and 

administration  

One hundred and fifty (150) female white albino Norway rats; 

Rattus norvegicus were purposively sampled and then 

randomly picked from the total rat population in the animal 

house from Kenyatta University. They were then divided into 

six groups of twenty five (25) rats each labeled A, B, C, D, E, 

and F and G randomly and subjected to the same conditions 

and treatment. All the animals underwent stabilization for 48 

hours, fasted for twelve (12) hours overnight before the drug 

was administered. Feeding and watering of the animals was 

resumed as soon as indomethacin administration was done, in 

equal amounts to all the rats in all groups (Taiwo and Conte, 

2008). The first twenty five (25) of the rats in group A were 

used as control, given only distilled water, while the 

remaining groups (B, C, D, E and F) served as experimental 

groups and were given 12.5mg/Kg, 25mg/Kg, 50mg/Kg, 

100mg/Kg and 150mg/Kg of indomethacin respectively. 

Indomethacin solution was prepared from one hundred 

capsules of Indocid® capsules which were bought from a 

pharmacy and dissolved in 100 millilitres (mL) of distilled 

water to make a solution with 25 mg indomethacin/mL of 

water (Taiwo and Conte, 2008). 
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B. Sample Preparation 

Five rats in each group were euthanized at intervals of one 

hour, two, four, eight and twelve hours from the time of 

indomethacin administration. Indomethacin administration 

was done using  a syringe 1mL by volume fitted with a 1mm 

bore metal cannula for direct delivery of the drug into the 

esophagus so as to avoid the possibility of spitting out the 

drug by the rats. The rats were dissected in sterilized and 

chilled cutting boards, the gut contents removed and the 

digesta from the duodenum emptied into sterile centrifuge 

vials, centrifuged at 10,000×g for 5 min (Skea et al., 2005; 

German and Bittong, 2009), and the contents of the duodenal 

fluid were then frozen in liquid nitrogen till analysis.  

C. Sample Enzyme Analysis 

The activity of trypsin in the specimens was then determined 

by continuous spectroscopic enzyme bioassays (Atkins and 

Julio, 2006) and the assay of trypsin activity was carried out 

in duodenal fluid using a modified version of the method 

designed by Erlanger et al. (1961), as described by Gawlicka 

et al. (2000) and German and Bittong, (2009). Factors that 

affect enzyme activity like temperature, salt concentration, 

enzyme and substrate concentration, activators, inhibitors and 

pH were controlled during analysis to increase validity and 

reliability of results (Daniel et al., 2010). Trypsin activity 

assay was done at 25°C, according to temperature 

measurements of the Río Marañon, (24°-26°) by the use of 

BioRad Benchmark Plus micro plate spectrophotometer in 

triplicates (Wienken, 2010). This was repeated for each rat in 

every group.  

D. Data Analysis 

Analysis of data was done by one way analysis of variance 

(ANOVA) and means separated by Least Significant 

Difference (LSD). Regression analysis was also done to test 

the relationship between indomethacin concentration and 

enzyme activity. The results of this study were expressed as 

mean ± standard error and tables and line graphs used to 

present results. 

III. RESULTS 

A. Effects of Varying Indomethacin Dose on Trypsin Activity 

in the Duodenum 

The mean trypsin activity for the control groups, given only 

distilled water, was found to be the highest (126.8±0.06 

µg/ml). In the experimental groups, the group that was given 

the highest dose of indomethacin at 150mg/kg recorded the 

least mean trypsin activity of (3±0.1 µg/ml), while the group 

that was given the lowest dose of 12.5mg/Kg recorded the 

highest trypsin activity of (113.5±0.03) (Table 3.1). In all the 

experimental groups, the results showed that, an increase in 

indomethacin dose administered leads to a decrease in the 

mean e activity of trypsin (Table 3.1). At p<0.05, the mean 

trypsin activity values were significantly different from each 

for trypsin when different drug concentrations were 

administered (Table 3.1). 

