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What is a stimulant?
Stimulants, by definition refer to any 
substance that produces a temporary 
increase in the functional activity or 
efficiency of an organism or any of its 
parts. They have a negative connotation; 
in some cases, they are referred to 
as “uppers”, due to their performance 
enhancing and in many cases, euphoric 
properties. Stimulants can be legal or illicit;  
over-the-counter stimulants include 
ephedrine, pseudoephedrine, caffeine, 
are generally used as “safer” substitutes 
compared to amphetamines, cocaines, and “legal” substitutes like Adderall from 
Attention Deficit Hyperactivity Disorder (ADHD and ADD), while cocaine, its cousin 
crack cocaine and methamphetamine, commonly known as “meth” are of the  
illicit nature. 

Stimulants work by speeding up mental and physical processes, activating a level 
of activity, arousal or alertness of the central nervous system (CNS), which tend 
to produce short-term desirable effects in the consumer, usually by increasing 
levels of dopamine in the brain; this neurotransmitter is associated with reward-
motivated behaviour, arousal, motivation, motor control and executive function. 
Stimulants jump-start your body, boosting energy and attention, raising heart rate, 
blood sugar and blood pressure and opening the pathways of the respiratory system.  
Each stimulant has unique effects but they all increase your heart rate, blood pressure and 
body temperature. 

Stimulants have varied half-lives, with most stimulants having a half life of one to two 
hours, depending on the dose and the effects of stimulants are short-lived, consumers are 
inclined to up their intake once the effects of the stimulants start to wear off, leading to 
long-term abuse and significant impacts on health of the abuser. Abuse of stimulants leads 
to overdose, anxiety, aggression, paranoia, increased/decreased blood pressure, seizures, 
tachyarrythmias, drug interactions or diseases that increase sensitivity to stimulants and 
sympathomimetic agents (agents that mimic responses to stimulation of sympathetic 
nerves). The timing of exposure (childhood versus adolescence versus adulthood), dose and 
length of use, as well as underlying health and mental conditions can be determining factors 
for how severely a person will react to stimulants.
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Figure 1. Drug wheel, with a focus on stimulants. Long-term or large dose short-term  
stimulant use is associated with short-term reward behaviours but long-term adverse effects.

STIMULANTS CAN BE CLASSIFIED INTO THREE GROUPS:

I. Respiratory stimulants, also known as analeptics, are agents that are used to stimulate 
respiration in cases of respiratory distress, apnea, COPD (chronic obstructive 
pulmonary disease) etc., used as antagonists to reverse general anaesthesia or in 
the treatment of barbiturate or narcotic poisoning, when there is depression of the 
CNS. Respiratory stimulants increase respiratory center output and tidal volume, 
increase chemoreceptor sensitivity to carbon dioxide and strengthen diaphragmatic 
contractions. Some examples of respiratory stimulants include caffeine, doxapram, 
theophylline etc. Side effects of these vary but could include irritability, diaphoresis, 
diarrhea, seizures, gastroesophageal reflux, and tachycardia. Additionally, doxopram is 
generally formulated in sodium benzoate, which is believed to cause “gasping syndrome” 
in neonates when this drug is used for respiratory related illnesses.

II. Psychomotor stimulant, also known as psychostimulants, are known for their arousal 
and motor activity enhancing effects. Usually when people hear stimulants, this is 
the class of drugs/agents that are being referred to. They act on the central nervous 
system to increase alertness, elevate mood and produce a sense of well-being,  
while improving performance in tasks that may be impaired by fatigue or boredom. 
They can also decrease appetite and the need for sleep. The examples of drugs 
in this class include caffeine, cocaine, amphetamines, methamphetamines and 
methylphenidates like Ritalin, used in the treatment of ADHD. This class of stimulants 
is also the highest risk for abuse. 

III. Convulsant drugs are not as common as their other counterparts are, however 
decades ago they were an important part of understanding how the brain generates 
signals during a seizure. Convulsants excite/disinhibit the CNS to a point of generalized 
convulsions. Strychnine, a highly toxic alkaloid from the plant Strychnos nux-vomica, is 
perhaps one of the most famous convulsants today. It is generally used as a pesticide 
or can be found in illegal street drugs. Low doses of strychnine are associated with 
severe side effects, while high doses can lead to respiratory failure, brain death and 

eventually death, within 15 to 30 minutes of ingestion. 

Stimulants can have multiple mechanisms of action, thereby falling into more than  
one classification.

Why stimulants?
For our coffee drinking friends, think about 
what happens before and after you have had 
your first cup of coffee in the morning! Before 
coffee, you might feel sluggish, still not 
fully awake or in some cases, ready to fight 
someone at the slightest bit of provocation. 
After coffee, most consumers feel an 
increase in energy, alertness and the ability 
to focus. This is because coffee contains 
caffeine, which is a socially acceptable  
stimulant drug.

By increasing the electrical activity in your 
brain, stimulants cause the consumer to 
be more alert, decrease fatigue, prolong 
physical activity, may improve mood and 
increase self-confidence. Below are some 
of the reasons why stimulants are so 
pervasive in the world today;
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• Stimulants, like caffeine, are sometimes added to painkillers to increase effectiveness

• Stimulants can be prescribed along with antidepressants to improve effectiveness, 
since stimulants can also improve mood and self-confidence. Research shows that 
stimulants can be effective in treating cognitive disturbances in HIV patients and 
cancer patients through cranial irradiation.

• ADHD drugs like Adderall and Concerta are prescribed to help control impulsive 
behaviours, inattention and hyperactivity especially in children

• Stimulants can help people with narcolepsy stay awake, just like coffee does for  
non-narcoleptic individuals

• Almost all asthma medications contain stimulants, due to the fact that stimulants can 
help relax the bronchial muscles

• Stimulants can be found in both prescription and non-prescription diet pills, due to 
their ability to suppress appetite

The cultural impact of stimulant use is far reaching. While legal and prescription 
stimulants can have the desired effects when used as prescribed, there is a large 
percentage of stimulant use that is outside the recommendations of use for these 
agents. Addiction is a complex disease with far reaching consequences and is 
associated with injuries while under the influence, feelings of anxiety, paranoia, 
irritability and depression, problems with relationships, legal and financial problems,  
and in some cases, overdose and death. Addiction not only affects the addicted person 
but their friends, families, neighbours and others in the community. 

