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INTRODUCTION 
Beta blockers and calcium channel blockers are some of 

the most commonly prescribed drug classes for 

cardiovascular disorders such as hypertension. The most 

commonly chosen drugs from these classes are often 

Metoprolol and Amlodipine respectively. With the

gradually increasing global disease burden of CVDs such 

as hypertension and angina (Moran et al

drugs are being prescribed to a larger proportion of 

people. The average age of initiating patients on these 

medications has also reduced over the past couple of 

decades (from 55 years in 1999 to 42 years in 2012) 

(Supplement to JAPI, Feb., 2013). This same aging 
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Beta blockers and calcium channel blockers are some of 

the most commonly prescribed drug classes for 

cardiovascular disorders such as hypertension. The most 

commonly chosen drugs from these classes are often 

Metoprolol and Amlodipine respectively. With the 

gradually increasing global disease burden of CVDs such 

et al, 2014), these 

drugs are being prescribed to a larger proportion of 

people. The average age of initiating patients on these 

e past couple of 

decades (from 55 years in 1999 to 42 years in 2012) 

. This same aging 

population is additionally at risk form cognitive 

impairment (Seeley and Miller, 2012)

drugs have demonstrated a superlat

benefit, their effects on non-cardiovascular outcomes, 

such as cognition, remain inadequately researched. In this 

study we try to evaluate the effects of Metoprolol and 

Amlodipine on cognition in rats using the Cook’s Pole 

Climbing Apparatus.  
 

MATERIALS AND METHODS
Animals: Ethical Statement 
All the experiments were carried out in accordance with 

the guidelines set by “Committee for the Purpose of 

Control and Supervision on Ex

(CPCSEA). The permission of the Institut

Committee for Animal Experimentation was obtained 

prior to initiation of study. 

Animal Species for the Study 
Wistar rats, weighing 150-200 grams, purchased from 

Haffkine Biopharma Corp Ltd., Mumbai were used for 

the study. 
Animals were accommodated in polypropylene cages 

with grill on top. Facilities for food and water bottle and 

bedding of clean paddy husk were made. Animals were 
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population is additionally at risk form cognitive 

(Seeley and Miller, 2012). Although these 

drugs have demonstrated a superlative cardiovascular 

cardiovascular outcomes, 

such as cognition, remain inadequately researched. In this 

study we try to evaluate the effects of Metoprolol and 

Amlodipine on cognition in rats using the Cook’s Pole 

MATERIALS AND METHODS 

All the experiments were carried out in accordance with 

the guidelines set by “Committee for the Purpose of 

Control and Supervision on Experiments on Animals” 

The permission of the Institutional Ethics 

Committee for Animal Experimentation was obtained 

200 grams, purchased from 

Haffkine Biopharma Corp Ltd., Mumbai were used for 

Animals were accommodated in polypropylene cages 

with grill on top. Facilities for food and water bottle and 

bedding of clean paddy husk were made. Animals were 
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fed on standard pellet diet. Water was provided in glass 

bottles with stainless steel sipper tubes. Food and water 

was given ad libitum. One week period of acclimatization 

was given in animal laboratory at temperature of 25

humidity of 60 % and 12 hours light and dark cycle.

Animal model 
Cognition was evaluated by measuring the conditioned 

avoidance response (CAR) in rats as described by Cook 

and Weidley, using Cook’s Pole Climbing Apparatus. 

The animals were subjected to a training schedule 

individually by placing inside the Perspex chamber of the 

apparatus. After an acclimatisation period of fi

to the chamber, a buzzer was given for 5 seconds. Then, a 

shock of 1.5mA was administered through the grid floor 

for 10 seconds. The rat will have to jump on the pole to 

avoid foot shock. Jumping on the pole functionally 

terminates the shock and this is classified as an Escape 

(Unconditioned Response). Such jumping prior to the 

onset of the shock was considered as Avoidance 

(Conditioned Avoidance Response). The session was 

terminated after completion of 10 trials for each animal. 

Those animals which did not exhibit the unconditioned 

response were excluded from the study. The animals 

included were the ones which acquired the Conditioned 

Avoidance Response.  

Study Drugs 
All the study drugs were procured in the pure powder 

form from Cipla Ltd. Dosages used in the study were as 

follows: 

Amlodipine: 0.45mg/kg 

Metoprolol: 2.25mg/kg 

NS: 1ml 

The doses of the test drugs used are close to the lowest 

permissible anti-hypertensive dose of each drug.

Study Design 
All the animals were trained prior to commencing the 

study, till they acquired 100% CAR. The same tests were 

repeated on days 7, 14, 21 and 28 after commencement of 

drug dosing. This methodology has been modified and 

adopted form a study conducted on extra

Vitisvinifera in rats by Sreemantula et al

study was done with 3 groups (Normal Saline, 

Amlodipine and Metoprolol) of 6 animals each. 

