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Abstract 
Aim: The aim of the present study was to study effect of amlodipine, atenolol, enalapril and chlorothiazide on 
arterial blood pressure, heart rate and renal function tests. 
Methods: The study was carried out in the Department of Pharmacology. Total 160 patients with hypertension 
were included in the study. These patients were assigned to one of the 4 groups randomly. 4 There were 40 
patients in each group. Patient prescribed with tablet amlodipine 5mg or 10 mg was be considered as Group I, 
likewise, prescription of tablet atenolol 25 mg or 50 mg was be considered as group II, prescription of tablet 
enalapril 2.5 mg or 5 mg was considered as group III and prescription of tablet thiazide diuretics 12.5 mg or 25 
mg was be considered as group IV. 
Results: The effects of drugs on systolic blood pressure (mmHg) before & after were studied. Mean change in 
systolic blood pressure was analyzed by chi square test. It was statistically significant. Highest decrease in blood 
pressure was seen by Enalapril followed by thiazides, Atenolol & Amlodipine. The effects of drugs on diastolic 
blood pressure (mmHg) before & after were studied. Mean change in diastolic blood pressure was analyzed by 
chi square test. It was statistically significant. Highest decrease in blood pressure was seen by Atenolol followed 
by amlodipine, enalapril & thiazide. The effects of drugs on mean heart rate before & after were studied. Mean 
change in systolic blood pressure was analyzed by chi square test. It was statistically significant. Highest 
decrease in blood pressure was seen by Atenolol followed by enalapril, amlodipine & thiazides. 
Conclusion: Antihypertensives have effect on blood pressure, heart rate, renal functions. Patient’s renal 
function, heart rate should always be considered while prescribing antihypertensive drugs. 
Keywords: Antihypertensive Drugs, Cardiovascular Disease, Renal Functions, Hypertension, Therapeutic 
Goals. 
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Introduction 

Hypertension (HTN) – also known as high blood 
pressure (BP) – is a significant medical illness in 
which the arterial BP remains consistently high, 
with a systolic BP (SBP) of 140 mmHg or higher 
or a diastolic BP (DBP) of 90 mmHg or higher. [1] 
The World Health Organization has identified HTN 
as one of the most important risk factors for 
morbidity and mortality worldwide, with roughly 9 
million people dying each year. [2] Even though 
other risk factors play a role, poor diets, such as 
excessive salt consumption, a diet high in saturated 
fat and trans-fats, low intake of fruits and 
vegetables, physical inactivity, tobacco/alcohol use, 
and being overweight/obese, appear to be the most 
common contributing factor to HTN. Non-

modifiable risk factors include a family history of 
HTN, elderly age, and comorbidities such as 
diabetes or kidney disease. [3] According to recent 
analysis and observational research, people in 
Western countries have a higher prevalence of 
HTN and higher BP levels than those in other parts 
of the world, and this disparity is narrowing as non-
Westerners adapt to Western culture and lifestyle. 
[4] 

HTN continues to be the greatest cause of 
premature mortality, affecting roughly 1.13 billion 
people globally and accounting for nearly 45% of 
deaths due to heart disease, 51% of deaths due to 
stroke, and 85%-95% of patients with chronic 
kidney disease (CKD). [5] The overall prevalence 
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of HTN in India was 29.8% from 1950 to 2014, 
according to data, and a meta-analysis of prior 
Indian prevalence studies showed a considerable 
increase in the incidence of HTN from the 1960s to 
the mid-1990s. [6] HTN prevalence studies in 
urban and rural populations from the mid-1990s to 
the present show a growing trend, with a bigger 
increase in urban (33.8%) than rural (27.6%) 
populations. [6] 

Blood pressure is the force exerted by the blood 
against any unit area of the vessel wall. The 
systolic arterial pressure is the Maximum pressure 
in the arteries during systolic phase and diastolic 
pressure depends upon cardiac output and 
peripheral vascular resistance. It has long been 
recognized that mortality and morbidity increase as 
both systolic and diastolic blood pressure rise. This 
may lead to changes in heart rate. [7] Hypertensive 
cardiovascular diseases are a major public health 
challenge, representing 10% of the global burden of 
disease. The annual number of deaths caused by 
cardiovascular disease is expected to rise by more 
than 33% over the coming two or three decades. 
Hypertension is among the most important 
modifiable risk-factors for cardiovascular diseases. 
Antihypertensive drugs are available which can 
prevent, or postpone myocardial infarction and 
stroke. Several clinical trials and systematic 
reviews have addressed this issue, but have failed 
to convincingly show that one or more drug-classes 
are superior to the others. [8] 

The aim of the present study was to study effect of 
amlodipine, atenolol, enalapril and chlorothiazide 
on arterial blood pressure, heart rate and renal 
function tests. 