The abuse of stimulants have led to epidemics that have a devastating impact on society, 
including politics, the legal system and the health care system. The only positive to the 
stimulant epidemics is the influx of scientific and clinical research information obtained. 
This information has broadened our knowledge and understanding of the human brain 
and substance use disorders.

American Addiction Centers (Updated June 2019):  
https://americanaddictioncenters.org/stimulant-drugs

American Psychiatric Association: https://www.psychiatry.
org/patients-families/addiction/what-is-addiction

Alcohol and Drug Foundation (Updated January 2020):  
https://adf.org.au/drug-facts/stimulants/

https://www.canada.ca/en/health-canada/services/
substance-use/problematic-prescription-drug-use/
prescription-stimulants.html

Canadian Centre on Substance Use and Addiction:  
https://www.ccsa.ca/prescription-stimulants-canadian- 
drug-summary

The Drug Wheel: http://www.thedrugswheel.com/

National Institute on Drug Abuse: https://www.drugabuse.
gov/publications/drugfacts/cocaine

https://www.sciencedirect.com/topics/neuroscience/
psychostimulant

https://emergency.cdc.gov/agent/strychnine/basics/facts.
asp; https://chemm.nlm.nih.gov/convulsants.htm

John Adriani (1960) The Use of Respiratory 
Stimulants. Postgraduate Medicine, 27:6, 723-729, DOI: 
10.1080/00325481.1960.11712949

The uses of respiratory stimulants Drug and Therapeutics 
Bulletin; 1963;1:10-12.

Pentel, P. (1984). Toxicity of Over-the-Counter Stimulants. 
JAMA, 252(14), 1898–1903. https://doi.org/10.1001/
jama.1984.03350140044023

Faingold C.L. (1987) Seizures Induced by Convulsant Drugs. 
In: Jobe P.C., Laird H.E. (eds) Neurotransmitters and 
Epilepsy. Contemporary Neuroscience. Humana Press, 
Totowa, NJ

Barkley, R. A., DuPaul, G. J., and Connor, D. F. (1999). 
Stimulants BT  - Practitioner’s Guide to Psychoactive Drugs 
for Children and Adolescents. In J. S. Werry and M. G. Aman 
(Eds.) (pp. 213–247). Boston, MA: Springer US. https://doi.
org/10.1007/978-1-4899-0086-9_8

Center for Substance Abuse Treatment. Treatment for 
Stimulant Use Disorders. Rockville (MD): Substance Abuse 
and Mental Health Services Administration (US); 1999. 
(Treatment Improvement Protocol (TIP) Series, No. 33.) 
Available from: https://www.ncbi.nlm.nih.gov/books/
NBK64333/?report=classic 

Everitt, B. J., and Wolf, M. E. (2002). Psychomotor Stimulant 
Addiction: A Neural Systems Perspective. Journal of 
Neuroscience, 22(9), 3312–3320. https://doi.org/10.1523/
jneurosci.22-09-03312.2002

Juliano, L.M., Griffiths, R.R. A critical review of caffeine 
withdrawal: empirical validation of symptoms and 
signs, incidence, severity, and associated features. 
Psychopharmacology 176, 1–29 (2004). https://doi.
org/10.1007/s00213-004-2000-x

Andersen, S. L. (2005). Stimulants and the developing brain. 
Trends in Pharmacological Sciences, 26(5), 237–243. https://
doi.org/10.1016/j.tips.2005.03.009 
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Although researchers have reviewed 
and submitted research findings for 
the adverse effects of stimulant use, 
within and without prescription use, 
the prescription rates for stimulant use 
in certain conditions is still on the rise. 
Some stimulants, like methylphenidate, 
are still one of the first lines of treatment 
for attention deficit (hyperactivity 
disorder (ADD/ADHD). Although the  
short-term benefits of stimulant use are 
well established, the long-term effects 
of stimulant use are still being studied.  
This becomes difficult to carry out 
especially considering the ethical 
implications of administering stimulants 
long-term in human clinical participants. 
Research however suggest that stimulant 
use has long lasting effects on the human 
brain and behaviour and this effect might 
be dependent on the life stage at which stimulant use begins. So the question remains, 
what exactly is the brain doing in the presence of stimulants? What is the current available 
research telling us about stimulant use in the brain?

For the stimulants to exert their effects 
on the brain, they have to first get to 
the brain. Stimulants can be consumed 
orally, intravenously, intranasally 
(through snorting) or inhalation 
(through smoking). Orally consumed 
stimulants (and other agents) pass 
through the stomach, on to the 
intestinal tract, before being absorbed 
through the bloodstream, to get to 
the site of action, including the brain. 
Inhaled substances adhere to the nasal 
passages, to the lungs with a large 
surface area that allows absorption into 
the bloodstream. Injected/intravenous 
administration goes directly into  
the bloodstream. 
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The brain is organized into lobe, each lobe being responsible for specialized functions 
including, cognitive and sensory processes and motor coordination. Neurons, the basic 
working unit of the brain, receive transmit chemical and electrical information within the 
nervous system to affect multiple organ systems. It is well established that stimulants work 
by targeting the monoamine pathways, which mostly help regulate feelings of pleasure 
(euphoria and satisfaction), control of movement, cognition, motivation and reward.  
The dopaminergic system, also known as the limbic reward system, the dopamine reward 
system or the brain reward system – Figure 1) is in development all throughout childhood 
and adolescence. Early research in non-human primates show that stimulant treatment, 
in comparison to a placebo, is able to halt development of dopaminergic receptor 
development in younger populations. In adult populations, with ADHD, stimulant use 
results in an increase in dopamine transporter and resulting lower cerebral blood flow.

