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CNS Stimulants & Nootropics 

CNS Stimulants 

These are drugs whose primary action is to stimulate the CNS globally or to improve specific brain 

functions. The CNS stimulants mostly produce a generalized action which may, at high doses, result 

in convulsions. 

CLASSIFICATION  

1. Convulsants: Strychnine, Picrotoxin, Bicuculline, Pentylenetetrazol (PTZ).  

2. Analeptics: Doxapram  

3. Psychostimulants: Amphetamines, Methylphenidate, Atomoxetine, Modafinil, Armodafinil, 

Pemoline, Cocaine, Caffeine. Many other drugs are capable of causing CNS stimulation as 

side effect or at high doses. 

I.  CONVULSANTS  

1. Strychnine: It is an alkaloid from the seeds of Strychnos nux-vomica, and a potent convulsant. 

The convulsions are reflex, tonic-clonic and symmetrical. It has been labelled as a spinal convulsant 

because the dose producing convulsions is the same in spinal animals as in intact animals; actually, 

it stimulates the whole cerebrospinal axis. Strychnine acts by blocking post-synaptic inhibition 

produced by the inhibitory transmitter glycine. One of the sites that has been clearly demonstrated is 

the Renshaw cellmotoneurone junction in the spinal cord through which inhibition of antagonistic 

muscles is achieved. Due to loss of synaptic inhibition, any nerve impulse becomes generalized, 

resulting in apparent excitation and convulsions. There are no valid uses of strychnine now. 

Accidental poisonings, especially in children, do occur. Treatment of poisoning is similar to that of 

status epilepticus.  

2. Picrotoxin: Obtained from ‘fish berries’ of East Indies Anamirta cocculus. It is a potent 

convulsant— convulsions are clonic, spontaneous and asymmetrical. The convulsions are 

accompanied by vomiting, respiratory and vasomotor stimulation. Though regarded as a medullary 

stimulant, it has little selectivity in site of action. Picrotoxin acts by blocking presynaptic inhibition 

mediated through GABA. However, it is not a competitive antagonist; does not act on GABA receptor 

itself, but on a distinct site and prevents Cl¯ channel opening. Diazepam, which facilitates 

GABAergic transmission, is the drug of choice for picrotoxin poisoning. Picrotoxin has no 

therapeutic indication now.  

3. Bicuculline: This synthetic convulsant has picrotoxinlike actions. It is a competitive GABAA 

receptor (intrinsic Cl¯ channel receptor) antagonist, while GABAB receptor (G-protein coupled 

receptor) is insensitive to it. It is only a research tool.  

4. Pentylenetetrazol (PTZ, Metrazol, Leptazol): It is a powerful CNS stimulant, believed to be 

acting by direct depolarization of central neurones. However, it has also been shown to interfere with 



GABAergic inhibition—may be acting in a manner analogous to picrotoxin. Low doses cause 

excitation, larger doses produce convulsions which are similar in pattern to those caused by 

picrotoxin. Antagonism of PTZ induced convulsions is an established method of testing 

anticonvulsant drugs in laboratory animals. 

II.  ANALEPTICS (Respiratory stimulants)  

These are drugs which stimulate respiration and can have resuscitative value in coma or fainting. 

They do stimulate respiration in sub-convulsive doses, but margin of safety is narrow; the patient 

may get convulsions while still in coma. Mechanical support to respiration and other measures to 

improve circulation are more effective and safer. The role of analeptics in therapeutics is very limited. 

Situations in which they may be employed are:  

a) As an expedient measure in hypnotic drug poisoning until mechanical ventilation is instituted. 

b) Suffocation on drowning, acute respiratory insufficiency.  

c) Apnoea in premature infant.  

d) Failure to ventilate spontaneously after general anaesthesia. However, the overall utility of 

analeptics is dubious.  

