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     Atenolol is used with or without other medications to help patients with hypertension (high 
blood pressure) by reducing their blood pressure. High blood pressure causes heart attacks, 
strokes, and kidney failure. Moreover, atenolol is also utilized to treat chest pain and to help 
patients to stay survival after they have a heart attack. It’s chemical structure sometimes 
called a benzene acetamide. It is known as a cardio-selective drug and beta1-selective 
medication too. Scientists have proven in long term investigations for five years that oral 
administration of atenolol has no effect on hemodynamic. In addition to its role in the medical 
field, may also introduce several industrial fields, such as water treatment, and also 
complications with transitional metals. 
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1. ATENOLOL 
Atenolol is a cardio-selective medication and known 

beta1-selective medication as well. It is also available as the 
brand-name drug Tenormin. This is mean atenolol applies 
smaller blocking activity on beta2 ones in lung rather than on 
myocardial beta1-receptors. Moreover, the bronchial system is 
kept open by beta2 receptors. When the receptors are jammed 
spasm of bronchial can happen and sever lack of oxygen in the 
body blood can be demonstrated. Hence atenolol is a very 
selective cardio medication; it can decrease the risk of 
bronchospastic reactions when utilizing [1]. 
 

2. STRUCTURE 
Atenolol chemical structure might be known as a benzene 

acetamide, [1-p- carbamoyl methyl phenoxy-3 
isopropylamino-2-propanol]. The molecular and structural 
formula of atenolol is C14H22N2O3 and the molecular weight 
is 266.34 as shown Figure 1. Atenolol is relatively soluble in 
water (26.5 mg/mL) at room temperature and it is considered a 
polar hydrophilic molecule. Atenolol as a lipid insoluble 
molecule is excreted by kidneys and has little brain 
penetration. 
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        C14H22N2O3 
        M.W. 266.34 
Fig:1: The molecular and structural formula of atenolol [2]. 
 

3. APPROACH OF ATENOLOL SYNTHESIS  
Atenolol is synthesized from butyl-p-

hydroxyphenylacetate that is easily gained from an 
esterification of p-hydroxyphenylacetacidand 1-butanol. The 
condensation reaction of butyl-p-hydroxyphenylacetate and 
chloroepoxide using pyridine as a catalyst resulting of mixture 
70% target intermediate product and 30% of by-product 1-[p-
[(butoxycarbonyl)methyl]-phenoxy]-2,3-epoxypropane then 
HCl is added to convert all 30% of by-product to the target 
intermediate product. Due to existence of chiral atom in 
intermediate molecule 1-[p-[(butoxy-carbonyl) methyl]-
phenoxy]-3-chloro-propan-2-ol the racemic mixture is formed. 
The crude product is purified by recrystallization in ethyl 
acetate to obtain atenolol pure racemate in 95% yield. 
 

4. INDICATIONS AND CLINICAL USE [3,4]: 
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• reducing high blood pressure (hypertension) 
• decreasing chest pain (angina) 
•  decreasing the work on the patient heart muscle to push 

blood through the patient body, after a heart attack 
5. THE BIOLOGICAL PROCESS [5, 6]. 

Atenolol is a 2nd b-block generation and it considers a 
b1selective antagonist. Thus the selectivity is not complete 
and at bigger doses it inhibits b-2 adrenoceptors chiefly 
positioned in vascular musculature and bronchial hence the 
most medication influences of atenolol are on the 
cardiovascular system as shown in Table 1. When simulation 
of b-receptors is little the negative influences of ionotropic 
and chronotropic are small. Atenolol reduces the predictable 
increase in heart rate or myocardial contractility when 
sympathetic nervous system is activated such as during 
exercise or stress. The exercise prompts the cardiac output 
(CO) lower influenced due to a rise in stroke volume. It 
reduces the influences of catecholamine on elements of 
myocardial oxygen consumption such as heart rate and 
contractility. The entire peripheral resistance which has been 
reported by researchers is affected by period concentration, 
decreasing heart rate, blood pressure and cardiac index. It has 
demonstrated in some studies [7] that oral taking of atenolol in 
chronic way either increases the vascular resistance by 5% or 
have no effects. Researchers have demonstrated in long term 
investigations that oral administration of atenolol has no 
influence on hemodynamic after five years of therapy [8]. 
 
Table 1: Atenolol cardiac influences 

1.Negative Chronotropic reducing the heart rate 
2.Negative dromotropic reducing the conduction 
3.Negative inotropic reducing contractility 
4.Anti arrhythmic  
5.Anti ischemic  

 

 
Fig:2: Schematic chart of elimination routes [2]. 
 