Increased dopamine levels are associated with enhanced mood and increased motor 
activity; however, sustained increase in dopamine is associated with nervousness, 
irritability, aggressiveness, and paranoia that approximates schizophrenia, as well as the 
hallucinations and bizarre thoughts of schizophrenia. Insufficient levels of dopamine, 
specifically in the substantia nigra region of the brain, are also associated with tremors and 
paralysis observed in Parkinson’s disease. Generally, normal activities like eating, drinking, 
sexual activity etc. activate the nucleus accumbens and causing increased communication 
among neurons, leading to the release of dopamine and the subsequent feelings of 
euphoria. Dopamine levels, and the accompanying effects, subside with the completion of 
that activity. Stimulants modify or disrupt the normal signalling that occurs in the limbic 
system, allowing overstimulation of the neurotransmitter system to prolong the effects of 
pleasure and euphoria. 

We now have a better understanding of prescription and Illegal stimulants, their role in the 
brain and their effects on the CNS and other body systems. However, we also know that 
there are naturally occuring stimulants that promote energy and cognitive performance, 
without the adverse effects and addictive qualities of conventional stimulants. 
Nootropics are agents that enhance cognitive performance, many of which stimulate the 
CNS. They target the dopaminergic pathways to support people with memory disorders, 
neurodegenerative diseases, like Parkinson’s and Alzheimers diseases, as well as 
attention deficit disorders. These agents have been shown to clinically increase mental 
functions, including memory, motivation, concentration and attention, while making the 
brain healthier.

Natural nootropics, like panax ginseng, ginkgo biloba, andrographis paniculata and bacopa 
monnieri, can act as vasodilators, to increase blood flow and circulation to the brain.  
This allows increased energy, nutrient and oxygen availability in the brain, which are  
essential to the proper functioning and health of the brain. Natural nootropics have also 
been shown to decrease brain inflammation and may help protect the brain from toxic 
insults. In recent years, there has been a change in the idea that neurons can’t regenerate 
after insult or injury. New studies now show that in specific cases, certain agents, including 
some natural nootropics like Ginkgo biloba, panax ginseng, coenzyme Q10 can stimulate new 
neuronal cells, thereby increasing brain activity and function, and therefore neuroplasticity.

Natural nootropics have been shown in preclinical and clinical models to stimulate 
the release of dopamine, uptake of choline, cholinergic transmission, function of 
α-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) receptor, turnover of 
phosphatidylinositol, and activity of phosphatase A2. In some cases, nootropics can 
act as modulators for acetylcholine and glutamate receptors, which can help improve 
synaptic transmission and improve symptoms of cognitive dysfunction. The following is a 
summary of some natural nootropics and the role they play in the brain.

Limbic System

Reward Pathway

Cerebrum

Cerebellum

VTA
(Ventral 

Tegmental 
Area)

Nucleus
Accumbens
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Bacopa monnieri is known for its cognitive effects, 
having anxiolytic effects and stimulating and 

enhancing memory and learning. Some studies 
have shown that the bacosides in this plant 

are the phytoactive ingredients that cause 
membrane dephosphorylation, leading 
to increased protein and RNA turnover in 

certain regions of the brain. Animal studies 
have also shown that bacopa administration 

may be protective of the brain, in situations of 
smoking induced membrane damage. 

Ginseng (both Asian and American) 
have been proposed to have many 
health properties, including effects 
on cognitive function. Some of 
the constituents of ginseng have 
been shown to increase the 
release of neurotransmitters, 
norepinephrine, dopamine, 
serotonin and GABA, in the 
brain. Depending on the 
species of ginseng, there are 
different levels of ginsenosides 
and saponins, which are the 
active ingredients with cognitive 
health benefits.Ginkgo biloba is well known for its effects on cognitive 

function and its use for food. Pre-clinical and clinical models 
of neurodegeneration and neuroprotection have shown that 
ginkgo biloba could play a role in neuroprotection and in the 
treatment of Alzheimer’s disease and other cognitive disorders. 
Ginkgo is proposed to inhibit the formation of amyloid-β plaques,  
as well as neuronal cell death, to provide the neuroprotection and 
allow the brain to function properly. 

Rhodiola rosea is an adaptogen that is 
reported to improve cognitive function, 

enhance memory and learning and 
protect the brain. Rhodiola has 
been shown to increase levels 
of norepinephine and serotonin 
in the cerebral, prefrontal and 
frontal cortex of the brain. At the 
same time, rhodiola increases 
dopamine and acetylcholine in 
the limbic system, providing CNS 
stimulatory activity. Additionally, 

rhodiola has antioxidant capabilities 
and studies have looked at the effect 

of rhodiola in protecting the brain from 
oxidative damage, thereby lowering the risk  

of neurodegeneration.

The benefits of natural nootropics, especially plant products with nootropic activity, 
allows the benefits of stimulants in the brain, while protecting the brain, without many 
of the adverse effects and addictive properties of conventional stimulants, opening up 
opportunities to develop more consumer friendly, safe  and effective stimulants.
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Nicotine — one of the three most widely 
used stimulants in the workd, despite 
the lack of sufficient reasons for 
medical use. It was promoted in 
the early to mid twentieth century 
as a fashionable thing to do – 
smoking! Nicotine is a natural 
ingredient found in the tobacco 
tree and at low doses, it improves 
memory and concentreation, 
while decreasing appetite 
and increasing metabolism.  
At higher doses, nicotine provide 
a calming effect – reducing 
pain, and could cause respiratory 
paralysis. Nicotine is highly addictive and  
long-term use is associated with certain 
types of cancers, especially lung cancer.  
Additionally, tobacco use is considered a leading preventable cause of 
death and disability in North America. 

Prescription stimulants  — Prescription stimulants 
are classified as Schedule III drugs under the 

Controlled Drugs and Substances Act (CDSA).  
The common prescription stimulants include 
Amphetamines (e.g. Adderall® and Dexedrine®) 
and methylphenidate (e.g. Ritalin® and Concerta®). 
When used as prescribed, these drugs should 

be safe but seeing as these drugs are in the 
same class of drugs as cocaine and meth, it is 

not surprising that these agents could also be 
highly addictive. As a matter of fact, both prescription 

stimulants and cocaine act on the same parts of the brain,  
causing similar effects of euphoria, as well as increased risk of abuse and addiction. 
Prescription stimulants are the most frequently abused drugs among young adults 
and teenagers (ages 15 – 24). Overdose of prescription stimulants is associated with  
restlessness, tremors, overactive reflexes, rapid breathing, confusion, aggression, 
hallucinations, panic states, abnormally increased fever, muscle pains and weakness. 
Consumers also may have heart problems, including an irregular heartbeat, leading to 
a heart attack, nerve problems that can lead to a seizure, abnormally high or low blood 
pressure, and circulation failure. Additionally, overdoses can result in convulsions,  
comas and fatal poisoning.   

