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ABSTRACT 

Lansoprazole, a proton pump inhibitor, increases plasma levels of substance P. Substance P is known to play a role in anxiety. The 
objective of the study was to evaluate whether lansoprazole can cause anxiety in rats. Elevated plus maze and Open field test were 
used to assess anxiogenic activity. Four groups of rats were treated orally with gum acacia 10 ml/kg, lansoprazole 1 mg/kg, 2 mg/kg 
and 3 mg/kg doses respectively. The drugs were administered once daily for ten days. The time spent, number of entries, rears in 
the arms of the elevated plus maze and central and peripheral squares in the open field test were observed. In the elevated plus 
maze, the time spent by rats treated with lansoprazole (1, 2 and 3 mg/kg) was reduced in the open arm but increased in the closed 
arm as compared to control. The number of rearings in the closed arm in the lansoprazole treated rats was decreased as compared 
to control. In the open field, the time spent by rats treated with lansoprazole (2 mg/kg) was decreased in the centre but increased in 
the periphery as compared to control. The number of rearings in the periphery in rats treated with lansoprazole (2 mg/kg) was 
decreased as compared to control. Lansoprazole was found to induce anxiety in rats. 
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INTRODUCTION 

There has been a focus on the relationship between 
anxiety and peptic ulcer disease in clinical and research 
areas over the past few years1. Lansoprazole, a proton-
pump inhibitor, is used to treat gastric ulcers, 
gastroesophageal reflux disease (GERD), Zollinger-Ellison 
syndrome2. It is also used in the therapy of Helicobacter 
pylori, a bacterium that causes peptic ulcer2. Lansoprazole 
can increase plasma levels of substance P3. Substance P 
can cross the blood brain barrier4. An injection of 
substance P into the central nervous system produced 
aversive effects in rats in the elevated plus maze5.This 
reflects anxiogenic effect of substance P5. Hence, this 
study was undertaken to evaluate anxiogenic property of 
lansoprazole in wistar albino male rats using two models - 
elevated plus maze and open field test.  

MATERIALS AND METHODS 

Animals 

Adult male albino rats (150 ± 50 g) were used in this 
study. The rats were maintained under standard 
conditions in the Central Animal House, Manipal, 
Karnataka approved by the Committee for the Purpose of 
Control and Supervision of Experiments on Animals 
(CPCSEA), India. The rats were kept in polypropylene 
cages (U.N. Shah manufacturers, Mumbai, India) under 
standard environmental conditions and maintained on 
standard pellet diet (Amrut Lab Animal Feed, Pranav Agro 
Industries Ltd, Sangli, Maharashtra, India) and water ad 
libitum. The rats were maintained on a 12:12 hour light-
dark cycle. Experiments were performed during the dark 
cycle. 

 

Drugs 

Lansoprazole, oral disintegrating tablets 15 mg (Cipla, 
Solan, India); gum acacia (Nice Chemicals, Kochi, Kerala, 
India).  

Experimental Design 

The study was carried out after obtaining approval by the 
Institutional Animals Ethics Committee. Twenty four rats 
were used in this study. They were divided into four 
groups of six animals each.  

The treatment schedule was as follows 

Group 1- control, received 4% gum acacia in a dose of 10 
ml/kg.  

Group 2, 3 and 4 - received lansoprazole in a dose of 1 
mg/kg, 2mg/kg and 3mg/kg respectively.   

The drugs were administered orally, once daily, for ten 
days. The test drug lansoprazole was administered in 
doses based on a previous study6. The test was carried 
out 45 minutes after the last dose of the drugs on the 10th 
day. Two models were used in this study to assess anxiety 
in rats – elevated plus maze (EPM) and open field test 
(OFT). The apparatus in each model was wiped with 10% 
ethanol after the test with each rat to eliminate possible 
bias due to odour of previous animal. 

Elevated plus maze (EPM) 

The Elevated plus maze is widely used to assess anxiety7. 
The apparatus has two open arms (50×10 cm) and two 
closed arms (50×10×40 cm) with an open roof, around a 
central square (10×10 cm), such that arms of the same 
type are opposite to each other8. The entire maze is 
raised 50 cm above the ground. The drugs were 
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administered for ten days to four groups of rats. On the 
10th day, 45 minutes after drug administration, each rat 
was placed in the central square of the maze facing one of 
the closed arms9. The number of entries, time spent and 
the number of rears in each type of arm (open/closed) 
was recorded for 5 min10. An entry was defined as the 
presence of all four paws in the arm.  

Open field test 

In this test, exploratory pattern of the rat was studied to 
assess anxiety. The apparatus consists of a square arena 
96 x 96 cm2 with 60 cm high walls. The floor is divided 
into 25 squares. Nine squares in the middle were defined 
as the centre and sixteen squares along the walls as the 
periphery11. The open field was illuminated with 40W 
bulb from a height of about 100 cm. The experimental 
room was sound attenuated, dark room. Four groups of 
rats were administered drugs for ten days. On the 10th 
day, 45 minutes after drug administration, the rat was 
placed in the centre of the open field. The time spent, 
number of squares crossed and rearing in the central and 
peripheral areas was observed during a 5 minute 
exposure period. An entry into peripheral or central area 
was considered when all four paws were present in the 
area.  