Doxapram: It acts by promoting excitation of central neurones. At low doses it is more selective for 

the respiratory centre than other analeptics. Respiration is stimulated through carotid and aortic body 

chemoreceptors as well. Falling BP rises. Continuous i.v. infusion of Doxapram may abolish episodes 

of apnoea in premature infant not responding to theophylline. Dose: 40–80 mg i.m. or i.v.; 0.5–2 

mg/kg/hr i.v. infusion. CAROPRAM 20 mg/ml in 5 ml amp. Reflex stimulation Smelling ammonia 

or a drop of alcohol in the nose may be enough for hysterical fainting; analeptics should not be used. 

III. PSYCHOSTIMULANTS  

These drugs have predominant cortical action; their psychic effects are more prominent than those on 

medullary vital centres.  

1. Amphetamines: These are central sympathomimetics. Compared to amphetamine, higher central: 

peripheral activity ratio is exhibited by dextroamphetamine and methamphetamine. They stimulate 

mental rather than motor activity; convulsive doses are much higher.  

2. Methylphenidate: It is chemically and pharmacologically similar to amphetamine. Both acts 

primarily by releasing NA and DA in the brain. Both produce increase in mental activity at doses 

which have little action on other central and peripheral functions. However, it is a CNS stimulant, 

and high doses can produce convulsions. Methylphenidate is considered superior to amphetamine for 

attention deficit hyperkinetic disorder (ADHD) because it causes lesser tachycardia and growth 

retardation. Behaviour and learning ability are improved in 3 out of 4 treated children. It can also be 

used for concentration and attention defect in adults, and for narcolepsy, but should not be employed 

to treat depression, dementia, obesity or to keep awake. Methylphenidate is well absorbed orally, 

metabolized and excreted in urine, plasma t½ is 4–6 hours, but central effect lasts much longer. Twice 

daily dosing (morning and afternoon) is enough. Side effects are anorexia, insomnia, growth 

retardation, abdominal discomfort and bowel upset. Dose: Adults 5–10 mg BD; children 0.25 

mg/kg/day initially, increased up to 1 mg/kg/day if needed. RETALIN 5, 10, 20, 30 mg tab. 



3. Atomoxetine: This is a selective NA reuptake inhibitor, unrelated to amphetamine as well as to 

imipramine, which does not enhance DA release in the brain, and is neither a CNS stimulant nor an 

antidepressant. However, it has been found to improve attention span and behaviour in ADHD. It is 

indicated in children >6 years and in adults with concentration and attention problems. Atomoxetine 

is absorbed orally, hydroxylated by CYP2D6 and excreted in urine, mainly as glucuronide. While 

majority of individuals are extensive metabolizers (EM), few are poor metabolizers (PM) due to 

polymorphism of CYP2D6. Inhibitors of CYP2D6 like fluoxetine, paroxetine, quinidine increase 

concentration and toxicity of atomoxetine. It should not be given with MAO inhibitors and is 

contraindicated in glaucoma. Dose: 0.5 mg/kg/day in the morning, may be increased upto 1.2 

mg/kg/day and split into morning and afternoon doses. Adults 40 mg OD, max 100 mg/day. 

ATTENTROL 10, 18, 25, 40 mg caps AXEPTA 18, 25 mg caps. Atomoxetine is relatively well 

tolerated, does not produce agitation, seizures, or arrhythmias. Common side effect is dyspepsia, 

anorexia and other abdominal symptoms. Others are sleep disturbances, mood swings, emotional 

lability, rarely suicidal thoughts and hepatotoxicity. Growth retardation is possible in children.  

4. Modafinil: This newer psychostimulant is popular with night-shift (call centre) workers and other 

professionals who want to improve alertness and keep awake. It is claimed to increase attention span 

and improve accuracy that has been compromized by fatigue and sleepiness. Although, modafinil has 

been shown to inhibit NA and DA uptake as well as alter junctional concentration of glutamate and 

GABA, its actual mechanism of action is not known. The approved indications are day-time 

sleepiness due to narcolepsy, sleepapnoea syndrome and shift-work disorder (SWD). It has also been 

found to reduce euphoria produced by cocaine and to suppress cocaine withdrawal symptoms; is 

being evaluated as a drug to prevent relapse of cocaine dependence. The most common side effects 

are insomnia and headache. Others are nausea, dyspepsia, dizziness, confusion, amnesia, personality 

disorders, tremors and hypertension. Dependence is a possibility on long-term use. Modafinil is 

absorbed within 2–4 hours of oral administration, and is eliminated with a t½ of 15 hours. Dose: 100–

200 mg morning and afternoon for day-time sleepiness due to narcolepsy or sleep-apnoea syndrome; 

or 200 mg 1 hour before starting night-shift work. MODALERT, PROVAKE 100, 200 mg tabs.  