Caffeine — most widely used and accepted 
stimulant in the world. Coffee, tea, chocolate, 
soda, candy, energy drinks all contain 
caffeine. Although this is widely used in many 
consumer goods, caffeine is also physically 
addictive. High caffeine intake is associated 
with sleep interruptions, restlessness, and 
cardiac arrest and withdrawal symptoms 
from lack of caffeine include headaches, 
fatigue and irritability.

Methamphetamines — “Meth” and other 
amphetamine abuse is becoming a 
worldwide epidemic, soon scheduled 
to overtake cocaine use. This is a highly 
addictive stimulant extremely addictive and 
repeated use is associated with long-term 
damage to dopaminergic and serotonergic 
fiber pathways, destruction of brain tissues, 
leading to brain damage.

Cocaine — This powerfully addictive stimulant is 
made from the leaves of the cocoa plant, 

native to South America; it was used legally 
in the late 1800s for the treatment of 

psychological disorders, this agent is 
now illegal in all parts of this world.  
In the 1900s, cocaine was still legal 
in the US and was a part of many  
over-the-counter medications. 

When the US cocaine crisis began in 
the 1970s, it was not taken seriously; 

the running joke at the time was that 
“cocaine is God’s way of telling you that you 

have too much money”. Initially, health care 
practitioners mistook the powerful stimulant 

properties of cocaine for a cure for depression, 
morphine addiction, chronic tuberculosis and a range of other illnesses. In fact,  
cocaine was the major active ingredient in many popular medicines and beverages,  
including the original Coca-Cola formulation. It is  one of the more commonly used illegal 
drugs in North America. This compound effectively increases the levels of dopamine 
in the brain, preventing the recycling of dopamine and strongly reinforcing drug-taking 
behaviours. Cocaine is highly addictive and is most commonly associated with nosebleeds, 
respiratory distress and higher risks of respiratory illnesses, severe bowel decay, overdose 
and death, especially when contaminated with other drugs/stimulants like fentanyl.
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Natural stimulants — Nature is a great resource of medicinal herbs. It is also the source of 
poisonous compounds, therefore, it is incorrect to assume that nature = safe always.

Cocaine and nicotine are examples of natural stimulants, seeing as they are found in the 
leaves of cocoa and tobacco respectively. Caffeine is also a natural stimulant from the 
coffee beans, guarana seeds etc; ephedrine is a stimulant from the herb Ephedra. Although 
these compounds are naturally sourced, powerful stimulants, the potential for addiction, 
adverse events, overdose and possibly death, especially with cocaine and nicotine use, is a 
concerning deterrent to use. 

Although there are stimulants from nature that have potentially serious adverse effects 
as well as legal concerns, there are also natural stimulants that have the positive effects 
of brain/CNS stimulation, without the addictive effects or potential for serious adverse 
effects commonly associated with cocaine and nicotine. Natural stimulants, in most 
cases, are considered non-stimulant thermogenic agents, as they are able to provide the 
benefits of thermogenesis and stimulation, without significant stimulation of the CNS, 
thereby reducing the potential for addiction and some of the common adverse effects 
associated with stimulant use.  Below is a summary of non-toxic, natural products that have 
a stimulating effect on the central nervous system of human beings.

Panax Ginseng  (Panax quinquefolius) is a perennial 
herb that grows in regions of North America and 
Asia, with cognitive improvement properties. 
Its distinct ginsenoside profile has shown 
benefits in pre-clinical and clinical models 
of human cognition. Human clinical studies 
have shown an improvement in working 
memory performance, reaction times and 
disease (especially cancer) related fatigue 
in several clinical studies. Additionally, 
the combination of panax ginseng and 
ginkgo biloba has been shown to improve 
different aspects of cognitive performance.  
A randomised placebo-controlled, double-
blind, balanced, cross-over design showed  
that ginseng improved the speed of performing memory tasks and the accuracy of 
attentional tasks. The combination group showed improved cognitive markers, at later 
testing sessions, as well as improvement in self-rated moods were observed. 

Ginsenosides have a general stimulatory effects on the brain, so it is not surprising that 
studies show that ginseng supplementation has also been shown to improve scores 
of social functioning and markers of mental health, as well as cognitive performance 

Cordyceps, unlike many herbal 
products, does not contain caffeine.  

Instead, cordycep sinensis 
and militaris are packed full of 
antioxidants, beta-glucans and other 

phytochemicals that support physical 
and mental energy. Cordyceps is also 

a known adaptogen, which increase the 
body’s capacity to handle stress  

and improve performance.

Ginkgo biloba is a staple in many 
traditional medicines, especially 
traditional Chinese medicine (TCM). 
This herb is purported to help enhance 
cognitive function, especially in adults. 
The Health Canada monograph for 
this herb specifies that Ginkgo can 
help enhance cognitive function and 
memory, based on clinical evidence.  
Ginkgo improves memory and recognition 
in clinically relevant cognitive human 
models, as well as alleviating symptoms of 
anxiety in people with and without mental 
decline. Ginkgo also modulates GABA 
levels for the improvement of anxiety 
symptoms, improves mental processing 
and reduces stress related symptoms and 
cortisol. Some studies show that ginkgo 
can increase blood flow to the brain for 
enhanced global cognitive function.

during sustained mental demands. Ginsenosides stimulate the release of glutamate in 
the brain, increase levels of dopamine and noradrenaline, neurotransmitters that have 
antidepressant activities. In cell culture experiments, ginsenosides have been shown to 
increase neuronal stem cell proliferation and aid in recovery after neuronal injury.
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Green tea  contains caffeine,  
but also other phytochemicals like 
L-theanine, which crosses the  
blood brain barrier to boost the  
levels of GABA (Gamma aminobutyric 
acid) and serotonin, which in 
turn reduces anxiety. Green tea 
has been studied for its role in 
improving attention span, focus 
and cognitive performance and 
these effects are attributed to the 
stimulant compounds provided by 
this beverage/plant, including caffeine,  
L-theanine and the polyphenol 
epigallocatechin gallate (EGCG). The effects 
of the compounds are better, when used in 
combination with each other, hence the benefit of 
drinking a whole tea extract, compared to the individual compounds on their own.

