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Abstract 

The present study was employed to investigate the biochemical effects of Propranolol or Atenolol 

adminstration as non-selective or selective beta-blockers, respectivly on thyroid functions and lipid metabolism. 

Forty male albino rats were assigned into two groups (the first group contained 10 rats fed on normal diet while 

the second group contained 30 rats used for induction of hyperlipidemia. Then the second group was divided into 

3 sub groups (each of 10 rats). Sub group 1: act as positive control hyperlpidemic rats, sub group  2: 

adminstrated propranolol orally while sub group 3: adminstrated atenolol orally. Then blood samples were 

collected after 3 and 5 weeks from the drugs adminstration. Serum was collected for estimation of 

Triiodothyronine (T3), Tetraiodothyronine (T4), Thyroid Stimulating Hormone (TSH), Total Cholesterol, High 

Density Lipoprotein Cholesterol (HDL-C), Low Density Lipoprotein-Cholesterol (LDL-C), Very Low Density 

Lipoprotein-Cholesterol (VLDL), Triacyclglycerols (TAG), Phospholipids, Leptin, Lipoprotein lipase (LPL), 

Lactate dehydrogenase (LDH), Creatine Kinase (CK) and Creatine Kinase-MP (CK-MP) as isoenzyme, Calcium 

and phosphorous. The obtained results revealed that, propranolol has more biochemical effect in significant 

decreasing (T3) than atenolol with non-significant decrease in serum (T4), both of propranolol and atenolol has 

no effects on TSH, cholesterol. Both of propranolol and atenolol has the same effects in significant decreasing 

HDL and lipase activity. Propranolol has more biochemical effect in significant increasing TAG, VLDL, 

phospholipids, LDH than Atenolol. Both of propranolol and atenolol has the same effect in significant increasing 

serum leptin.      
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1. Introduction  

Nowadays, the blood pressure plays an effective 

role in our medical life, Hypertension or 

hypotension causes coma which continuously cause 

death, one from four adults suffer from high blood 

pressure, putting them at serious risk of heart 

failure, stroke, blindness, and premature death [9]. 

The most important cause of blood pressure 

disturbance is hyperlipidemia which well known to 

affect the development of atherosclerosis; 

accumulation of lipids in the arterial wall plays a 

crucial role in the genesis of atherosclerosis by 

impairing endothelial function [18]. Doctors stile 

prescribe beta-blockers non-cardioselective as 

propranolol or cardioselective as atenolol for 

patients with tachycardia (rapid heart rates), to help 

patients with angina by lowering the amount of 

oxygen that heart muscles require. Several studies 

showed the mechanism of antihypertensive effects 

of beta adrenoceptore antagonist depending on the 

oxygen domain and up take by heart tissues [23]. 

The most common underlying form of thyroid 

disease associated with thyrotoxic periodic 

paralysis (TPP) is Graves' disease, a syndrome due 

to an autoimmune reaction that leads to 

overproduction of thyroid hormones. [16] showed 

the mechanism of TPP and the role of beta-blockers 

in treatment of the muscle weakness and increased 

risk of irregular heart beat in TPP. Beta-blockers 

are described also for patients with tachycardia. 

[32] reported that during the 1970s to the mid-

1990s, numerous studies were performed with 

results advocating the use of beta-blockers, in 

particular propranolol, alone or in combination with 

iodine in the perioperative treatment and 

stabilization of the thyrotoxic patient. This regime 

can safely provide rapid control of the peripheral 

manifestations of hyperthyroidism, producing a 

clinically euthyroid patient in a relatively short 

period. 

 

2. Materials and methods 

Forty white male albino rats of 8-10 weeks old 

and 150-180 g. body weight were housed in 

separated metal cages and kept in constant 

environmental conditions throughout the period of 

the experiment. Animals were fed on a constant 

ration and water was supplied ad libitum. Rats were 

assigned into two groups (the first group contained 

10 rats which were fed on a normal diet while the 

second group contained 30 rats used for induction 

of hyperlipidemia.    