Armodafinil A congener of modafinil which has been recently approved for improving wakefulness 

in patients with obstructive sleep apnoea (OSA), SWD and narcolepsy.  

5. Pemoline: Though chemically unrelated, pemoline has CNS stimulant actions similar to those of 

methylphenidate. Sympathomimetic and CVS actions are insignificant. Pemoline has been used in 

ADHD, narcolepsy and excessive day-time sleepiness, with benefits and side effects similar to 

methylphenidate. However, because of slow onset of action and hepatotoxicity, it has been 

discontinued in USA, and is not available in India.  

6. Caffeine: Out of the three naturally occurring methylxanthines, only caffeine is used as a CNS 

stimulant.  

Pharmacokinetics Caffeine has poor water solubility; is rapidly but irregularly absorbed after oral 

administration. It is < 50% bound to plasma proteins, distributed all over the body, and nearly 

completely metabolized in liver by demethylation and oxidation. Metabolites are excreted in urine; 

plasma t½ is 3–6 hours in adults.  



Adverse effects Toxic effects of caffeine are extensions of its pharmacological actions. Caffeine 

poisoning is rare, and it is less toxic than theophylline. Gastric irritation, nausea and vomiting may 

occur as side effects. Excitatory and motor effects such as nervousness, insomnia, agitation, muscular 

twitching, rigidity, rise in body temperature, delirium and convulsions are produced at toxic doses. 

Tachycardia, occasionally extrasystoles occur at high doses. Caffeine is to be avoided in peptic ulcer 

patients. It is not contraindicated in gout because it is not converted in the body to uric acid. Moderate 

coffee drinking does not contribute to development of hypertension. 

Uses  

1. In analgesic mixture: caffeine benefits headache probably by allaying fatigue and boredom. It has 

no analgesic action of its own.  

2. Migraine: Caffeine is used in combination with ergotamine for treatment of migraine attack. It 

appears to benefit by augmenting constriction of cranial vessels and by enhancing absorption of 

ergotamine from the g.i.t.  

3. Apnoea in premature infants: as alternative to theophylline.  

Caffeine is available only in combined formulations with ergotamine or analgesics in tablets. 

CAFERGOT: Caffeine 100 mg + ergotamine 1 mg tab. MICROPYRIN: Caffeine 20 mg + aspirin 

350 mg tab. 

NOOTROPICS 

Nootropics are class of cognitive enhancing supplement that improve concentration and boost 

memory. Nootropics are often used to increase attention spans, help individuals focus and as studying 

aids. Nootropics referred to as “smart drugs “as they are associated with increased intelligence, 

motivation, and mental energy. Nootropics also called smart drug, memory enhancers, neuro 

enhancers, cognitive enhancers, and intelligence enhancers, motivational, and stress management are 

drugs, supplements, nutraceuticals, and functional foods that improve one or more aspects of mental 

function. Nootropics have actually been found as one of the reliable supplements for the mind; for 

that reason, its relevance has actually additionally led folks in the renovation of their memory as well 

as finding out ability or intellectual procedures.  There are only a few drugs that are known to improve 

some aspect of cognition. Many more are in different stages of development. The most commonly 

used class of drug is stimulants, such as caffeine. These drugs are purportedly used primarily to treat 

cognitive or motor function difficulties attributable to disorders such as Alzheimer's disease, 

Parkinson's disease, Huntington's disease, and ADHD. Some researchers, however, report more 

widespread use despite concern for further research. Nevertheless, intense marketing may not 

correlate with efficacy. While scientific studies support the beneficial effects of some compounds, 

manufacturer's marketing claims for dietary supplements are usually not formally tested and verified 

by independent entities. 