Adaptogens  like Rhodiola rosea, Eleutherococcus 
senticosus (Siberian ginseng) and Schisandra 

chinensis are well known and are present in  
various supplements.

Clinical trials show that adaptogens 
are able to exert anti-fatigue effects 
that increase mental work capacity 
against stress and mental exhaustion.  

Adaptogens exhibit neuroprotective, 
anti-fatigue, anti-depressive, anxiolytic, 

nootropic and CNS-stimulating 
activity. These effects of adaptogens are 

attributed to their ability to regulate 
homeostasis by mechanisms that target the 

hypothalamic-pituitary-adrenal (HPA) axis (HPA) and key 
regulators of stress response. All three of the aforementioned herbal products have  
CNS-stimulating effects, leading to enhanced physical and cognitive performance  
(in learning and memory) in animal models. In human clinical trials, all three herbs improve 
symptoms of physical and mental fatigue. However, in contrast to conventional stimulants 
like cocaine, caffeine and nicotine, these adaptogens do not possess addictive, tolerance 
or abuse potential and they do not impair mental functions, deplete energy or lead to 
psychotic symptoms, with long-term use.

Bacopa monnieri, is commonly 
known as water hyssop and is a 
common herb used in Ayurvedic 
medicine. Bacopa is an adaptogen 
and a nootropic agent that has 
been shown to improve cognition, 
reduce anxiety and improve 
memory formation by promoting 
neuronal communication and 
interacting with dopaminergic 
and serotonergic systems.  
Bacopa improves memory in  
people with healthy cognition 
and during cognitive decline, 
prevents a rise in anxiety and 
has anti-depressant activities. 
Clinical evidence shows that 
supplementation with bacopa 
is associated with improved 
attention, cognitive processing and 
working memory. In addition, more 
studies are showing the benefits of  

bacopa supplementation in children with ADHD. These studies show a reduction in 
ADHD symptoms, including restlessness, improved impulse control, learning problems, 
impulsivity, improved attention and other exhibited psychiatric problems. These are 
important findings, especially in children with ADHD, as they show that there can be 
symptom improvement without addiction and abuse concerns, when using bacopa. 

Outside of herbal source of stimulants, there are common things that can be added to our 
daily regimen to improve stimulation of the CNS and cognitive function, as well as reduce 
both physical and mental fatigue.

Get enough sleep, as proper sleep (adults need 
seven to eight hours per night) prevents sleep 
deprivation, which is a common contributing factor 
for certain chronic conditions, including depression 
and chronic fatigue syndrome.
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Multivitamins like B vitamins  
and Vitamin D are shown to be 

deficient in some cognitive functioning 
and insomnia. Adding these to daily 

regimen can help stimulate cognitive 
health and function.

Exercise’s effects on circadian rhythm, 
central metabolism, cardiovascular 
function, stress responses in the brain 
stem and hypothalamic pituitary axis,  
and movement have been studied by 
various research groups. The evidence 
shows that exercise can induce 
physiological and molecular changes 
in neuronal function that can help 
with promoting recovery in psychiatric 
and neurological health conditions.  
Some studies have shown that leg 
exercises are critical for brain and nervous 
system health, which are dependent on 
signals sent by the leg muscles to the 
brain. In one of the studies published, 
the researchers show that patients 
who are bed-ridden or in situations 
that cause them to lose muscle mass, 
there are alterations at the cellular 
level, with adverse impacts on the  
nervous systems.

The above are natural, non-invasive, non-addictive stimulants that can 
be used in place of, or added to conventional therapy, with the advice or 
oversight of a qualified health care practitioner, in order to promote the 

cognitive health benefits of CNS stimulation without the negative adverse 
effects that are, in many cases, associated with conventional stimulants.
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Stimulants, in many cases, have structural similarities to endogenous compounds, 
including neurotransmitters that have direct activity on the central nervous system. 
Stimulants, especially psychostimulants, do not have true receptors in the CNS. They bind 
to sites on dopamine transporter and blocks reuptake of monoamine, while also inhibiting 
the activity of MAO. 

Stimulants generally increase the availability of both dopamine and norepinephrine in 
the prefrontal cortex, which leads to an enhancement of the efficiency of information 
processing at pyramidal neurons, making stimulant drugs appropriate for people with 
specific conditions like obesity, narcolepsy and ADHD. Stimulants tend to have an 
immediate release profile, with action beginning 30 to 45 minutes after ingestions (oral). 
In the case of smoking, inhalation, the effects can be felt much faster. The effect of the 
stimulants usually peaks in one to two hours and fades away over three to five hours. 

The general mechanism of action of stimulants include:

1. Binding to extracellular catecholamine and neurotransmitter receptors  
and transporters

2. Inhibiting monoamine (dopamine, norepinephrine, serotonin) reuptake

3. Release of catecholamines from neurons

4. Inhibition of monoamine oxidase  
(the enzyme involved in breaking down monoamine neurotransmitters)

Specific examples of stimulants and their role in CNS stimulation include;

Methyxanthines, which includes theophylline from tea, theobromine and caffeine from 
coffee beans and teas. These agents work by:

• Inhibit phosphodiesterase enzymes, which lead to an increase in cyclic adenosine 
monophosphate (cAMP) and cyclic guanidine monophosphate (cGMP) in the 
tissues. This increases calcium in the CNS and heart, while decreasing calcium in  
smooth muscles.

• They act as antagonists against adenosine receptors (A1, 2 and 3). This could explain 
many of the cardiac effects observed with the consumption of these agents. Responsible 
for CNS stimulation and smooth muscle relaxation.

