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ABSTRACT:-

Cholinoceptors are specialized proteins observed on the surfaces of the cells. They give response to
acetyl choline, a neurotransmitter that transmits signals especially across the synapses in the nervous
system. Cholinoceptors play a role in transmitting messages between nerve cells and other types of cells
namely muscle cells. Cholinoceptors are divided into nicotinic receptors and muscarinic receptors. Nicotinic
receotors consist of five subunits. Nicotinic receptors play an important role in synaptic in the nervous
system and these receptors are participated in muscle contraction, cognitive functions, memory and
attention. Drugs that target nicotinic receptors are used for smoking cessation aids and treatments for
neuro degenerative diseases like alzheimers. Muscarinic receptors consist of five subtypes namely M1,
M2, M3, M4 and M5 receptors. Muscarinic agonist can be used to enhance salivary and bronchial
secretions. Muscarinic antagonists are used to treat overactive bladder and certain gastro intestinal
disorders. Finally it is concluded that cholinoceptors are fundamental components of the cholinergic
signalling system and regulate vital bodily functions from muscle contractions to cognitive processes.
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INTRODUCTION:-

Cholinoreceptors play a significant role in the intricate web of communication within the human body.
These receptors are integral components of the cholinergic signaling system, a key player especially in regulating
many physiological processes. In this article, we’ll provide the more information regarding cholinoreceptors,
exploring their types, functions, and significance in maintaining the body’s equilibrium.
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l.Introduction to Cholinoreceptors:

Cholinoreceptors, also termed as cholinergic receptors, are specialized proteins found on the surfaces of
cells. They respond to acetylcholine, a neurotransmitter that transmits signals across the synapses particularly
in the nervous system. Cholino receptors are vital for transmitting messages between nerve cells and other
types of cells namely muscle cells.

2.TYPES OF CHOLINOCEPTORS:-

Cholinoreceptors, also referred as cholinergic receptors, are categorized into two main
types: nicotinic receptors and muscarinic receptors.

Nicotinic receptors:

Nicotinic receptors are a type of neurotransmitter receptor found in the nervous system. They are
named after nicotine, a substance observed in tobacco plants that can stimulate these receptors.

STRUCTURE:-

Nicotinic receptors are ligand-gated ion channels composed of five subunits. Each subunit consists of
four trans membrane domains. There are multiple subtypes of nicotinic receptors, categorized based on the
subunit composition.
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Nicotinic receptors are seen in various subtypes, including neuronal (found in the nervous system) and
muscle-type (found at neuromuscular junctions). Neuronal subtypes have diverse compositions, influencing
their functional properties and locations in the nervous system. Activation:

When acetylcholine (Ach), a neurotransmitter, binds to the receptor’s binding sites, it is responsible for
the occurrence of a conformational change in the receptor, leading to the opening of the ion channel. This
permits the influx of positively charged ions namely sodium and calcium, which causes an action potential in the

postsynaptic neuron.
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Function:

Nicotinic receptors play an important role in synaptic transmission in the nervous system. They are
participated in processes such as muscle contraction, cognitive functions, memory, and attention. Activation of
these receptors can lead to the release of other neurotransmitters, influencing communication between
neurons.

Pharmacology:

Nicotine, the active component of tobacco, is an agonist of nicotinic receptors. It can stimulate these
receptors, leading to a release of dopamine and a pleasurable sensation. Nicotine addiction is related to the
activation of these receptors.

Medical Implications:

Nicotinic receptor dysfunction results in various neurological and neuromuscular disorders. Drugs that
target nicotinic receptors are used for medical purposes, including smoking cessation aids and treatments for
neuro degenerative diseases like Alzheimer’s.

Research and Future Directions:

Research on nicotinic receptors continues to uncover their roles in health and disease. Developing
specific drugs that modulate these receptors could lead to new treatments for a wide range of conditions, from
cognitive disorders to addiction.

Nicotinic receptors are fundamental components of the nervous system, with multiple roles in neuro
transmission, cognition, and muscle function. Understanding their structure and function provides insights into
both normal physiology and potential therapeutic interventions.

Muscarinic Receptors

Muscarinic receptors are a type of G protein-coupled receptor (GPCR) observed in the central and
peripheral nervous systems. They are stimulated by the neurotransmitter acetylcholine. There are five subtypes
of muscarinic receptors: M1, M2, M3, M4, and M5. These receptors play a significant role In multiple
physiological processes and are targeted by both therapeutic drugs as well as toxins. Subtypes of Muscarinic
Receptors:

M1 Receptor:

Mainly found in the central nervous system. Involved in cognitive processes, learning, and memory.
Activation results in an enhanced phospho inositide hydrolysis and intra cellular calcium release.

M2 Receptor:

Predominantly seen in the heart and smooth muscle. Mediates inhibitory effects on cardiac function
and heart rate.

Stimulation decreases cAMP levels and modulates potassium channels.
M3 Receptor:

Present in various glands as well as smooth muscles. Mediates secretory processes and smooth muscle

contraction. Activation leads to phospho inositide hydrolysis and calcium release. M4 Receptor:
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Found in the brain and to a lesser extent especially in peripheral tissues. Plays an important role in
cognitive and motor functions. Activation can modulate neurotransmitter release.

M5 Receptor:

Primarily located in the brain and some peripheral tissues. Involved in neuronal
signaling as well as neurotransmitter release.