Materials and Methods 

The study was carried out in the Department of 
Pharmacology, Gouri Devi Institute of Medical 
Sciences and Hospital, Durgapur, West Bengal , 
India for one year. Total 160 patients with 
hypertension were included in the study. These 
patients were assigned to one of the 4 groups 
randomly. 4 There were 40 patients in each group. 

Patient prescribed with tablet amlodipine 5mg or 
10 mg was be considered as Group I, likewise, 
prescription of tablet atenolol 25 mg or 50 mg was 
be considered as group II, prescription of tablet 
enalapril 2.5 mg or 5 mg was considered as group 
III and prescription of tablet thiazide diuretics 12.5 
mg or 25 mg was be considered as group IV. 
(Table 1) 

Newly diagnosed hypertensive patient was selected 
from medicine outpatient department randomly. 
Their blood pressure and heart rate was recorded 
manually while doing selection for study. If blood 
pressure recorded is equal to or more than ≥ 
140/90, then only patient was included in the study. 
After that, these 100 patients was divided in 4 
groups I, II, III, IV. Each cohort contained 25 
patients having prescribed data of tab amlodipine, 
atenolol, enalapril and chlorothiazide respectively. 
After 1 month all patients was recalled for follow 
up. Their blood pressure and heart rate was 
recorded. Same procedure was repeated after 4 
months from selection of patients for study. Data 
was collected for analysis. Renal function test was 
done before and after the study. Analysis of data 
was done by calculating mean, standard deviation 
and p value. 

Inclusion Criteria 

1) All newly diagnosed hypertensive patients were 
included in study. 

2) At the time of screening their blood pressure 
should be equal to or more than 140/90 mmHg. 

Exclusion Criteria 

1) All patients having emergency condition like 
myocardial infarction, stroke was not included 
in study. 

2) All pregnant patients were excluded from 
study. 

3)  Patients with nephropathy were excluded from 
the study. 

4)  Patients who were not ready to give consent 
were excluded from study. 

 
Table 1: Treatment Groups 

Study medication Group I Group II Group III Group IV 
Medicine Amlodipine Atenolol Enalapril Thiazide 
Dose 5 mg or 10 mg 25 mg or 50 mg 2.5 mg or 5 mg 12.5 mg or 25 mg 
Dosage Once a day Once a day Once a day Once a day 

 
Statistical Analysis 

Intension to treat analysis (ITT) for safety data and 
per protocol analysis for efficacy data was 
performed. Mean SBP, DBP and mean BP were 
calculated as mean ± standard deviation (SD) and 
compared between the groups/baseline values using 
t-test. Fischer’s exact test was applied to observe if 

there was significant difference between responder 
rates and to observe if there were significant 
difference between proportions of subjects having 
peripheral edema not attributable to any 
concomitant drug. 

Results 
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Table 2: Comparison of effect of drugs on systolic blood pressure 
Groups Mean systolic blood pressure (mmHg) P-value 

Before (Mean + SD) After (Mean +SD) 
Group I Amlodipine 158.42+ 4.86 112.68+7.43 <0.05 
Group II Atenolol 170.65+22.48 114.26 +8.52 <0.05 
Group III Enalapril 202.52+3.62 126.64 +8.62 <0.05 
Group IV Thiazide 192.42+22.28 129.71 +12.28 <0.05 

 
The effects of drugs on systolic blood pressure (mmHg) before & after were studied. Mean change in systolic 
blood pressure was analyzed by chi square test. It was statistically significant. Highest decrease in blood 
pressure was seen by Enalapril followed by thiazides, Atenolol & Amlodipine. 
 