Statistical Analysis  

All values are expressed as mean ± standard error of 
mean (SEM). Data was analyzed using one-way ANOVA. 
Post-hoc comparisons were performed by applying 

Bonferroni test. P < 0.05 was considered statistically 
significant. All statistical analyses were carried out by 
using SPSS for Windows (SPSS 17.0). 

RESULTS 

Elevated plus maze 

In the Elevated plus maze model, the time spent by 
lansoprazole treated rats (1, 2 and 3 mg/kg doses) in the 
open arm was significantly (p<0.05) decreased 
(37.16±5.71, 23.00±8.69, 46.00±7.07 s, respectively versus 
147.83±12.58 s of control group) but increased in the 
closed arm (262.83±5.72, 277.00±8.69, 254.00±7.07 s 
versus 157.16±17.11s of control group). The number of 
rearing in the closed arm was decreased in rats treated 
with lansoprazole (all three doses) as compared to the 
control group as shown in Table 1. 

Open field test 

In the open field test, rats treated with lansoprazole (2 
mg/kg) showed a significant (p < 0.05) decrease in the 
number of entries (2.83±0.48 versus 9.00±0.68 of control)   

and time spent (7.33±1.12 s as compared to 35.16±6.51s 
of control) in the central area (Table 2). There was an 
increase in the time spent in the periphery (292.66±1.11 s 
versus 264.83±6.51 s). Also, the number of rearing in the 
periphery was decreased in lansoprazole (2 mg/kg) 
treated rats as shown in Table 2. 

 

 

Table 1: Effect of lansoprazole on the behavior of rats in elevated plus maze model 

Group/drug (dose) 
Number of entries Time spent in seconds (s) Number of rears 

Open arm Closed arm Open arm Closed arm Open arm Closed arm 

1/Gum acacia (10 ml/kg) 5.50±0.43 5.33±0.33 147.83±12.58 157.16±17.11 1.83±0.65 8.33±0.42 

2/Lansoprazole (1 mg/kg) 4.50±0.72 4.66±0.88 37.16±5.71 * 262.83±5.72 * 1.50±0.62 4.50±0.56 * 

3/Lansoprazole (2 mg/kg) 5.50±1.11 5.66±0.88 23.00±8.69 * 277.00±8.69 * 1.16±0.98 3.33±0.42 * 

4/Lansoprazole (3 mg/kg) 5.33±1.43 5.16±1.45 46.00±7.07 * 254.00±7.07 * 0.83±0.31 3.50±0.42 * 
Values are expressed as mean ±SEM, n = 6 in each group.  
* p<0.05 as compared to control (ANOVA followed by Bonferroni’s test) 

 

Table 2: Effect of lansoprazole on the behavior of rats in the open field model 

Group 
Number of squares 

crossed  in the 
Number of entries 

in the 
Time spent in seconds (s) Number of rears 

centre periphery centre centre periphery centre periphery 

1 18.00±2.48 68.00±4.58 9.00±0.68 35.16±6.51 264.83±6.51 0.66±0.42 11.83±1.72 

2 15.50±3.97 77.50±11.93 5.50±1.11* 13.83±3.44* 276.00±5.76 0.33±0.33 7.50±1.63 

3 6.50±1.87 * 67.83±9.24 2.83±0.48 * 7.33±1.12* 292.66±1.11* 0.33±0.23 3.50±1.06 * 

4 15.16±1.30 63.00±6.27 5.16±0.87* 18.83±3.60 281.16±3.60 1.33±0.84 3.33±0.71* 
Values are expressed as mean ± SEM, n = 6 in each group. 
* p < 0.05 as compared to control (ANOVA followed by Bonferroni’s test) 
Group 1- gum acacia; 2, 3 and 4 – lansoprazole 1, 2, 3 mg/kg respectively. 
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DISCUSSION 

In the elevated plus maze, rats show preference towards 
closed arms and avoid open arms due to fear of open 
spaces7, 12. Avoidance of the open arms by the animal 
indicates anxiety whereas increase in the time spent 
and/or entries into the open arms is a result of lack of 
anxiety10. In this study, the decrease in time spent in the 
open arms, increase in time spent in closed arms and 
decrease in rearing in the closed arm in lansoprazole 
treated rats is the result of its anxiogenic effect.  

In the open field test, rodents show preference to the 
periphery of the apparatus13. A decrease in squares 
crossed, entries and time spent in the central area of the 
open field indicates anxiety14. A decrease in rearing 
indicates anxiety15. In our study, a decrease in activity in 
the centre and a decrease in rearing in the periphery in 
rats treated with 2mg/kg of lansoprazole is a result of 
anxiogenic effect of the drug. 

Substance P acts as a neurotransmitter in the central 
nervous system and the enteric neurons in the 
gastrointestinal tract16. Lansoprazole can stimulate 
capsaicin-sensitive afferent nerves in the gastrointestinal 
mucosa.  Stimulation of these nerves results in the 
release of substance P from the nerve endings and an 
increase in its plasma levels3. It is also known that 
substance P crosses the blood brain barrier4.  Studies 
show that the substance P–preferring neurokinin receptor 
is found in parts of the brain that play an important role 
in responses to anxiety-related behavior16, 17. Moreover, 
central injections of substance P resulted in an anxiogenic 
effect in rats in the elevated plus maze5.  

Our study demonstrated anxiogenic activity of 
lansoprazole in male Wistar rats. The limitation of this 
study has been non measurement of substance P in the 
brain and periphery. Clinical studies are required to assess 
whether lansoprazole can produce anxiety as side effect. 
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