 

2.1 Induction of hyperlipidemia 

 Hyperlipidemia was induced by feeding 30 rats 

on lipid rich diet (93 g. of normal ration + 1 gm. 

Cholesterol with + 1 g. Cholic powder + 5 g. butter) 

for 60 days. After 60 days, estimation of serum 

triacylglycerol and cholesterol showed 

hyperlipidemia.  
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2.2 Preparation of propranolol and atenolol 

doses 

The dose was chosen to be within the 

therapeutic range levels reported in the pamphlet 

that indicated that, the limited dose for human 

equals 360 mg/kg/day, but for rats it equals; 360 x 

0.018 = 6.48 mg/kg/day. The medium weight of 

rats was 190 g. so, the required dose for each one 

was; (190 x 6.48) / 1000 = 1.23 mg/day. One tablet 

of Inderal 40 mg was dissolved in 10 ml of distilled 

water to give a solution each 1 ml contains 4 mg so 

the dose of each rat was (1.23/4 = 0.308 ml) once 

daily using stomach tube for administration. One 

tablet of Tenormin 100 mg obtained from Cairo 

company for medicine industries was dissolved in 

10 ml of distilled water to give a solution each 1 ml 

contains 10 mg so the dose of each rat was (1.23/10 

= 0.123 ml) once daily using stomach tube for 

administration [21]. 

 

2.3 Experimental design  

Animals were assigned into two groups, 

Group I (normal rats):   10 rats were fed on a 

normal ration.                                              

Group II (Hyperlipidemic group): 30 rats were 

fed on lipid rich ration for 60 day after examining 

the lipid profile this group was allocated into 3 

subgroups; each one contained 10 rats.                                                                                                            

A.  Control hyperlipidemic subgroup (1): rats 

act as control positive.                                                                                

B. Hyperlipidemic propranolol subgroup (2);   

rats were administrated nonselective beta-blocker 

(0.308 ml propranolol solution once daily using a 

stomach tube). 

C. Hyperlipidemic atenolol subgroup (3): rats 

were administrated atenolol as selective beta-

blocker (0.123 ml atenolol solution once daily using 

a stomach tube). 

 

2.4 Sampling 

Blood samples were collected from the retro-

orbital venous plexus after 3 and 5 weeks from the 

drugs administration. Every sample was collected 

in dry and clean tube without anticoagulant then 

centrifuged at 3000 rpm for 10 minutes to separate 

the serum. The clear serum samples were aspirated 

carefully by Pasteur pipettes and transferred into 

dry, clean and sterile labeled tubes for processing 

the following biochemical analysis: Serum total 

(T3) was determined according to the method 

described by [35]. Serum total (T4) was determined 

according to the method described by [36] and 

Thyroid Stimulating Hormone (TSH) was 

determined according to the method described by 

[29] using RIA kits, Total cholesterol was 

determined enzymatically according to [34], High 

density lipoprotein cholesterol (HDL-C) was 

determined by enzymatic method according to [17], 

Low density lipoprotein cholesterol (LDL-C) can 

be calculated using the formula described by [7], 

Very low density lipoproteins (VLDL) can be 

calculated using the formula described by [2], 

Triacyclglycerols (TAG) was determined according 

to [8], Lipoprotein lipase (LPL) was determined 

according to [15], Phospholipids were determined 

according to [22], Leptin was estimated by enzyme 

linked immunosorbent assay (ELIZA) kits, Lactate 

dehydrogenase (LDH) was determined according to 

[27], Creatine kinase (CK) was determined 

according to the method described by [40], Creatine 

kinase- MP (CK-MP) was determined according  to 

the method of [33], serum calcium level was 

determined according to [10], serum inorganic 

phosphorous level according to the method 

described by [39]. 

 

2.5 Statistical analysis  

The Statistical analysis was carried out using 

ANOVA with two factors under significance level 

of 0.05 for the whole results using SPSS ver. 19. 

Data were treated as complete randomization 

design according to [30]. Multiple comparisons 

were carried out applying LSD. 