6. THE ATENOLOL SELECTIVITY 

Atenolol has a great selectivity and affinity for β1-
adrenoreceptors and this is because of different interactions 
between aryloxypropanolamine-group and several of amino 
acid for the rest of proteins [9]. One of the most significant 
factors stabilized the influence of atenolol to sort linking to 
the receptor energetically useful is the ionic interaction 
between the negatively charged aspartic acid 113 and 
hydrogen atom of the protonated amine functional group as 
shown in Figure 3. It has also demonstrated the existence of 
hydrogen bonding between the asparagine 293 and the 
hydroxyl group of atenolol. Recently, it was showed that there 
is an interaction between the aryl of atenolol and 
phenylalanine 290 and tryptophan 286 like a π-π interaction 
sandwich. 

 
Fig:3: Interactions of atenolol functional groups with the 
receptor [10]. 
 
7.SOME SIDE EFFECTS OF ATENOLOL UTLIZING 
[11]. 
Below is the most common atenolol side influences on 
patients.  

• Reduce the temperature for hands and feet 
• Struggle in emptying the bowels, commonly 

associated with hardened feces (Constipation) 
• dizziness 
• headache 
• breath smallness 
• unexplained exhaustion 
• leg pain 
• reducing the blood pressure less than usual. 

 
8. INDUSTRIAL APPLICATION 
8.1. TREATMENT OF WATER [12]: 

Atenolol has industrial applications where it has been 
utilized with water purification as shown in Figure 4. 
Treatment of water can be significantly improved by 
transformation of atenolol using chlorine and UV light (254 
nm) then photo-cleavage of N–Cl bond to form a free radical, 
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as most of micro-pollutants have secondary amine units. This 
research includes the study of kinetic transformation 
mechanism of atenolol amines with chlorine in the presence of 
UV light [13]. 

 
Fig: 4: Transformation of atenolol (ATN) [14]. 
 
8.2. MODIFIED FUNCTIONALIZED MULTIWALL 
CARBON NANOTUBES (FMCNT) [15]. 

Atenolol has also used to modify the functionalized 
multiwall carbon nanotubes to be utilized as a cardiovascular 
medications having active nitrogen which can chemically 
react with functionalized multiwall carbon nanotubes as 
shown in Scheme 1. This kind of products can be 
characterized by using FTIR spectroscopy to prove the 
presence of amide group due to the new linkage. The SEM 
technique was used to determine the morphology of modified 
nanotubes dimensions.  

Scheme1: Strategy for modified functionalized multiwall 
carbon nanotubes (FMWCNT) synthesis [15]. 
 

 
Fig:5: Pure atenolol FTIR spectrum [16]. 
 

 
 Fig: 6: Modified functionalized multiwall carbon nanotubes 
(FMCNT) FTIR spectrum [17]. 
 

 
Fig:7: SEM images of functionalized multiwall carbon 
nanotubes (FMWCNT) and FMWCNT-atenolol [17]. 
 
9. CONCLUSIONS  

Atenolol can be utilized for lowering high blood pressure 
with or sometime without other medications. Patients with 
high blood pressure can get heart attacks, strokes, and 
sometimes even they have kidney failure. Atenolol is also 
used to help patients with chest ache after heart attack to help 
them get survival. Moreover, this medication is also used in 
industry beside its importance in the medical field, such as 
water treatment, and also modifies the functionalized 
multiwall carbon nanotubes. 
 
REFERENCES  
[1] MRC working party. (1992). Medical research council 

trial of treatment of hypertension in older adults. 
Principal results BMJ, Vol. 304, no. 6824, pp.405-412. 

[2] Wander G.S., Chhabra S.T. and Kaur K. (2009). 
Atenolol drug profile. JAPI Supplement: Journal of 
Association of Physicians of India, Vol. 57, pp. 13-16. 

[3] Lund Johansen, P. (1976). Hemodynamic long-term 
effects of a new b-adrenoceptor blocking drug, Atenolol 
(ICI66082), in essential hypertension. Br J Clin 
Pharmacol, Vol. 3, no. 3, pp. 445-451. 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     
2020,14 (2):47– 50                                              

50 
 

[4] Mikhailidis D. P., Khan M.A., Milionis H. J. and 
Morgan R. J. (2001) The Treatment of Hypertension in 
Patients with Erectile Dysfunction. Current Medical 
Research and Opinion, Vol.16, pp.31-36. 

[5] Brown H.C., Carruthers S. G. and Johnson G. D.et al 
(1976): Clinical pharmacologic observations on atenolol, 
a beta adrenoceptor blocker. Clin pharmacol Ther., 
Vol.20, no .5, pp. 34-524. 

[6] Sullivan J. M. (1996). Atenolol; Cardiovascular Drug 
therapy. 2nd edition, pp 48-540. 

[7] Astrom H .and Vallin H. (1977) Effect of atenolol on 
exercise haemodynamics in angina pectoris and hyper 
tension. Post grad Med J., Vol. 53, pp.3- 84. 

