
  
 

 

 1 Page 1-10 © MANTECH PUBLICATIONS 2026. All Rights Reserved 

 

Journal of Pharmaceutical Analysis and Drug Research 

Volume 8, Issue 1, January-April 2026 

 

 

 

Neurological and Pharmacological Action of Adrenaline-Review 

 

Dr. S. Sreeremya 

External Faculty of Pharmacology 

Department of Pharmacology 

Crescent College of Nursing, Palakkad, Kerala, India 

Email ID: sreeremyasasi@gmail.com 

 

ABSTRACT 

The adrenergic system which is called the parasympathetic system, where the 

neurochemicals are formed from the precursor aminoacid named 

phenylalanine. The main neurochemicals encompassed in the adrenergic 

nervous system is adrenaline (epinephrine), nor adrenaline (nor epinephrine), 

dopamine. These neurochemical have immense pharmacological action in 

human system. Among the adrenergic neurochemical adrenaline act as 

vasoconstrictor, it acts in wound healing; it is used in the treatment of 

anaphylactic shock etc. 
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INTRODUCTION 

Adrenergic System 

Adrenergic is a term availed to describe proteins and drugs that interact with adrenaline or 

noradrenaline, also known as the epinephrine and norepinephrine, respectively. 

 For example, adrenergic receptors are membrane proteins (macromolecules) that are the 

target for epinephrine andnorepinephrine, while the adrenergic transporters are proteins 

that carry norepinephrine across the cell membrane of the  nerve cells. 

 An adrenergic agonist is a drug that typically produces the same effect as epinephrine or 

the norepinephrine. 

 Whereas an adrenergic antagonist is a drug that generally ceases the effects of 

epinephrine andnorepinephrine(Motiejunaite et al.,2021). 
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 Epinephrine and the norepinephrine act as hormones and neurotransmitters in the 

numerous biological processes. 

 When epinephrine is released, it contracts and mainly relaxes smooth muscle and 

increased blood pressure. 

 Epinephrine can also increase the level of the glucose and fatty acids in the blood, 

generally leading to increased energy production within the cells. 

 In addition, epinephrine and norepinephrine initiate the flight-or-fight response. 

 The Norepinephrine typically increases the heart rate and blood flow to muscles during 

the stressful situations and affects the part of the brain that is responsible for attention and 

response. It also elevates blood glucoselevels, thus providing needed energy for cells. The 

Norepinephrine also acts as an anti-inflammatory agent when it is released as a 

neurotransmitter between the nerve cells of the brain (Hou et al., 2023). 

 

The Characteristics of Adrenergic Agonist: Most of the adrenergic drugs are derivatives of β-

phenyl ethylamine. The Substitutions on the benzene ring or on the ethylamine side chains 

produce a variety of the compounds with varying abilities to differentiate between α and β 

receptors and to penetrate the CNS. Two important structural characteristics of these drugs 

are  

1) the number and location of THE  OH substitutions on the benzene ring and  

2) the nature of the substituent on the amino nitrogen.  

 

A. The Catecholamines  

Sympathomimetic amines that comprises the 3, 4-dihydroxybenzene group (such as 

epinephrine, norepinephrine, isoproterenol, and the dopamine) are called catecholamines.  

These compounds share the following properties:  

1. The High potency: Catecholamines (with –OH groups in the 3 and 4 positions on the 

benzene ring) show the highest biopotency in directly activating α or β receptors.  

2. The Rapid inactivation: Catecholamines are metabolized by COMT postsynaptically and 

by the MAO intraneuronally, as well as by COMT and MAO in the gut wall, and by the 

MAO in the liver. Thus, catecholamines have only a brief period of action when given 

parenterally, and they are inactivated (ineffective) when administered orally.  

3. Poor penetration into the CNS: The Catecholamines are polar and, therefore, do not 

readily penetrate into the CNS. Nevertheless, most catecholamines have some bioclinical  
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effects (anxiety, tremor, and the  headaches) that are attributable to action on the 

CNS(Perman et al.,2023). 

 

B. The  Non-catecholamines  

Compounds lacking the catechol hydroxyl groups have longer half-lives, because they are not 

inactivated by the COMT. These include phenylephrine, ephedrine, and the amphetamine. 

These agents are poor substrates for MAO (an important route of metabolism) and, thus, 

show much of a prolonged duration of action. Increased lipid solubility of many of the non-

catecholamines (due to the  lack of polar hydroxyl groups) permits greater access to the CNS.  

 

The Mechanism of action of adrenergic agonists:  

1. Direct-acting agonists: These drugs act directly on the α or β receptors, producing effects 

similar to those that occur following stimulation of the sympathetic nerves or release of 

epinephrine from the adrenal medulla (Zhong et al.,2023). The Examples of direct-acting 

agonists include epinephrine, norepinephrine, isoproterenol, and the phenylephrine.  