 

3. Results 
The obtained data in table 1 and 2 revealed that, 

administration of propranolol or atenolol to 

hyperlipidemic rats resulted in a significant 

decrease in serum (T3), serum (HDL-C), serum 

lipase concentration after 3 and 5 weeks in 

comparison with hyperlipidemic control group. 

Administration of   atenolol   in hyperlipidemic rats 

resulted in a significant decreasing in serum 

calcium level, while administration of propranolol 

in hyperlipidemic rats resulted in a non-significant 

decreasing in serum calcium level. 

Hyperlipidemic propranolol rats showed a 

significant decrease in serum (CK-MB) activity 

after 3 and 5 weeks while hyperlipidemic atenolol 

rats showed a non-significant decrease in serum 

(CK-MB) concentration after 3 weeks in 

comparison with hyperlipidemic control group, but 

after 5 weeks showed a significant decrease when 

compared with hyperlipidemic control group.  

        Hyperlipidemic propranolol and 

hyperlipidemic atenolol groups showed a non-

significant effect in serum (T4), (TSH), cholesterol, 

(LDL-C) after 3 and 5 weeks from the start of 

administration in comparison to hyperlipidemic 

control group.  

        Administration of propranolol or atenolol in 

hyperlipidemic rats showed a significant increase in 

serum (VLDL), serum (TAG), serum 

phospholipids, serum leptin and serum inorganic 

phosphorous level when compared with 

hyperlipidemic control group during all the periods 

of experiment. Hyperlipidemic propranolol group 

showed a significant increase in serum (LDH) 

concentration when compared with hyperlipidemic 

atenolol group during all the periods of experiment. 
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4. Discussion  

The obtained results showed in table 1 and 2 

revealed that, propranolol and atenolol produced 

significant decreases in serum (T3) concentration in 

hyperlipidemic rats with euthyroid state. At the end 

of experiment (5
th

 week) propranolol significantly 

(at p<0.05) decreased the mean serum (T3) 

concentration in the third group by 12.5%, while 

atenolol significantly (at p<0.05) decreased the 

mean serum (T3) concentration in the fourth group 

by 8.8%, whereas, we found that the administration 

of hyperlipidemic rats with propranolol or atenolol 

resulted in non-significant (at p<0.05) decrease in 

serum (T4) concentration after 3 and 5 weeks of 

administration also, our results referred to non-

significant change in serum (TSH) concentration in 

this tow hyperlipidemic rats groups this was 

statistically non-significant (at p<0.05). These 

results were in agreement with [19] who reported 

that, propranolol and atenolol drugs do not act like 

anti-thyroid drugs by reducing thyroid hormone 

secretion. However, it has been documented by the 

results that the non-selective β blocker propranolol 

can decrease the level of triiodothyronine (T3) 

without affecting thyroxine (T4) level. This effect 

appears to be through the inhibition of 5’-

monodeiodinase, a microsomal enzyme responsible 

for the peripheral conversion of (T4) to (T3). [6] 

Proved that, propranolol is the most commonly 

used beta-blocker to treat thyrotoxicosis where it 

produces a rise in rT3 (resistant of triiodothyronine) 

and has been the mainstay beta-blocker therapy to 

prepare thyrotoxic patients for surgery. [24] 

indicated that atenolol is as effective as propranolol 

in reducing serum total (T3) concentration due to 

increasing the resistant (T3) in thyrotoxic rats.  