Identification by cage tag was done. Each group received 

the study drugs for a period of 4 weeks, and th

to retain the Conditioned Avoidance Response was 

evaluated on day 7, 14, 21 and 28. The parameters 

evaluated at each session were: (i) the percentage of CAR 

(number of times the foot-shock was avoided by the 

animal) and (ii) the time taken by the animal to jump on 

to the pole to avoid the shock. 
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study, till they acquired 100% CAR. The same tests were 

repeated on days 7, 14, 21 and 28 after commencement of 

drug dosing. This methodology has been modified and 

adopted form a study conducted on extract of 

et al (2005). The 

study was done with 3 groups (Normal Saline, 

Amlodipine and Metoprolol) of 6 animals each. 
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shock was avoided by the 

he animal to jump on 

Figure 1: Avoidance Response
 

Table 1: Groups

Group no. Group description 

G1 NS 

G2 Amlodipine 0.45mg/kg

G3 Metoprolol 2.25mg/kg

Statistical Analysis 
The data were analysed by comparing with the control 

group by one-way ANOVA, followed by Tukey’s post

hoc test. The values have been compared within the 

groups using Repeated measures ANOVA. The results 

have been presented as description as well as in tabu

and graphical form for better comprehension. The results 

have been analysed with the aid of GraphPad Prism, 

version5. The values have been expressed as Mean ± 

Standard Deviation (SD).  
 
RESULTS 
All the groups were comparable to each other in terms of 

time taken for avoidance at the end of training sessions 

(p>0.05). Time to Avoidance at baseline was 3.89 ± 0.228 

seconds. The animals were given the Amlodipine and 

Metprolol in the specific doses, and were evaluated as per 

the study design. The following t

retention of CAR, and time taken for avoidance by each 

group (tables 1-4, figures 1-8) 
 

Table 1: Week 1

Group no Drug 

Time to 

Avoidance

(in seconds)

1. 
Normal 

Saline 
4.07± 0.132

2. Amlodipine 3.94± 0.171 

3. Metoprolol 4.29± 0.089 

After one week of dosing, the animals were found to have 

100% retention of the acquired reflex. The animals 

receiving Amlodipine and Metoprolol had times of 

avoidance which were comparable to the Control group.
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Avoidance Response 

Groups 

Dosage No. of animals 

1ml 6 

0.45mg/kg 6 

2.25mg/kg 6 

The data were analysed by comparing with the control 

way ANOVA, followed by Tukey’s post-

hoc test. The values have been compared within the 

groups using Repeated measures ANOVA. The results 

have been presented as description as well as in tabular 

and graphical form for better comprehension. The results 

have been analysed with the aid of GraphPad Prism, 

version5. The values have been expressed as Mean ± 

All the groups were comparable to each other in terms of 

ime taken for avoidance at the end of training sessions 

(p>0.05). Time to Avoidance at baseline was 3.89 ± 0.228 

The animals were given the Amlodipine and 

Metprolol in the specific doses, and were evaluated as per 

the study design. The following tables mention the 

retention of CAR, and time taken for avoidance by each 

Week 1 

Time to 

Avoidance 

(in seconds) 

Level of 

Significance 

% retention 

of CAR  

4.07± 0.132  100  

3.94± 0.171 
[NS]

 p>0.05 100  

4.29± 0.089 
[NS]

 p>0.05 100  

After one week of dosing, the animals were found to have 

100% retention of the acquired reflex. The animals 

receiving Amlodipine and Metoprolol had times of 

avoidance which were comparable to the Control group.
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Figure 2: Time taken to Avoidance (seconds; mean ± SD) 

 

 
Figure 3: Percentage of Conditioned Avoidance Response (CAR) 

 

From the second week onwards, it was observed that the 

retention of CAR reduced over all the drug groups. The 

time taken by the Amlodipine group to avoid the foot-

shock was comparable to the control group. Another 

phenomenon that was observed was that the time taken 

for the Metoprolol group was more than that shown by 

the control, and this difference was statistically 

significant (table 2, Fig. 2) 

 
Table 2: Week 2 

Group no Drug Time to Avoidance (in seconds) Level of Significance % Retention of CAR Level of Significance 

1 Normal Saline 4.24 ± 0.095  76.67 ± 5.16  

2 Amlodipine 4.26± 0.103 Not significant 80 ± 8.94 Not significant 

3 Metoprolol 4.40± 0.093 * p<0.05 68.33 ± 7.53 Not significant 

 

 
Figure 4: Time taken to Avoidance (seconds; mean ± SD) 
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Figure 5: % CAR for Week 2 

 

A similar trend was observed through the third week, 

with the retention falling through all the groups. The time 

taken for avoidance by animals across all the treatment 

groups increased through this week of the study. The 

Amlodipine and the Metoprolol groups were not 

significantly different from the control group, in terms of 

retention of CAR, and time taken for avoidance.