 

2. Indirect-acting agonists: These agents may block the reuptake of the norepinephrine or 

cause the release of norepinephrine from the cytoplasmic pools or the vesicles of the 

adrenergic neuron. The norepinephrine then traverses the synapse and binds to the α or β 

receptors. Examples of reuptake inhibitors and agents that cause norepinephrine release 

encompass cocaine and amphetamines, respectively.  

 

3. The Mixed-action agonists: Ephedrine and its stereoisomer, pseudoephedrine, both 

simulate adrenoceptors directly and release norepinephrine from the adrenergic neuron. 

 

The Direct-acting agonists: Direct-acting agonists bind to adrenergic receptors on effector 

organs without interacting with the presynaptic neuron. As a group, these bioagents are 

widely used clinically.  

 

Epinephrine  

The Epinephrine is one of the four catecholamines (epinephrine, norepinephrine, dopamine, 

and the dobutamine) commonly used in therapy. The prime three are naturally occurring 

neurotransmitters, and the latter is a synthetic compound. In the adrenal medulla, the 

norepinephrine is methylated to yield epinephrine, which is stored in chromaffin cells along 
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with the  norepinephrine. On stimulation, the adrenal medulla releases about approx. 80% 

epinephrine and 20% norepinephrine directly into the circulation(Lee et al.,2019). 

 

THE THERAPEUTIC USES OF EPINEPHRINE  

1. Anaphylactic shock: epinephrine is the life-saving drug in the anaphylactic shock. It 

rapidly reverses the manifestations of the severe allergic reactions when given IM.  

2. Bronchial asthma (Goodall et al.,2017): the Adrenaline is a powerful bronchodilator 

and has rapid onset but short duration of action. It is useful for the  acute attack. Its use 

has declined because of its dangerous cardiac-stimulant effect. It ismainly  given 

subcutaneously. It can be given by nebulization (as inhalation).  

3. Cardiac resuscitation: In the treatment of the cardiac arrest due to drowning or 

electrocution, epinephrine is injected IV along with the other supportive measures such as 

external cardiac massage, as a part of the  advanced life support.  

4. Prolongs the Duration of the local anesthesia: epinephrine by its vasoconstrictor effect 

(α1) delays the systemic absorption of the  local anesthetic and prolongs the duration of 

local anesthesia and promotes the local hemostasis.  

5. Controls Epistaxis and other capillary oozing (Evans et al., 2021): Epinephrine is 

availed as a local haemostatic to control bleeding following tooth extraction and during 

the surgical procedures in nose, throat, larynx, etc. because of its vasoconstrictor effect.  

6. The Intraocular surgery: Epinephrine is used in the induction and maintenance of 

mydriasis during the  intraocular surgery.  

 

Adverse effects of epinephrine 

Epinephrine can produce adverse CNS effects that encompass anxiety, fear, tension, 

headache, and tremor. It can mainly trigger cardiac arrhythmias, particularly if the patient is 

receiving digoxin. Patients with the hyperthyroidism may have an increased production of 

adrenergic receptors in the vasculature, leading to an copioused response to epinephrine, and 

the dose must be precisely reduced in these individuals. Inhalation anesthetics also sensitize 

the heart to 5 the effects of the epinephrine, which may lead to tachycardia. 

Epinephrineaggrandizes the release of endogenous stores of glucose. In diabetic patients, 

dosages of insulin may have to be aggrandized (Golden et al.,2024).  

 

Nonselective β-blockers prevent vasodilatory effects of epinephrine on β2 receptors, leaving  
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the α receptor stimulation unopposed. This may lead to increased peripheral resistance, and 

aggrandized blood pressure. Routes of administration: SC (slow absorption). IM (rapid 

absorption). IV (in emergency: rapid onset of action). Inhalation (in bronchial asthma). The 

Intracardiac IC (in resuscitation). The IV and IC routes are very dangerous (must be diluted 

to 1:10000).  

 

Contraindications 

1. Severe hypertension.  

2. Cardiac disease. 

3. The clinical manifestation of Thyrotoxicosis.  

 

Norepinephrine 

When administered in the therapeutic doses, the α- adrenergic receptor is most affected.  

 

Effects: The Norepinephrine causes a rise in peripheral resistance due to intense 

vasoconstriction of most vascular beds, encompassing the kidney (α1 effect). Both systolic 

and diastolic blood pressures increase.  

 

[Note: The Norepinephrine causes greater vasoconstriction than the epinephrine, because it 

does not induce compensatory vasodilation via β2 receptors on the blood vessels supplying 

skeletal muscles. The weak β2 activity of the norepinephrine also explains why it is not 

useful in the treatment of bronchospasm or anaphylaxis.]  

 

Therapeutic uses: The Norepinephrine is used to treat shock (for example, septic shock), 

because it elevates vascular resistance and, therefore, increases blood pressure. It has no other 

clinically significant uses. The Pharmacokinetics: Norepinephrine is given IV for the rapid 

onset of action. It is rapidly metabolized by MAO and COMT.  