Table 3: Mean change in diastolic blood pressure before & after 
Groups Mean diastolic blood pressure (mmHg) P-value 

Before (Mean + SD) After (Mean +SD) 
Group I Amlodipine 112.58+14.26 88.64+7.43 <0.05 
Group II Atenolol 110.70+22.48 82.42 +8.52 <0.05 
Group III Enalapril 106.44 +24.66 90.68 +8.62 <0.05 
Group IV Thiazide 105.45 +22.28 88.60 +12.28 <0.05 

 
The effects of drugs on diastolic blood pressure (mmHg) before & after were studied. Mean change in diastolic 
blood pressure was analyzed by chi square test. It was statistically significant. Highest decrease in blood 
pressure was seen by Atenolol followed by amlodipine, enalapril & thiazide. 
 

Table 4: Comparison of effect of drugs on heart rate 
Groups Mean heart rate P-value 

Before (Mean + SD) After (Mean +SD) 
Group I Amlodipine 84.06 +14.28 74.66+7.40 <0.05 
Group II Atenolol 72.42+24.46 69.92+8.52 <0.05 
Group III Enalapril 84.96 +22.68 82.18 +8.72 <0.05 
Group IV Thiazide 82.68 + 24.26 76.04 +12.28 <0.05 

 
The effects of drugs on mean heart rate before & 
after were studied. Mean change in systolic blood 
pressure was analyzed by chi square test. It was 
statistically significant. Highest decrease in blood 
pressure was seen by Atenolol followed by 
enalapril, amlodipine & thiazides. 

Discussion 

Hypertension is a risk factor for cardiovascular 
disease – uncontrolled hypertension increases the 
relative risk from two to four times for coronary 
disease, stroke, heart failure, peripheral arterial 
disease, renal insufficiency, atrial fibrillation and 
dementia/cognitive impairment. Undoubtedly, 
poorly controlled hypertensive patients have an 
increased risk for cardiovascular complications. [9] 
Its prevalence continues to increase with age. 
Consequently, in subjects over 70 years, the 
prevalence of hypertension reaches 60–70%. [10] 
Before 1995, almost all randomized trial evidence 
on hypertension management related to diuretic 
agents and to a lesser extent bblockers. [11] 
However, newer drug classes were increasingly 
being used and have consequently been evaluated 
in major trials. Enthusiasm for any potential 
advantages of the newer agents (at least on 
surrogate end points) has been tempered in some 

situations by concerns over their increased cost. 
Despite the reality that the majority of hypertensive 
patients need at least two agents to reach currently 
recommended targets, until recently no trial data 
were available to compare the benefits of newer 
combinations of drugs with the standard most 
commonly used regimen of a β-blocker with a 
diuretic. 

The effects of drugs on systolic blood pressure 
(mmHg) before & after were studied. Mean change 
in systolic blood pressure was analyzed by chi 
square test. It was statistically significant. Highest 
decrease in blood pressure was seen by Enalapril 
followed by thiazides, Atenolol & Amlodipine. The 
effects of drugs on diastolic blood pressure 
(mmHg) before & after were studied. Mean change 
in diastolic blood pressure was analyzed by chi 
square test. It was statistically significant. Highest 
decrease in blood pressure was seen by Atenolol 
followed by amlodipine, enalapril & thiazide. In 
the study by Psaty BM et al [12] reported that for 
action on mean arterial pressure atenolol had 
significant effect. Our study corresponded to the 
study. Although the studies differ in terms of 
design, outcome measure and definition of 
adherence, they all suggest a healthy adherer or 
healthy user effect. The effects of drugs on mean 
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heart rate before & after were studied. Mean 
change in systolic blood pressure was analyzed by 
chi square test. It was statistically significant. 
Highest decrease in blood pressure was seen by 
Atenolol followed by enalapril, amlodipine & 
thiazides. 

A Cochrane review revealed the inferiority of first-
line β-blockers in prevention of death compared 
with CCBs and stroke compared with CCBs or 
renin-angiotensin system inhibitors for 
hypertension. [13] In another meta-analysis of 147 
randomized trials by Law et al [14] β-blockers 
were associated with an 18% higher risk for stroke 
compared with other antihypertensive drugs. In a 
meta-analysis of 123 studies that included 613 815 
people, β-blockers, mostly atenolol, were inferior 
to other antihypertensive drugs in reducing major 
cardiovascular events, stroke, and renal failure. 
[15] Globally, hypertension affects more than 1 
billion people and is projected to reach 1.56 billion 
by 2025. It is the leading cause of death and the 
second leading cause of lost disability adjusted life-
years worldwide. [16] Randomized controlled 
clinical trials have shown that control of 
hypertension reduces the risk of stroke, coronary 
artery disease, congestive heart failure, end-stage 
renal disease, peripheral vascular disease, and 
mortality. [12] The risk of developing these 
complications is continuous, starting at a blood 
pressure (BP) level as low as 115/75 mm Hg. [17] 