• Caffeine works to inhibit adenosine receptors, thereby reducing sensation of drowsiness 
and increasing energy levels. Caffeine acts predominantly as a competitive inhibitor 
of phosphodiesterase, which is responsible for the breakdown of cAMP, an important 
second messenger in mammalian cells and responsible for the energetic status. 
Caffeine also binds to adenosine A1 and A2a receptors which in turn increases cAMP 
and the activity of protein kinase A, which is directly associated with CNS stimulation. 
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Figure 2. The role of neurotransmitters in the Central Nervous System and the effects of Stimulant use of alertness, 
concentration and satisfaction. Adapted from Arnsten and Pliszka 2011; Clark and Noudoost 2014 

Nicotine stimulates sympathetic and 
parasympathetic ganglia, leading 
to an increase in blood pressure, 
heart rate and motor activity of the 
bowel. Nicotine is highly lipid soluble, 
crosses the placental membrane 
and is secreted with milk – 90% of 
inhaled nicotine is absorbed.

Figure 1. Mechanism of Action of Stimulants
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Cocaine blocks the reuptake of 
monoamines – norepinephrine, serotonin 

and dopamine, thereby potentiating 
and prolonging the effects of these 

neurotransmitters on the CNS and PNS.  
Produces intense euphoria by 
prolonging dopaminergic effects in the 

brain’s pleasure system. Chronic cocaine 
intake depletes dopamine.

Amphetamines act by releasing intracellular stores of catecholamine and serotonin, 
inhibiting MAO; blocks reuptake of NE and DA. This leads to a release and enhancement of 
norepinephrine and dopamine. Amphetamine stimulate the entire cerebrospinal axis,  
brainstem and medulla.

Methylphenidate drugs block the 
dopamine and norepinephrine 
transporters, along with the inhibition 
of their reuptake, thereby prolonging 
their presence in the synapses and 
amplifying their effects.

Coleus forskohlii  efficiently activates the enzyme adenylate cyclase, which is 
responsible for the production of cAMP. The active ingredient in this herb is forskolin and 
it has been studied for its effect in inducing thermogenesis, through beta-receptors and 
increase of cAMP. 

Green tea   contains caffeine. In most cases, 
the amount of caffeine is negligible but it 

can still produce CNS stimulating effects. 
The amount of stimulation corresponds 

with the amount of caffeine.  
Green tea is also believed 
to increase thermogenesis 
and fat oxidation and this 

effect is attributed to the 
catechins, including epicatechin 

(EC), epicatechin gallate (ECG), 
epigallocatechin (EGC) and 

epigallocatechin gallate (EGCG).  
The catechins in green tea are also 

believed to inhibit the enzyme catechol-0-
methyl transferase, which is responsible for the degradation of catecholamines, 
like norepinephrine. These effects are milder than conventional stimulants, thereby 
preventing the immediate high, as well as addictive behaviours and adverse effects.

THE FLAVONOIDS, CAROTENOIDS AND ISOFLAVONES IN MANY PLANTS ARE 
BELIEVED TO ENHANCE MITOCHONDRIAL BIOENERGETICS, ATP PRODUCTION, 

FATTY ACID OXIDATION AND THERMOGENESIS. 
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Epigenetics, the heritable 
changes in gene expression 
or phenotype, comprises of 
DNA and histone modification 
(including acetylation, methylation, 
ubiquitylation, phosphorylation, 
sumoylation, ribosylation and 
citrullination), which alters gene 
expression without changing 
the actual DNA sequence.  
Epigenetic changes can lead to 
activation or silencing of certain 
genes, enabling organisms to 
express only the genes that are 
necessary for activity. In most 
cases, these epigenetic changes 
occur during the organism’s lifetime 
but in some cases, the epigenetic 
changes can be transmitted to 
the offspring, thereby resulting 
in longer-term effects, and in 
some cases, could be responsible 
for chronic diseases, including 
cancers, autoimmune diseases,  
mental disorders, diabetes etc. 

Epigenetic changes can be caused 
by DNA damage, development in 
utero and childhood, environmental factors, pharmaceutical agents, aging and diet.  
Stimulants are now believed to affect DNA methylation and histone modification status 
in the brain, which may help further explain the mechanism of abuse and addictions.  
Acetylation is the addition of an acetyl group to a specific site on a histone, allowing 
unwinding and easier access to promoter regions, thereby increasing gene expression.  
In the case of methylation, one or more methyl groups is added in a reversible manner 
onto the histone or DNA region, resulting in a change in the pattern of gene expression. 

Due to the effect of stimulants on monoamine (dopamine, serotonin and norepinephrine) 
release, it is not out of the realm of possibilities that distinct molecular adaptations 
might occur in response to different stimulants. Several animal studies have shown that 
cocaine administrationis associated with histone acetylation, with a hypothesis that 
methamphetamine addiction/use has a similar mechanism of action. This hypothesis was 
confirmed by experiments with treatments of stimulant ± histone deacetylase inhibitors 
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(HDACi), like valproic acid (VPA) and butyric acid (BA).  
These studies show that HDACi diminished 
locomotor activity, caused by stimulant treatment. 
These studies show that some stimulants, 
specifically amphetamine and methamphetamine 
cause acetylation of histones, leading to increased 
gene expression of the acetylated histones;  
HDACi can prevent or attenuate this acetylation, 
as well as the downstream hyperactivity caused 
by the stimulants. In animal studies, amphetamine 
has been shown to increase acetylation of H4 
histones, leading to an increase the expression of 
the c-fos promoter – this is especially important to 
note, as c-fos is a proto-oncogene that is generally 
expressed within neurons after depolarization; it is 
used as a biomarker for neuronal activity following 
exposure to harmful stimuli. Care must also be 
taken with the use of HDACi; this is because chronic 
administration of specific HDACi, in the presence of 
certain stimulants, can potentiate the activities of 
the stimulants, especially amphetamine.

Histone and DNA methylation have also been 
observed in the nucleus accumens of rats 

treated with stimulants, especially methamphetamine and amphetamines, as well as 
in cocaine addiction. In contrast to acetylation, methylation can be associated with 
both increased and decreased gene expression. Acute and chronic administration of 
these stimulants cause changes the levels of DNA methyl transferase (DNMT) enzymes,  
of which, there are three subtypes in mammals. Stimulants can also lead to the 
recruitment of Methyl CpG-binding protein-2 (MeCP2), a protein that has been previously 
shown to be important in learning and memory formation and recently an important 
modulator of addiction. This recruitment is known to occur following DNA methylation in 
rodent models. 