Administration of propranolol or atenolol 

produced undesirable effect on lipid profile, the 

obtained results were in agreement with [1] who 

studied the effects atenolol on hypertensive patients 

and found that there is no significant change in total 

cholesterol (TC) and HDL-c is significantly 

lowered in patients treated with atenolol in 

comparison with hyperlipidemic control group, the 

supposed explanation for this effect was introduced 

by  [11]who stated that the decrease in serum HDL-

c might be accounted to be due to the inhibitory 

effect of β- blockers on lipoprotein lipase. The level 

of total lipids was significantly higher in Atenolol 

using rats due to increasing triglycerides and 

decreasing the level of lipase enzyme under the 

effect of beta-blockers. This result is in agreement 

with the result obtained by other authors who found 

that atenolol causes a significant increase in total 

cholesterol / HDL-c ratio ( i.e. AI) [3], that might 

be explained by the significant change in serum 

HDL-c level by atenolol in the present study. The 

comparison of serum triglycerides level in patient's 

group using atenolol with the control group shows 

that there is a significant increase in serum 

triglycerides level in those using atenolol. This 

result is in agreement with that result of other 

authors where they found that atenolol causes 

hypertriglyceridemia [1]. The obtained results were 

in disagreement with [4] who showed that beta 

blockers did not adversely influence total 

cholesterol, HDL cholesterol, or LDL cholesterol, 

beta blockers had no undesirable effects on total 

cholesterol, HDL cholesterol, LDL cholesterol and 

triglycerides in 42 patients studied over 10 months, 

The study with a follow-up of three years that 

bisoprolol did not adversely affect HDL cholesterol 

or triglycerides, while propranolol and atenolol 

both deteriorated these lipid parameters. 

The obtained data in table (1,2) showed that a 

significant decrease in lipase enzyme of rats which 

are treated with atenolol all over the experiment and 

this agreement with [14] recorded that, In rats fed a 

normal lab chow, propranolol decreased heart 

lipoprotein lipase activity. This effect was not 

statistically significant when compared with no 

treated controls; there were no significant effects on 

adipose tissue lipoprotein lipase activity or hepatic 

lipase activity. In rats fed a cholesterol-enriched 

diet there were similar but smaller effects on heart 

lipoprotein lipase activity. Our results are in 

disagreement with [28] where they found that the 

long administration of atenolol with low dose 

decreasing the serum lipase on contrary short 

administration of atenolol with high dose gives high 

level of lipase, but we found that long 

administration of atenolol decreasing the lipase 

level with reference to hyperlipidemic state of our 

research objectives.  

The effect of beta blockers on phospholipids 

was studied by [38] who reported that, the beta 

blocking ocular hypotensive drugs, propranolol and 

atenolol, produced varying effects on 32P 

incorporation into phospholipids of iris and ciliary 

process. Propranolol stimulated 32Pi-labelling into 

phosphatidylinositol 4', 5' bisphosphate (PIP2), 

phosphatidylinositol 4' phosphate (PIP), PI and PA., 

whereas atenolol, had no significant effect on 32Pi-

labelling of phospholipids. 

       The obtained data revealed a significant 

increase in serum liptin concentration of rats fed on 

high fat diet all over the period of experiment, 

compared to the normal rats that received basal 

diet. Our results are in agreement with [20] Stated 

that, leptin is at least in part controlled neuronally 

because anesthesia decreased serum leptin and 

blocked its response to LPS (Lipopolysaccharide). 

The findings that propranolol increased serum 

leptin concentrations suggest that leptin release is 

inhibited by the sympathetic nervous system. 

Propranolol produced a significant increase in 

serum leptin but had no effect on the response to 

LPS. [37] indicated the increase of the leptin 

receptor level in the hypothalamus by propranolol, 

indicating an enhanced leptin signaling in the brain. 
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Thus, propranolol controls the leptin signaling in 

two distinct directions.  

There is a significant decrease in serum creatine 

kinase concentration in hyperlipidemic propranolol 

and atenolol groups, these results are in agreement 

with [26] who reported that the beneficial effect of 

beta-blockers did not seem to be mediated by the 

prevention of CK-MB elevation, because a 

statistically significant decrease benefit was 

observed only in patients with normal CK-MB 

values. Beta-blockade decreases oxygen demand by 

preventing increases in heart rate and blood 

pressure. Our results were in contrast with [13] 

recorded that, increased serum levels of CK-MB in 

hypertensive patients taking atenolol are directly 

proportional to the duration of the atenolol usage. 

Long exposure of cardiac muscle to atenolol leads 

to escape of CK-MB to circulation, this may be due 

to cardiac muscle which becomes fatigue with 

prolonged exposure to atenolol causing it unable to 

contract efficiently and ending with failure.  