The limitation is that our interpretation of sub-
meta-analysis findings were based on our clinical 
judgement that assumed prescription of BBs could 
occur in patients with worse cardiovascular 
comorbidity. For instance, patients taking certain 
antihypertensives like BBs may not necessarily 
have a worse cardiovascular condition. Similarly, 
even though ACEIs are good choice of 
antihypertensives in patients without any 
comorbidity, they are also preferred drugs in those 
who had myocardial infarction or systolic 
dysfunction. [18] On the other hand, the strength of 
this meta-analysis is that we excluded studies that 
compared hypertensive patients who were taking 
RAAS inhibitors to those that were not taking any 
form of antihypertensive (e.g., on dietary 
management). This helped us to have comparable 
groups. [19] 

Beta-blockers (atenolol) were superior to all drug-
classes for all primary outcomes, and although the 
difference in many cases was non-significant and 
the quality of the evidence was mixed, this may be 
seen as evidence against opting for these drugs as 
the first choice. Beta-blockers and alpha-blockers 
were the only drug-classes that were not 
significantly superior to any drug, for any outcome, 
which could suggest not recommending these as 
first line medication. [20,21] When hypertensive 
patients do not achieve adequate control of their 

blood pressure, the options to try and achieve 
required treatment goals are to increase the dose of 
monotherapy (which increases the risk of side 
effects) or to use drug combinations with minimum 
side effects. In order to avoid complications, it is 
important to start treatment as soon as possible, 
achieve the goals in the shortest time possible and 
ensure treatment adherence. [22,23] 

Conclusion 

Hypertension is a global epidemic, yet many 
guidelines and pharmacologic options are available 
to prevent the morbidity and mortality associated 
with this disease. Although lifestyle modifications 
are frequently neglected, they should be started 
early and continued indefinitely. Antihypertensives 
have effect on blood pressure, heart rate, renal 
functions. Patient’s renal function, heart rate should 
always be considered while prescribing 
antihypertensive drugs. Effective communication 
between physicians, other healthcare professionals, 
and patients is paramount in the successful 
treatment of hypertension. 

References 

1. Carretero OA, Oparil S. Essential hypertensi-
on. Part I: definition and etiology. Circulation. 
2000 Jan 25;101(3):329-35. 

2. Prasad V, Schwerdtfeger U, El-Awa F, Bet-
tcher D, da Costa E Silva V. Closing the door 
on illicit tobacco trade, opens the way to better 
tobacco control. East Mediterr Health J. 2015 
Sep 8;21(6):379-80. 

3. Ibekwe R. Modifiable Risk factors of Hyper-
tension and Socio-demographic Profile in Og-
hara, Delta State; Prevalence and Correlates. 
Ann Med Health Sci Res. 2015 Jan -
Feb;5(1):71-7. 

4. Angeli F, Reboldi G, Verdecchia P. Moderni-
zation and hypertension: is the link changing? 
Hypertens Res. 2013 Aug;36(8):67 6-8. 

5. Bromfield S, Muntner P. High blood pressure: 
the leading global burden of disease risk factor 
and the need for worldwide prevention pro-
grams. Curr Hypertens Rep. 2013 
Jun;15(3):134-6. 

6. Saju MD, Allagh KP, Scaria L, Joseph S, 
Thiyagarajan JA. Prevalence, Awareness, 
Treatment, and Control of Hypertension and 
Its Associated Risk Factors: Results from 
Baseline Survey of SWADES Family Cohort 
Study. Int J Hypertens. 2020 Apr 13; 2020:496 
4835. 

7. Turnbull F. Blood Pressure Lowering Treat-
ment Trialists' Collaboration: Effects of differ-
ent blood-pressure-lowering regimens on ma-
jor cardiovascular events: results of prospec-
tively-designed overviews of randomised tri-
als. Lancet. 2003; 362:1527-35.  



International Journal of Toxicological and Pharmacological Research           e-ISSN: 0975-5160, p-ISSN: 2820-2651 

Rastogi et al.                                      International Journal of Toxicological and Pharmacological Research 

323 
 

8. Law MR, Morris JK, Wald N. Use of blood 
pressure lowering drugs in the prevention of 
cardiovascular disease: meta-analysis of 147 
randomised trials in the context of expectations 
from prospective epidemiological studies. Bmj 
.2009 May 19;338.  