Studies have shown that epigenetic alterations caused by stimulant use can be transferred 
to offsprings and is likely to increase the risk of developing a substance use disorder 
later in life, and in the progeny. Specifically, amphetamine and methamphetamine abuse 
can cause a dysregulation in the normal synthesis of neurotransmitters – dopamine, 
norepinephrine and serotonin, which can result in the development of addictive 
behaviours. Additionally, susbtance absue – specifically, stimulant abuse is associated 
with deficits in memory and acceleration of age-related health problems. 

Diet and supplementation can be useful in countering some of the epigenetic effects of 
stimulants. One study shows that methionine, an amino acid commonly found in diet and 
in some supplements, can reduce the rewarding and motivating effects of stimulants,  
like cocaine, in animal models through methylation. Most of the work done on these types 
of studies have looked at cocaine as the stimulant. It would be worthwhile to evaluate if this 
effect is universal with all stimulants and what other natural products/dietary interventions 
can be used to reverse or attenuate the effects of stimulants on gene expression. 

https://commonfund.nih.gov/epigenomics/figure
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Age-old question – coffee or tea, which one is better for your health? Both beverages have 
massive loyal drinkers but if you ask one group, they can always dig up enough evidence to 
convince you that their beverage of choice is much healthier for you. 

Both coffee and teas are chock full of phytochemicals that can be beneficial to the body 
when consumed in adequate amounts. At the same time, both beverages are claimed 
to have some adverse effects. For instance, coffee consumption is associated with 
addiction, due to the caffeine content, while tea over-consumption, specifically green 
and black tea is raising the concern of liver toxicity. Although the concerns for tea and 
coffee consumption exist, it appears that the benefits outweigh the toxicity. Let us start 
with the benefits of Tea (Camellia sinensis):

TEA AND CANCER:

Types of teas are based on the processing 
or harvesting of the tea leaves.  
Black tea is fermented, while green tea is  
non-fermented and oolong is  
semi-fermented. The age of the tea 
leaves, exposure to elements and other 
processing contribute to the differences 
between teas. It should be noted that 
all of the above also contributes to 
differences in phytochemical composition. 
Both caffeinated and decaffeinated teas 
contain phytochemical including antioxidant 
and polyphenol compounds that have been studied 
for their roles in cancer, cardiovascular diseases, bone health and cognitive health.  
Preclinical, clinical, prospective and observation studies show that the phytochemicals 
in green tea are associated with a decreased risk in cancer development and progression. 
Green tea and black tea consumption is associated with a decreased risk in the occurrence 
of endometrial cancers, based on evidence published in a systematic review and meta-
analysis of large population-based clinical trials. Another meta-analysis indicates that 
high tea consumption is inversely correlated with the risk of colorectal cancers. This study 
looked at all tea sources and showed that all tea consumption was inversely associated 
with a decreased risk of colorectal cancer, although green tea consumption had a more 
significant effect. Green tea consumption is also inversely associated with the risk of 
prostate cancers, skin cancers, lung cancers and breast cancer in human studies. This is 
not surprising, as tea polyphenols and catechins have antioxidant and anti-inflammatory 
activities, where oxidative stress and inflammation are very closely linked with the 
development and progression of many cancers, as well as many chronic diseases. 
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TEA AND CARDIOVASCULAR HEALTH:

Tea’s benefits in cardiovascular health cannot be overstated. Many studies have been 
published to show the benefit of tea conumption in potentially reducing the risk of 
cardiovascular diseases. Many of the available studies focus on green tea consumption 
and cardiovascular health benefits. Systematic reviews and meta-analysis of clinical 
studies show that green tea consumption is associated with reductions in body mass index 
(BMI), blood pressure and plasma lipid levels. These same types of studies show that high 
green tea consumption is also associated with a decreased incidence of stroke subtypes,  
cerebral infarction, overall cardiovascular disease and all cause mortality. Studies looking at 
other sources of teas also show a similar relationship between the consumption of teas and 
the incidences of strokes, with green and black tea consumption having the highest effects. 

The antioxidant and anti-inflammatory activities of tea beverages are associated with 
a reduced risk in the incidence of type II diabetes. Large prospective and retrospective 
cohort studies suggest that long-term consumption of tea (black, green and oolong)  
and coffee, comparable to over six cups of tea and three cups of coffee per day respectively 
was associated with a 33% reduction in risk of type II diabetes in the green tea and  
coffee groups. 

The effects of tea consumption on cardiovascular health can be exerted through multiple 
mechanisms that include:

• Antioxidant benefits to scavenge free radicals that can cause DNA and protein damage, 
as well as lipid peroxidation

• Tea catechins have been shown to inhibit the key enzymes that are involved in lipid 
biosynthesis and reduce intestinal lipid absorption, thereby improving blood lipid profiles

• Catechins have been studied for their ability to regulate vascular tone by activating 
endothelial nitric oxide for vasodilation

• Catechins have also been shown to precent vascular inflammation, which is a risk factor 
for atherosclerosis, while inhibiting the growth and proliferatoin of vascular smooth 
muscle cells, which are factors involved in the formation of plaques in the arteries

• Catechins also suppress platelet adhesion, thereby inhibiting thrombogenesis or  
clot formation

TEA AND COGNITIVE HEALTH:

Although genetic and lifestyle factors play 
a role in the development of cognitive 
related diseases, recent research has 
made it clear that efficient treatment 
for cognitive health is still a far cry from 
what it should be in 2020. Studies are now 
suggesting that the consumption of simple 
tea beverages might be an avenue worth 
pursuing when it comes to our cognitive 
health. Studies have shown that black tea 
consumption is associated with a reduced 
risk in the incidence of Parkinson’s disease.  
This effect was associated with the higher 
caffeine content of black tea,compared to 
green tea, which did not show much effect 
on the risk/incidence of Parkinson’s disease. 
In addition, a combination of coffee and tea 
consumption has an increased protective 
effect on patients at increased risk for Parkinson’s disease. 