[8] Duprez D.A., Florea N., Duval S. and Cohn J. N. (2018). 
Effect of nebivolol or atenolol vs. placebo on 
cardiovascular health in subjects with borderline blood 
pressure: the Evidence study. J Hum Hypertens ,Vol.32, 
pp. 20–25. 

[9] Thomas T. and Dooley T. P .(2018). Treatment of 
Anxiety Prior to a Medical Procedure using an Atenolol - 
Scopolamine Combination Drug, J Depress Anxiety, 
Vol. 7, pp. 1-5. 

[10] Lindholm L. H., Carlberg B. and Samuelsson O. (2005). 
Should beta blockers remain first choice in the treatment 
of primary hypertension? A meta-analysis. Lancet 
(London, England), Vol. 366, no. 9496, pp. 1545–1553. 

[11] Vincent H. H., Boomsma F., Man in't Veld A. J., Derkx 
F. H., Wenting G. J. and Schalekamp  M. A. (1984). 
Effects of selective and nonselective beta-agonists  on 
plasma potassium and norepinephrine. Journal of 

cardiovascular pharmacology, Vol. 6, no. 1, pp. 107–
114. 

[12] Ra J., Yoom H., Son H., Hwang T. and Lee Y. (2019). 
Transformation of an Amine Moiety of Atenolol during 
Water Treatment with Chlorine/UV: Reaction Kinetics, 
Products, and Mechanisms, Environ. Sci. Technol., Vol. 
53, pp.7653−7662. 

[13] Remucal C. K. and Manley D. (2016). Emerging 
investigators series: the efficacy of chlorine photolysis as 
an advanced oxidation process for drinking water 
treatment. Environmental Science: Water Research 
&Technology, Vol. 2, no. 4, pp. 565−579. 

[14] Watts M. J. and Linden K. G. (2007). Chlorine 
photolysis and subsequent OH radical production during 
UV treatment of chlorinated water. Water research, 
Vol. 41, no. 13, pp. 2871–2878. 

[15] Sedaghat S. (2014). Synthesis and Modification of 
Carboxylated Multi Wall Nanotubes with Atenolol. Soft 
Nanoscience Letters, Vol. 4, no.3, pp. 75-81. 

[16] Tahermansouri H., Chobforosh , D. and Meskinfam, M. 
(2010). Functionalization of Carboxylated Multi-Wall 
Nanotubes with 1,2-phenylenediamine. International 
Journal of Nano Dimension, Vol. 1, pp. 153-159. 

[17] Kalita G., Adhikari S., Aryal H. R., Afre R., Soga T., 
Sharon M. and Umeno M. (2009). Functionalization of 
Multi-Walled Carbon Nanotubes (MWCNTs) with 
Nitrogen Plasma for Photovoltaic Device Application. 
Current Applied Physics, Vol.9, no. 2, pp. 346-351. 

 

 

 يعانصلاو يبطلا لاجملا يف لولونیتالا ةیمھأ   
  ينا3ه8+لا $#5ح 3+2م  و فس/ی دا+ع  و  مالس $#"ب

 قا7علا - دا=غ;/ 789ه5لا ةعماج , م1لعلا ة)ل- , ءا)()'لا #"ق
 :ةصال#لا

 تاO,+لا MN"! م%لا Jغض عافترا .م%لا Jغض Kف$ل م%لا Jغض عافترا Cم ن,ناع! CیAلا ىض8:لا ة%عا":ل 89خأ ة5ودأ نو%ب وأ عم ل,ل,+*تأ م%$#"!

 8h*N#لا ى:"! .ة*Mلق ةمزأل aهض8عت %عc ىض8:لا %+ع ر%bلا aلأ جالعل اً[!أ ل,ل,+*تأ م%$#"! ،]لذ ىلا فاضأ .X,لWلا لUفلاو ة*غام%لا تا#S"لاو ة*Mلقلا

 u:خ ة%:ل %مألا ةلt,5 تاسارد يف ءا:لعلا Mrثأ .ا[!أ 1 ا#*ب ة*ئاق#نالا ة5ودألاو Nلقلا يئاق#نالا ءاو%لا aساc فو8ع:لا Cمو .M+m5Cلا %*ما#*سأ اًنا*حأ يئا*:*Wلا

 تالا|:لا Cم %ی%علا لاخدإ اً[!أ SC:! ،يM{لا لا|:لا يف اهرود ىلإ ةفاضإلاc .ة5,م%لا ةرو%لا ىلع 8*ثأت هل u*ل aفلا C t85vع ل,ل,+*تألا لوا+ت نأ تا,+س

 .ة*لاق#نالا نداع:لا تافعا[م اً[!أو ،ها*:لا ة|لاعم ل~م ،ة*عا+bلا

 ءام, Nلقلا يئاق#نا, م%لا Jغض عافترا, ل,ل,+*تأ :ة,حا*ف%لا تا%ل#لا