Pharmacological properties of nootropics: 

Extensive study of the modes of action of the nootropics has revealed various pharmacological 

effects. There may be no single predominant mode of action that is shared by the whole drug class. 



All these drugs however influence cholinergic function. By increasing high affinity choline uptake 

these drugs facilitate acetylcholine production and turnover with varying actions at both muscarinic 

and nicotinic receptors. There is a serious decline in acetylcholine receptors in normal aging in 

humans. Piracetam elevates the density of frontal cortex acetylcholine receptors by 30- 40% restoring 

the levels of acetylcholine in the brain. Energy (ATP) is critical to the brain's very survival and brain 

cells must produce all their own ATP from glucose (sugar) and oxygen. They cannot borrow ATP 

from other cells. Brain carbohydrate metabolism is impaired in a variety of dementias and the degree 

of reduction in brain carbohydrate metabolism correlated with the severity of the dementia. Piracetam 

increases the activity of adenylate kinase enzyme that converts ADP into ATP and AMP. This reduces 

the drop in ATP in oxygen-compromised brain. Thus, it prevents the dementia and speeds up the 

recovery from hypoxia due to enhancement of oxidative glycolysis. It increases cerebral blood flow, 

cerebral oxygen usage metabolic rate and cerebral glucose metabolic rate in chronic impaired human 

brain function i.e., multi-infarct (stroke) dementia, senile dementia of the Alzheimer type and pseudo 

dementia, ischaemic cerebral (poor brain blood flow) infarcts. It reduces the platelet aggregation and 

has haemorrheological and antithrombotic effects. It also changes the physical properties of 

membranes, and enhances membrane fluidity, presumably by binding to membrane phospholipids. It 

improves erythrocyte function, decreases the adherence of damaged and sickle cell red blood cells to 

the endothelium, increases prostacyclin (PGI2) production and activity, enhances phospholipids - 

metabolism and protein biosynthesis. It increases synthesis and turnover of cytochrome b5, a key 

component of the electron transport chain, wherein most ATP energy is produced in mitochondria 

and increases permeability of mitochondrial membranes for certain intermediaries of the Krebs cycle. 

It enhances transcommisural encoding mechanisms and some form of inter-hemispheric/ 

intercerebral transfer.  

Levetiracetam, an antiepileptic agent acts by reducing high-voltage activated calcium conductance, 

and its action has been postulated to modulate intracellular calcium buffering and transport 

mechanisms. It reverses the inhibition of negative allosteric modulaters of both GABA and glycine 

gated currents. It also holds the promise in the field of neuroprotection.  

Nefiracetam also has strong antiepileptic effects but by different unknown mechanism. Pramiracetam 

has been shown to increase nitric oxide synthase activity. It is licensed in Italy as a cognitive enhancer.  

Fosracetam causes up-regulation of the GABA receptor, stimulates cAMP formation, and shows 

striking positive effects in spatial memory tests in ischaemic state. It is currently in phase III trials in 

Alzheimer's disease and in cerebrovascular disease. 

Side effects  

The main concern with pharmaceutical drugs is adverse effects, and these concerns apply to 

cognitive-enhancing drugs as well. Long-term safety data is typically unavailable for some types of 

nootropics (e.g., many non-pharmaceutical cognitive enhancers, newly developed pharmaceuticals 

and pharmaceuticals with short-term therapeutic use). 

 

 



Indications 

Piracetam: post stroke, cognitive impairment, organic brain syndrome, multi-infarct dementia, senile 

dementia, Alzheimer's disease, post concussional syndrome, post traumatic vertigo and coma, 

dyslexia, aphasia, alcoholism, alcohol withdrawal, head injury, sickle cell anemia, Raynaud's disease, 

Parkinson's disease, post anoxic myoclonus, primary generalized epilepsy with myoclonus, hypoxia, 

anoxia, cerebrovascular insufficiency.  

Levetiracetam: epilepsy, myoclonus.  

 