Drug concentr-ation  (mg/Kg) 
Trypsin activity (in µg/ml) 

Group1 (1hr) Group2 (2hrs) Group3 (4hrs) Group4 (8hrs) Group5  (12hrs) 

0 
126.0 

±0.09a 

126.0 

±0.05a 

126.8 

±0.06a 

125.0 

±0.05a 
125.9.6±0.05a 

12.5 
113.5 

±0.03b 

95.6 

±0.04b 

86 

±0.04b 

62.6 

±0.07b 

55.5 

±0.05b 

25.0 
90.8 

±0.06c 

82.3 

±0.06c 

68.8 

±0.05c 

54.6 

±0.07c 

45.3 

±0.05c 

50 
67.9 

±0.08d 

56.6 

±0.09d 

47.4 

±0.08d 

34.6 

±0.08d 

26.8 

±0.08d 

100 
36.8 

±0.10e 

30.6 

±0.08e 

22.8 

±0.09e 

15.6 

±0.08e 

12.4 

±0.09e 

150 
29.0 

±0.1f 

23 

±0.074f 

15 

±0.05f 
8.8±0.1f 

6.3 

±0.1f 

Table 3.1: Mean (± S.E) values for trypsin activities at different concentrations (mg/Kg) 

N.B: Means followed by same letters are not significantly 

different from each other at (p<0.05) 

Simple linear regression analysis test done on the 

data showed a linear relationship between indomethacin 

concentration and trypsin activity. An increase in 

indomethacin concentration resulted in a linear decrease in 

trypsin activity in all the experimental groups (Fig 3.1). 

 
Fig. 3.1: Regression curve for effect of indomethacin 

concentration on trypsin activity in Norway rats 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762538/#CR20
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762538/#CR23
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B. Effect of Time Taken after Indomethacin Administration 

on Trypsin Activity in Norway rats 

The mean trypsin activity remained high in the control group 

irrespective of the time taken after indomethacin 

administration with activity range of (239.2±1.0-238.4±0.5) 

µg/ml. There was however decrease on trypsin activity as 

time went by for all the experimental groups with the highest 

activity reported after one hour (113.2±0.03 µg/ml), while the 

least trypsin activity reported after 12 hours (6.3±0.10 µg/ml) 

(Fig 3.2). From the results trypsin activity decreases with 

more time is taken after indomethacin administration before 

euthanization is done.. The mean trypsin activity at different 

time intervals was found to be significantly different from 

each other at p<0.05 in the experimental groups. However, 

that of the control group showed no significant differences at 

different time intervals (Fig 3.2). 

 
Fig. 3.2:  Effect of time taken after indomethacin 

administration on trypsin activity in Norway rats 

IV. DISCUSSION 

A. Dose Dependent Effects of Indomethacin on Trypsin in 

the Duodenum 

This study found out that indomethacin affects trypsin by 

lowering its activity. The activity of trypsin also reduces with 

increase in the dose of indomethacin administered to the rats. 

This could be due to the denaturizing effect of indomethacin 

on trypsin enzyme as indomethacin is a known denaturant to 

enzymes (Kilpatrick and Bunk, 2009). Interaction of 

indomethacin with the pancreas leads to pancreatitis 

(Mahjoub et al., 2006; and Memis et al., 2005)  which leads 

to reduced secretion of pancreatic enzymes as it destroys the 

cells that secrete the digestive enzymes in the pancreas of 

which trypsin is part of (Bansal, 2017). Indomethacin also 

causes chronic pancreatitis (Pezzilli et al., 2010) that leads to 

pancreatic insufficiency (decrease in the amount of digestive 

enzymes present in the digestive fluid). Since trypsin is 

among the digestive enzymes secreted by the pancreas, 

decrease in the amount of trypsin will result. Indomethacin 

also blocks the calcium ion channels (Kaneko et al., 2002), 

preventing its absorption. It also reduces the amount of 

calcium in the duodenum because it is antagonistic to 

calcium. Calcium ions are needed for effective trypsin 

digestion and activity in the duodenum as it stabilizes the 

structure of trypsin (Gilliland and Teplyakov, 2006) and also 

activates trypsin enzyme from trypsinogen (Reraty et al., 

2000; Papaleo et al., 2005). The reduced calcium in the 

duodenum means instability of trypsin and reduction in ist 

amount.  Because all these factors lead to a reduction in the 

amount of trypsin present in the duodenum, its activity will 

also reduce since enzyme concentration directly affects its 

digestion and thus its activity (Nikitina et al., 2010) and also 

enzyme concentration and activity is directly proportional 

(Mayo et al., 2016). When indonmethacin dose is increased, 

these factors will become more severe leading to further 

decrease in the amount trypsin and thus its activity because 

indomethacin actions are dose dependent(Oluwabunmi and 

Abiola, 2015). 