In generally healthy populations, with or without mild/moderate cognitive impaiment,  
green tea consumption and supplementation is associated with improved cerebral 
blood flow, increased working memory, improvement in task performance and general 
improvements in cognitive performance. Higher green tea consumption is also associated 
with a lower prevalence of cognitive impairments.
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Tea consumption has been associated with many more health benefits, including a 
reduction in all cause mortality and bone health, especially in patients with osteoporosis; 
however, more properly designed clinical evidence is needed to confirm these benefits. 

Now what about coffee? This is one of the most popular beverages worldwide. Most people 
drink coffee due to the presence of caffeine, which stimulates the central nervous system, 
thereby waking you up in the morning, or when feeling sleepy. However, coffee does not 
only contain caffeine; as with all plants, there are numerous phytochemicals present in the 
coffee plants (Coffea arabica and Coffea canephora). Coffee consumption and its health 
benefits have been studied repeatedly, with studies showing a general trend in reduction 
in all cause mortality, certain cancers, type II diabetes and Parkinson’s disease associated 
with moderate consumption. Coffee also contains essential nutrients including riboflavin, 
pantothenic acid, manganese, potassium, magnesium and niacin. 

COFFEE AND ENERGY:

As discussed above, caffeine, one of the main constituents in coffee, is a stimulant.  
It works by increasing the levels of monoamines – dopamine, serotonin and norepinephrine  
– in the brain. This stimulates the CNS to improve mood, alertness and performance.  
Coffee consumption is associated with alertness, increased time 
to sleep onset and a can decrease sleep quality, especially if 
consumed before bedtime. Due to its stimulant qualities, it 
is not surprising that excessive consumption of coffee and 
caffeine are associated with risks of dehydration, anxiety, 
headaches and sleep disturbances, so care should be 
taken when trying to balance out the benefits of coffee  
against overconsumption. 

COFFEE AND CARDIOVASCULAR HEALTH:

Due to the content of caffeine in coffee and the 
potential for caffeine overconsumption, there 
is a valid concern that coffee consumption can 
increase blood pressure, as well other markers 
of cardiovascular diseases. Researchers have 
aimed to determine if this is a valid concern. 
A meta- analysis looking at all the studies 
published between 1966 and 2011 showed an inverse 
relationship between coffee consumption and the risk 
of strokes. Although the authors conclude that there was 
weak inverse relationship, it was also concluded that coffee 
consumption did not increase the risk of strokes in the study 
populations. A follow up cohort study in Japan, with a 13-year mean 

follow up showed that coffee consumption, along with green tea consumption, 
three to six times weekly was associate with a reduced risk of cardiovcascular 
disease, cerebral infarction and stroke subtypes. Moderate coffee consumption  
(one to four cups per day) is associated with a significantly decreased risk of coronary  
heart disease. These results all suggest that moderate coffee intake has heart related 
benefits. Higher coffee intake (> four cups per day) is not associated with this benefit. 

Long term, moderate coffee consumption, alone and in combination with tea beverages,  
is associated with a decrease in the incidence of type II diabetes, in humans with normal and 
abnormal glucose tolerance. These studies also show a decrease in BMI and hypertension, 
with the combination group having a significant benefit over the individual beverages 
on their own. Some studies are conflicting on whether the source of tea matters when 
evaluating the effect of tea consumption on type II diabetes, while others have determined 
that caffeinated teas, including black and green tea, in combination with coffee can reduce 
the risk of type II diabetes. 

COFFEE AND COGNITIVE HEALTH:

Alzheimer’s and Parkinson’s diseases are two of the most common 
neurodegenerative diseases worldwide and other mental health 

conditions severely impact the quality of life of patients, caregivers, 
family and friends. 

Researchers have shown that caffeine consumption, through 
coffee and tea beverages (100 mg to 550 mg per day) is 

associated with a reduction in depression risk, as well 
as a strong reduction in suicide risk. Meta-analysis 

and systematic reviews of available research 
does suggest that moderate, daily tea and coffee 
consumption might be helpful in reducing the risk 
of Parkinson’s disease; however, more research is 

needed to quantify how much risk reduction there is 
and if any other lifestyle factors or genetics play a role 

in this effect. Some of the studies show a U-shaped 
relationship, where low and high doses of caffeine are 

associated with an increase in risk of Parkinson’s disease, 
especially in women, while a moderate consumption 

is associated with the largest risk reduction observed. 
Although more studies are needed to confirm the benefits 

of caffeine on cognitive health, current research points 
towards a positive association between caffeine consumption 

and reduced cognitive impairment and cognitive decline. 
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COFFEE AND CANCER:

Cancer is one of the leading causes of death worldwide and the conventional treatment 
options are limited in their efficacy, due to some of the severe side effects that are 
associated with them. Some studies suggest that coffee might have a protective 
effect against certain cancers. Studies suggest that moderate coffee consumption is 
associated with a lower risk of colon cancer, liver cancer, non-melanoma skin cancer and 
endometrial cancers. 

So which is better? The answer as you can see is not that simple. Both beverages contain 
enough active phytochemicals to produce health benefits and while caffeine can be 
addictive to some people, as it stimulates the central nervous system; tea also contains 
caffeine, albeit in less amounts than coffee. If concerned about some of the adverse 
effects of caffeine, a person can consume tea instead or decaffeinated beverages. 
In addition, research has shown that moderate consumption of both beverages are 
relatively safe. In addition to the aforementioned benefits, tea also contains antibacterial, 
anti-inflammatory, and antiviral benefits due to its polyphenol and antioxidant content. 

And for those who do not discriminate between tea and coffee, you might be in luck. 
Some research suggest that daily consumers of both tea and coffee have a 30-50% 
lower risk of type II diabetes and death compared to people who drink coffee exclusively.  
Both beverages have also been claimed to have anti-aging benefits, which may be  
cheaper than some of the anti-aging creams and lotions on the market. Go forth and  
get your drink on!

Self Nutrition Data: https://nutritiondata.self.com/facts/
beverages/3898/2
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