The results are in agreement with [25] 

investigated that group treated with atenolol 

showed non-significant increase in serum LDH 

level compared to normal group. The effect of 

atenolol could be due to its β-blocking effect, which 

prevents membrane damage by reducing the cardiac 

workload. [12]. Investigated that serum LDH 

activities were found to be increased in diabetic 

rats, possibly due to myocardial dysfunction 

because it has been previously reported that serum 

LDH activities were found to be increased in 

cardiomyopathy. Serum LDH levels were also 

reported to increase in diabetic patients, and may 

serve as a marker for cardiovascular risk and 

cardiac muscular damage. In the present study, 

there was a significant decrease in serum LDH 

levels observed with treatment of atenolol, 

carvedilol and nebivolol indicating good 

cardioprotection.  

For showing the explanation of beta-blockers 

effect on serum calcium and phosphorous levels 

there was a study for [31] recorded that 

concentration of sodium, potassium, calcium and 

magnesium was increased in serum after atenolol 

treatment. Occur by suppression in renin release. It 

is suggested that renin release is suppressed by 

small doses of all beta blockers. The fall in blood 

pressure in response to beta blocker therapy may be 

related directly to changes in plasma renin activity 

and thus increased serum potassium. The decreased 

tissue sodium also decreases the calcium influx 

through Na-Ca-exchange mechanism and thus 

caused the decreased intracellular calcium content. 

The decreased intracellular calcium results in a 

vasorelaxant action and lowering the blood 

pressure. The obtained results did not agree with [5] 

stated that significant elevation in serum in organic 

phosphate occurred during nadolol treatment and a 

similar elevation has previously been reported 

during treatment of hyperthyroid patients with 

propranolol and metoprolol, this means that 

propranolol, practolol or metoprolol induce the 

change in serum calcium level in thyrotoxic 

patients . 

 

5. Conclusion  

From these results we concluded that, these 

drugs are recommended for hypertensive patients 

with thyrotoxicosis or cardiovascular diseases but 

they have some undesirable effects on the 

metabolism of lipids.  
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Table (1)  Biochemical effect of propranolol and atenolol administration after 3 weeks.  