9. Oparil S, Acelajado MC, Bakris GL, Berlowitz 
DR, Cífková R, Dominiczak AF, Grassi G, 
Jordan J, Poulter NR, Rodgers A, Whelton PK. 
Hypertension (Primer). Nature Reviews: Dis-
ease Primers. 2018;4(1):18014. 

10. Oliva RV, Bakris GL. Management of hyper-
tension in the elderly population. Journals of 
Gerontology Series A: Biomedical Sciences 
and Medical Sciences. 2012 Dec 1;67(12):134 
3-51.  

11. Collins R, Peto R, MacMahon S, Godwin J, 
Qizilbash N, Hebert P, Eberlein KA, Taylor 
JO, Hennekens CH, Fiebach NH. Blood pres-
sure, stroke, and coronary heart disease: part 2, 
short-term reductions in blood pressure: over-
view of randomised drug trials in their epide-
miological context. The Lancet. 1990 Apr 7;3 
35(8693):827-38. 

12. Psaty BM, Lumley T, Furberg CD, Schellen-
baum G, Pahor M, Alderman MH, Weiss NS. 
Health outcomes associated with various anti-
hypertensive therapies used as first-line agents: 
a network meta-analysis. Jama. 2003 May 21; 
289(19):2534-44. 

13. Wiysonge CS, Bradley HA, Volmink J, May-
osi BM, Opie LH. Beta-blockers for hyperten-
sion. Cochrane database of systematic reviews. 
2017(1). 

14. Law MR, Morris JK, Wald N. Use of blood 
pressure lowering drugs in the prevention of 
cardiovascular disease: meta-analysis of 147 
randomised trials in the context of expectations 
from prospective epidemiological studies. 
Bmj. 2009 May 19;338. 

15. Ettehad D, Emdin CA, Kiran A, Anderson SG, 
Callender T, Emberson J, Chalmers J, Rodgers 
A, Rahimi K. Blood pressure lowering for pre-

vention of cardiovascular disease and death: a 
systematic review and meta-analysis. The Lan-
cet. 2016 Mar 5;387(10022):957-67. 

16. Alcocer L, Cueto L. Hypertension, a health 
economics perspective. Therapeutic advances 
in cardiovascular disease. 2008 Jun;2(3):147-
55. 

17. Lewington S. Prospective studies collabora-
tion. Age-specific relevance of usual blood 
pressure to vascular mortality: a meta-analysis 
of individual data for one million adults in 61 
prospective studies. Lancet. 2002;360:1903-13  

18. Hong BK, Park CG, Kim KS, Yoon MH, Yoon 
HJ, Yoon JH, Yang JY, Choi YJ, Cho SY. 
Comparison of the efficacy and safety of fixed-
dose amlodipine/losartan and losartan in hy-
pertensive patients inadequately controlled 
with losartan. American Journal of Cardiovas-
cular Drugs. 2012 Jun;12(3):189-95. 

19. Lindgren P, Buxton M, Kahan T, Poulter NR, 
Dahlöf B, Sever PS, Wedel H, Jönsson B, AS-
COT Trial Investigators. Economic evaluation 
of ASCOT-BPLA: antihypertensive treatment 
with an amlodipine-based regimen is cost ef-
fective compared with an atenolol-based regi-
men. Heart. 2008 Feb 1;94(2):e4-. 

20. J-ELAN study (effect of losartan and amlodi-
pine on left ventricular diastolic function in pa-
tients with mild-to-moderate hyperten-
sion).Yamamoto K, Hori M. Nihon Rinsho. 
2007 Apr 28;65 Suppl 4:513-5.PMID: 175111 
01 

21. Messerli FH. Vasodilatory edema: a common 
side effect of antihypertensive therapy. Ameri-
can journal of hypertension. 2001 Sep 1;14(9): 
978-9. 

22. Oparil S, Weber MA. Hypertension: a com-
panion to Brenner & Rector's The kidney. 200 
0. 

23. Volpe M, Gallo G, Tocci G. Is early and fast 
blood pressure control important in hyperten-
sion management? International Journal of 
Cardiology. 2018 Mar 1; 254:328-32. 

 
 
 
 