 
Table 3: Week 3 

Group no Drug Time to Avoidance (in seconds) Level of Significance % Retention of CAR Level of Significance 

1 Normal Saline 4.35 ± 0.058  66.7 ± 8.17  

2 Amlodipine 4.29 ± 0.069 
[NS]

 p>0.05 66.7 ± 5.16 
[NS]

 p>0.05 

3 Metoprolol 4.40 ± 0.089 
[NS]

 p>0.05 58.3 ± 7.53 
[NS]

 p>0.05 
 

 
Figure 6: Time to Avoidance: Week 3 (seconds; mean ± SD) 

 

 
Figure 7: % CAR for Week 3 

At the end of the fourth week of dosing, the reduction in 

the retention of CAR was observed in all treatment 

groups. The Amlodipine group did not vary significantly 

from the control group. But, it was found that the 

Metoprolol group had retention of CAR which was lesser 

than the control group. This reduction, however, was not 

significant.
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Table 4: Week 4 

Group no Drug Time to Avoidance (in seconds) Level of Significance % Retention of CAR Level of Significance 

1 Normal Saline 4.39± 0.070  56.67± 8.17  

2 Amlodipine 4.38 ± 0.072 
[NS]

 p>0.05 56.67 ± 5.16 
[NS]

 p>0.05 

3 Metoprolol 4.46 ± 0.073 
[NS]

 p>0.05 46.67± 8.17 
[NS]

 p>0.05 

 

 
Figure 8: Time to Avoidance: Week4 (seconds; mean ± SD) 

 

 
Figure 9: % CAR for Week 4 

 

DISCUSSION 
Amlodipine is a long-acting calcium channel blocker 

dihydropyridine (DHP) class, which has therapeutic uses 

as an anti-hypertensive drug, and as an anti-anginal drug. 

It blocks the α-1 subunit of the L-type of voltage gated 

calcium channels, and thus stops the influx of Ca
2+

 ions. 
Studies evaluating the effect of Amlodipine on cognition 

are quite varied and conflicting. Bauer et al (2002) 

concluded that voltage gated Ca
2+

 channel blockade 

selectively impaired long-term memory formation. 

Woodside and colleagues (2004) took this work further, 

and systemically administered pharmacological 

antagonists to block voltage gated Ca
2+

 channels during 

training sessions and retention tests. Wistar rats injected 

with verapamil (10 mg/kg), acquired the task at the same 

rate as control animals, but were impaired on a 10-day 

retention test. Thus, it becomes clear that the voltage 

gated calcium channels are involved at different stages in 

the conversion of memory from short term to long term. 

Farragh and Herron (2003) administered Verapamil, 

Diltiazem and Nifedepine; and compared the effects of 

these antagonist drugs to an experimental compound 

BayK-8644, which is an L-type calcium channel agonist. 

They observed that whereas the antagonist drugs reduced 

the long term potentiation creating a negative impact on 

retention; the agonist drug did not cause prolongation 

either. However, works done by Quartermain and 

colleagues (1999 and 2000) provide a contrasting 
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viewpoint; they proved that young as well as older mice 

are able to retain and recall tasks better if treated 

regularly with Amlodipine. In our study, we found that 

Amlodipine had effects on cognition comparable to the 

control group. This could be attributable to the fact that in 

all of the above cases, the experiments were carried out 

ex vivo, and our experiment was in vivo. In addition, in 

the in vivo studies (Woodside et al 2004), impairment in 

cognition was induced by cerebral ischemia, which is 

known to cause disruption in the blood brain barrier 

(Germano AF and Tomasello F, 2011). This disruption 

allows passage of those molecules through the blood 

brain barrier, which would not have passed otherwise. 

Since we did not attempt to induce cognitive impairment 

by any method in our study, the blood brain barrier was 

not interfered with, and the passage of Amlodipine was 

not interfered with. Metoprolol is a β1-selective (cardio-

selective) competitive adrenergic receptor blocking agent. 

It has no intrinsic sympathomimetic activity, and 

membrane-stabilizing activity is detectable only at plasma 

concentrations much greater than required for β-blockade. 