Animal 

group 

parameters 

T3        

ng/ml 

T4        

ng/ml 

TSH 

uIU/m

l 

cholester

ol mg/dl 

HDL-

C 

mg/dl 

LDL-

C  

mg/dl 

VLDL  

mg/dl 

TAG  

mg/dl 

LPL     

mg/dl 

Phospholipi

ds mg/dl 

Liptin  

mg/dl 

LDH  

mg/dl 

CK    

U/L 

CK-

MB  

ng/mL 

Calciu

m  

mg/dl 

Phosphor

us mg/dl 

Normal rats 1.36 

±0.02a

A 

96.87 

±4.00a

A 

0.33 

±0.02a

A 

119.70 

±2.63aA 

36.73 

±5.91a

A 

71.17 

±1.30a

A 

14.50 

±0.56a

A 

67.33 

±2.67a

A 

35.50 

±0.43a

A 

167.33 

±1.69aA 

10.23 

±0.75a

A 

225.50 

±3.40a

A 

45.73 

±3.57a

A 

12.28 

±0.73a

A 

2.49 

±0.10a

A 

2.67 

±0.12aA 

Hyperlipide

mic control 

1.36 

±0.03a

A 

97.33 

±2.47a

A 

0.33 

±0.03a

A 

143.83 

±2.55bA 

28.50 

±0.43b

B 

104.50 

±2.03b

A 

33.80 

±0.68b

A 

169.67 

±1.63b

A 

28.50 

±0.56b

B 

360.83 

±2.69bA 

19.87 

±1.45b

A 

231.17 

±4.04a

A 

46.92 

±4.39a

A 

11.97 

±0.86a

A 

2.47 

±0.14a

A 

2.61 

±0.09aA 

Hyperlipide

mic 

propranolol 

1.24 

±0.01b

A 

96.17 

±2.09a

A 

0.32 

±0.02a

A 

140.83 

±2.23bA 

24.33 

±0.42c

B 

107.83 

±2.83b

A 

38.17 

±0.48c

A 

179.83 

±1.45d

A 

26.33 

±0.61c

B 

398.67 

±3.21cA 

25.80 

±0.85c

A 

261.83 

±5.13c

A 

35.85 

±3.31b

A 

10.32 

±0.59b

A 

2.39 

±0.14a

A 

2.76 

±0.13bA 

Hyperlipide

mic atenolol 

1.27 

±0.01b

A 

93.90 

±3.17a

A 

0.32 

±0.02a

A 

141.67 

±2.19bA 

24.00 

±0.37c

B 

107.50 

±2.03b

A 

37.67 

±0.33c

A 

177.33 

±1.38c

A 

25.93 

±0.61c

B 

396.17 

±2.47cA 

26.23 

±1.42c

A 

242.17 

±5.74b

A 

34.37 

±3.30b

A 

11.17 

±0.99ab

B 

2.21 

±0.11b

A 

2.87 

±0.09bA 

SE:  Standard error, a, b & c: There is no significant difference (P> 0.05) between any two means, within the same column have the same superscript letter. A, B & C: There 

is no significant difference (P> 0.05) between any two means, within the same row have the same superscript letter. 

 

Table (2) The biochemical effect of propranolol and atenolol administration after 5 weeks 

Animal 

group 

parameters 

T3     

ng/ml 

T4      

g/ml 

TSH 

uIU/ml 

cholester

ol mg/dl 

HDL-

C  

mg/dl 

LDL-

C  

mg/dl 

VLDL  

mg/dl 

TAG  

mg/dl 

LPL     

mg/dl 

Phospholipi

ds mg/dl 

Liptin  

mg/dl 

LDH  

mg/dl 

CK       

U/L 

CK-

MB  

ng/mL 

Calciu

m  

mg/dl 

Phosp

h-orus 

mg/dl 

Normal rats 1.35  

±0.03a

A 

97.17 

±3.69a

A 

0.32 

±0.02a

A 

120.83 

±4.29aA 

36.73 

±5.91a

A 

72.67 

±1.76a

A 

14.17 

±0.87a

A 

68.50 

±2.42a

A 

35.17 

±0.48a

A 

168.83 

±2.60aA 

9.62 

±0.58a

A 

228.50 

±7.07a

A 

46.52 

±3.91a

A 

12.42 

±0.80a

A 

2.47 

±0.13a

A 

2.65 

±0.09a

A 

Hyperlipidem

ic control 

1.36  

±0.02a

A 

97.50 

±4.89a

A 

0.34 

±0.02a

A 

148.17 

±2.15bB 

28.50 

±0.43b

B 

112.83 

±1.85b

B 

34.90 

±0.72b

B 

177.33 

±1.28b

B 

27.00 

±0.37b

A 

378.67 

±2.01bB 

21.57 

±1.30b

A 

235.50 

±4.45a

A 

46.77 

±3.83a

A 

12.07 

±0.70a

A 

2.48 

±0.11a

A 

2.59 

±0.13a

A 

Hyperlipidem

ic 

propranolol 

1.19  

±0.01c

B 

95.20 

±2.85a

A 

0.32 

±0.02a

A 

147.33 

±1.61bB 

24.33 

±0.42c

B 

116.50 

±2.39b

B 

40.50 

±0.85c

B 

190.83 

±1.08d

B 

25.33 

±0.67c

A 

418.67 

±2.97cB 

28.42 

±1.49c

B 

275.00 

±5.70c

A 

31.25 

±1.73b

A 

9.77 

±0.77b

A 

2.34 

±0.14a

A 

2.83 

±0.06b

A 

Hyperlipidem

ic atenolol 

1.24  

±0.01b

A 

92.67 

±3.01a

A 

0.33 

±0.02a

A 

146.50 

±1.71bB 

24.00 

±0.37c

B 

115.33 

±2.35b

B 

39.50 

±0.85c

B 

186.33 

±1.36c

B 

24.67 

±0.88c

A 

413.50 

±4.01cB 

28.67 

±1.53c

B 

251.83 

±5.45b

A 

31.02 

±1.97b

A 

9.97 

±0.82b

A 

2.03 

±0.15b

B 

2.94 

±0.09b

A 
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