 

Adverse effects: These are similar to the neurochemical epinephrine. In addition, 

norepinephrine is a bio-potent vasoconstrictor and may cause blanching and sloughing of skin 

along an injected vein. If the extravasation (leakage of drug from the vessel into tissues 

surrounding the injection site) occurs, it can also cause tissue necrosis. It should not be 

administered in peripheral veins, if possible. The Impaired circulation from norepinephrine 
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may be treated with the α receptor antagonist phentolamine. Isoproterenol: The Isoproterenol 

is a direct-acting synthetic catecholamine that stimulates both β1- and the β2adrenergic 

receptors. Its non-selectivity is a disadvantage and the reason why it is rarely availed 

therapeutically. Dopamine: The Dopamine occurs naturally in the CNS in, where it functions 

as a neurotransmitter, as well as in the adrenal medulla. Dopamine can mainly activate α- and 

β-adrenergic receptors (Mehta et al.,2023).  

 

 

Figure: 1 

 

 

Figure: 2 

 

The wiring of the brain with neural system is intriguing (Dr. S. Sreeremya,2025a).These 

system helps in signalling and processing the signals(Dr. S. Sreeremya,2025b). The various  
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disease associated with neural system can more or less be assessed with the neurochemicals 

(Dr. S. Sreeremya,2026). 

 

Therapeutic uses: Dopamine can be availed  for cardiogenic and septic shock. It raises blood 

pressure by stimulating the β1 receptors on the heart to elate cardiac output, and α1 receptors 

on blood vessels to increase total peripheral resistance.  

 

Fenoldopam: It is availed as a rapid-acting vasodilator to treat severe hypertension in 

hospitalized patients, acting on the coronary arteries, kidney arterioles, and mesenteric 

arteries (Ellis et al.,2024).  

 

The Dobutamine: is a synthetic, direct-acting catecholamine that is primarily a β1 receptor 

agonist. The Dobutamine is availed to increase cardiac output in acute heart failure as well as 

for inotropic support after cardiac surgery.  

 

Oxymetazoline: simulates both α1- and α2-adrenergic receptors(Patel et al.,2021). The drug 

Oxymetazoline is found in many overthecounter nasal spray decongestants, as well as in the 

ophthalmic drops for the relief of redness of the eyes associated with swimming, colds, and 

contact lenses. Oxymetazoline directly simulates α receptors on blood vessels supplying the 

nasal mucosa and also conjunctiva, thereby producing vasoconstriction and decreasing 

congestion. Local irritation and the sneezing may occur with intranasal administration. Use 

for greater than 3 days is not mainly recommended, as rebound congestion and the 

dependence may occur.  

 

Phenylephrine: binds primarily to α1 receptors causing vasoconstriction. Phenylephrine 

mainly acts as a nasal decongestant when applied topically or taken orally (Sacha et al.,2019).  

 

Clonidine: is an α2 agonist availed for the treatment of hypertension. It can also be availed  

to minimize symptoms of withdrawal from opiates, tobacco smoking, and benzodiazepines. 

Both the clonidine and the α2 agonist guanfacine may be availed in the management of 

attention deficit hyperactivity disorder. Clonidine acts centrally on the presynaptic α2 

receptors to produce inhibition of sympathetic vasomotor centers, decreasing sympathetic 

outflow to the periphery.  
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The Albuterol: is a short-acting β2 agonist (SABAs) availed primarily as bronchodilator and 

administered by a metered-dose inhaler. Albuterol is the SABA of choice for the management 

of the acute asthma symptoms. When these drugs are administered orally, they may mainly 

cause tachycardia or arrhythmia (due to the β1 receptor activation), especially in patients with 

underlying cardiac disease.  

 

Salmeterol, formoterol, and the indacaterol: are long-acting β2 selective agonists 

(LABAs) used for the management of the respiratory disorders such as asthma and chronic 

obstructive pulmonary disease. The LABAs are not recommended as monotherapy for the 

treatment of asthma, because they have been shown to elate the risk of asthma-related deaths; 

however, these agents are potently efficacious when combined with an asthma controller 

medication such as an inhaled corticosteroid. The  Mirabegron: is a β3 agonist that relaxes 

the detrusor smooth muscle and aggrandizes bladder capacity. It is used for patients with 

overactive bladder. Mirabegron may elate  blood pressure and should not be availed in 

patients with uncontrolled hypertension(Lyng et al.,2019). 

 

CONCLUSION 

The adrenaline as neurochemical, which is a part of adrenergic neural system or sympathetic 

nervous system has two main reeptors named alpha and beta. This adrenaline has catechol 

nuleus so it is also called catecholamines. There are several precise actions of alpha and beta 

receptors in human body. 
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