Research on how the adrenergic system affects the 

cognitive process is relatively recent. An old cross-

sectional study (Kirk et al, 1988) was conducted on 

patients who were being treated with Atenolol, 

Metoprolol, Metoprolol (extended release) and 

Propranolol for various indications, and revealed that 

Metoprolol (extended release) caused maximum 

alterations in quality of sleep, dreams, concentration, 

memory and energy levels, and Atenolol caused the 

minimum. Thus, the more lipophilic the drug, the more 

disturbances it caused. The existence of a discrete β 

adrenergic system in the hypothalamus was established 

by Jurgens et al (2005). Rat brain slices were subjected to 

immunohistochemistry, and it was found that the 

hippocampal cell membrane, cytosol as well as nuclei 

region is rich in β-1 adrenoceptors. They found that 

Norepinephrine as well as Epinephrine caused repetitive 

firing of these neurones, which is the physiological basis 

for enhancement of memory induced by norepinephrine. 

Upon application of incremental doses of Atenolol and 

Metoprolol to this preparation, there was a dose-

dependent reduction in the rate of firing of these 

neurones. They concluded that the β-1 adrenoceptor 

blockers cause a dose-dependent impairment of memory 

(Jurgens et al, 2005). The works of Qu et al, Zhou et al, 

Toth et al propose that intense emotions, particularly fear, 

cause release of glucocorticoids, norepinephrine and 

epinephrine in high concentrations, which are responsible 

for causing modulations in the calcium channels, NMDA-

Rs and other cellular processes, which cause rapid and 

firm consolidation of a particular short term memory into 

clear vivid long term memories. O’Carroll et al (2006) 

demonstrated that the group of fear-conditioned rats and 

mice receiving epinephrine alone acquired the reflexes 

earlier than any other group, and also had the best 

retention of all the tasks. Groups receiving Metoprolol 

and Propranolol had poor performances, in terms of both 

acquisition and retention of the tasks. This study 

demonstrates the importance of epinephrine in 

consolidation of memory. Qu et al (2008) administered 

antagonists to all subtypes of β-adrenoceptors, viz., 

Metoprolol, Atenolol, Propranolol, Butoxamine and 

IC118551directly into the basolateral regions of the 

amygdala. 24 hours after this injection, all the animals 

showed a severe deficit in the auditory fear memory, 

suggesting that the β-1 receptors could have a role in 

consolidation of memories. The anterograde memory, 

however, was intact. Knockout mice (incapable of 

endogenous synthesis of Norepinephrine) were designed 

and studied to elucidate the effects of norepinephrine on 

memory (Toth et al, 2013). They showed normal 

acquisition of reflexes, but had poor recall, suggesting 

impaired long term potentiation. These mice exhibited a 

remarkably impaired response to fear conditioning and 

startle reactivity. This provides further evidence of 

norepinephrine being necessary for the presence of fear-

conditioned memories. Our study results concur with the 

studies performed before. Although the Metoprolol group 

acquired the conditioned avoidance response adequately, 

the animals could not retain that reflex. These animals not 

only took longer to respond to the auditory cue (the 

buzzer) for the foot-shock (as reflected by the longer time 

taken to avoidance), but also lost the reflex that had been 

learnt by them (as reflected by the dropping percentage of 

CAR), over all the four weeks of treatment.  
Strengths of the study 

1. Since anti-hypertensive drugs are required to be 

taken for prolonged periods of time, their effects 

on other functions attain particular importance. 

The effects on blood sugar and lipid levels, for 

instance, are well-established. The cognitive 

abilities of anti-hypertensive drugs get very little 

consideration before initiation of anti-

hypertensive therapy. We therefore decided to 

evaluate cognitive effect of these drugs, which 

could impact the prescribing pattern of anti-

hypertensive medications. 

2. We chose the Cook’s Pole Climbing apparatus 

for the evaluation, since it evaluates the 

conditioned avoidance response (CAR). CAR is 

a form of learning through negative 

reinforcement. In terms of learning, it reflects the 

declarative aspect of memory. This aspect is 

responsible for remembering facts, numbers and 

dates. 
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3. We have administered the drugs for a period of 4 

weeks, which is equivalent to a period of almost 

one and a half years in humans. (Sengupta, 2013)  

 
Limitations of the study 

1. We have not measured the blood pressure in our 

study groups. Therefore, we cannot make 

appropriate observations with regards to the 

influence of blood pressure on cognitive 

function. 

2. Other aspects of memory, e.g., the spatial 

memory (which is important for driving, sports 

etc.) were not evaluated.  

3. The avoidance response of the animal on the 

Cook’s pole climbing apparatus depends upon 

intact neuromuscular coordination. We have not 

evaluated the effects of any of the drugs with 

regards to their effects on neuromuscular 

coordination, and subsequent effects on their 

ability to jump up on the pole. Thus, this remains 

a potential confounding variable in our study. 

 

SUMMARY AND CONCLUSION 
Amlodipine had the same effect on cognition as Normal 

Saline. However, we found that Metoprolol caused a 

deleterious effect on retention of memories, and on the 

cognitive abilities. 
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