Enterohepatic cycling of the indomethacin, leads to 

significant concentrations of indomethacin (20% to 65% of 

the initial dose) (Boelsterli and Ramirez‐Alcantara, 2011) in 

the duodenum. The enterohepatic circulation delivers back 

indomethacin into the duodenum (Mayo et al., 2016) leading 

to much higher levels of indomethacin than the original dose 

administered. The higher levels of indomethacin will exert 

more effects in the duodenum (Mayo et al., 2016). When 

indomethacin mixes with bile acids, they form a mixture of 

micelles which are toxic in the bile fluid and these can 

contribute to indomethacin‐induced gastrointestinal injuries 

(Dial et al., 2015). The additional gastrointestinal injuries 

together with increased concentrations of indomethacin will 

exert more negative effect on the duodenum leading to further 

reduction in the amount of trypsin and a reduction in its 

activity as the concentration of trypsin affects the rate of its 

digestion directly and therefore its activity (Nikitina et al., 

2010) and also enzyme concentration and activity is 

directlyproportional (Mayo et al., 2016). When the dose is 

increased the effects will be compounded as indomethacin 

actions are dose dependent (Taiwo and Conte 2008). 

B. Time dependent effects of indomethacin on trypsin 

activity in the duodenum of the Norway rats 

This study showed that trypsin activity decreases with 

increase in time taken before euthanization after 

indomethacin administration. This is because indomethacin 

effects are time dependent (Riew et al., 2003; Taiwo and 

Conte, 2008; Owoyelel et al., 2016). This being the case, 

increase in time taken after indomethacin administration will 

lead to more severe effects in the duodenum and thus a 

decrease in the activity of trypsin.  

Indomethacin denatures trypsin (Kilpatrick and 

Bunk, 2009). If more time is allowed after its administration, 

more denaturation takes place, fewer trypsin enzymes are left 

and hence the decrease in trypsin activity. Indomethacin also 

causes pancreatitis (Mahjoub et al., 2006; and Memis et al., 

2005). Therefore  if more time is allowed after  

administration, more severe pancreatitis will result leading to 

reduced secretion of pancreatic enzymes ( Bansal, 2017) 

resulting in lower amounts of trypsin and thus the reduced 

enzyme activity. More time after the drug administration also 

means more bile secretion into the duodenum. Bile secretions 

contain significant amounts of indomethacin due to 

enterohepatic cycling of the drug (Boelsterli and Ramirez‐

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pezzilli%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27713268
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Alcantara, 2011), which increases the overall concentration 

of the drug leading to more severe effects. Since 

indomethacin effects are dose dependent (Oluwabunmi and 

Abiola, 2015), trypsin activity will be decreased.   

Indomethacin also blocks the calcium ion channels 

and also reduces the amount of calcium in the duodenum due 

to its antagonistic effects.(Kaneko et al., 2002). If more time 

is allowed after drug administration, there will be reduced 

amount of calcium as less will be absorbed. Because calcium 

ions are needed for stabilization of trypsin structure (Gilliland 

and Teplyakov, 2006), and activation trypsin from 

trypsinogen (Reraty et al., 2000; Papaleo et al., 2005), the 

amount of trypsin will be reduced and thus its activity (Mayo 

et al., 2016). Therefore, as more time elapses after 

indomethacin administration, its   effects become more 

serious and the trypsin activity becomes lower.  

V. CONCLUSIONS 

Indomethacin affects trypsin by lowering its activity.  

Indomethacin effect on trypsin is dose dependent, that is 

when the dose of indomethacin is increased, there is a 

corresponding decrease in the activity of trypsin                                                                                                           

Indomethacin action on trypsin is also time dependent. When 

more time is allowed after administration of indomethacin, 

there is corresponding reduction in the activity of trypsin.  
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