Activation influences intracellular calcium levels and cAMP signaling.
Functions and Signaling:

Activation of muscarinic receptors triggers intra cellular signaling pathways via G
protein coupling. These pathways can result in multiple cellular responses, including changes in ion channel
activity, neurotransmitter release, and gene expression. The specific response depends on the receptor subtype
and the tissue in which it’s activated.

Clinical Relevance:

Muscarinic receptor agonists and antagonists are used in medicine to treat various
conditions. Agonists can be used to increase salivary and bronchial secretions.

Antagonists (anti cholinergics) are used to treat conditions like overactive bladder and certain gastrointestinal
disorders.

Toxicological Implications:

Some toxins, like those produced by certain plants and animals, can interact with muscarinic receptors,
causing harmful effects. Poisoning by muscarinic agonists or antagonists can lead to the occurrence of multiple
symptoms influencing the nervous, cardiovascular, and gastrointestinal systems.

In conclusion, Muscarinic receptors are a group of GPCRs activated by acetylcholine. They consist of five
subtypes (M1 to M5) with distinct tissue distributions and functions. These receptors play significant roles in
many physiological processes, and their manipulation through drugs or toxins has both therapeutic and
toxicological implications.

3.Cholinergic Signaling Pathways:

Cholinergic signaling leads to the occurrence of a series of events: Acetylcholine is released from a
presynaptic neuron. Acetylcholine binds to cholino receptors on the postsynaptic cell. Based on the type of
cholinoreceptor, different intracellular responses are activated. This results in multiple physiological effects,
like muscle contraction, heart rate regulation, and digestion.

4.Functions of Cholinoreceptors:
Cholino receptors control a wide range of bodily functions:
Neuromuscular Junction:

Cholinoreceptors, specifically nicotinic acetylcholine receptors (nAChRs), play a significant role at the
neuromuscular junction. They are responsible for receiving acetylcholine (ACh) released by motor neurons and
transmitting signals to the muscle fibers resulting in muscle contraction. This process leads to the occurrence of
depolarization of the muscle cell membrane, which triggers the release of calcium ions and initiates muscle
contraction.
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Autonomic Nervous System:

Cholinoreceptors are receptors that respond to the neurotransmitter acetylcholine. They play an
important role in the autonomic nervous system, which regulates involuntary bodily functions. There are two
main types of cholinoreceptors: nicotinic and muscarinic.

Nicotinic Receptors:

These receptors are seen on both postganglionic neurons of the sympathetic and parasympathetic
nervous systems and at the neuro muscular junction. Activation of nicotinic receptors results in the transmission
of nerve impulses, causing muscle contractions and the release of neurotransmitters.

Muscarinic Receptors:

Muscarinic receptors are predominantly seen on effector organs, namely the heart, smooth muscles,
and glands. They are further categorized into subtypes (M1 to M5) and play a role in multiple functions:

M1: Found In the central nervous system and these receptors activate cognitive functions and memory.
M2: Located in the heart, they control heart rate and contraction strength.
M3: Found in smooth muscles and glands, they mediate glandular secretions and smooth muscle contractions.

M4 and M5: Also present in the central nervous system and their functions are less well understood. Overall,
cholino receptors help regulate heart rate, digestion, glandular secretions, and other involuntary processes by
responding to acetylcholine released by preganglionic neurons particularly in the autonomic nervous system.

Cognitive Functions:

Play a crucial role in cognitive functions namely memory, attention, learning, and overall cognitive
performance. Activation of cholinoreceptors enhances neural communication, which can result in an improved
cognitive processes. These receptors are particularly important in the brain's_hippocampus and prefrontal
cortex, areas associated with memory formation and higherorder thinking. Dysfunction of cholino receptors has
been related to cognitive disorders like Alzheimer's disease.

5.Clinical Implications and Therapeutic Potential:

Disruptions in cholinergic signaling are linked to various medical conditions such as Alzheimer’s
disease and myasthenia gravis. Researchers are exploring cholinergic therapies for cognitive disorders, and
drugs that target cholino receptors are used In conditions such as glaucoma and overactive bladder.

6.Future Directions in Cholinoreceptor Research:

As our understanding of cholinergic signaling deepens, researchers are working to develop more
targeted therapies for conditions involving cholino receptors dysfunction. Correspondingly, advanced imaging
techniques are throwing light on the intricate workings of cholinergic pathways particularly within the body.

7.Cholinergic Drugs: Understanding Their Role in Medicine

Cholinergic drugs are a class of pharmaceutical agents that affect the cholinergic system, which is
participated in the transmission of nerve signals in the central nervous system and peripheral nervous system.
These drugs primarily interact with acetylcholine receptors, the neurotransmitter responsible for transmitting
signals between nerve cells. Cholinergic drugs exhibit a wide range of medical applications and play an important
role in multiple physiological processes. In this article, we will explore the different types of cholinergic drugs
and their significance in medicine.
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Introduction to Cholinergic System:

The cholinergic system encompasses the release, reception, and regulation of acetylcholine, a
neurotransmitter responsible for transmitting signals across synapses. Acetylcholine receptors are seen in both
the central nervous system (CNS) and the peripheral nervous system (PNS), where they influence numerous
physiological processes namely muscle contraction, memory, learning, and autonomic nervous system
functions.

TYPES OF CHOLINERGIC DRUGS:- Cholinesterase Inhibitors:

Cholinesterase inhibitors are a class of cholinergic drugs that work by preventing the action of
acetylcholinesterase, an enzyme responsible for breaking down acetylcholine. By inhibiting this enzyme,
cholinesterase inhibitors increase the concentration of acetylcholine in the synaptic cleft, enhancing signal
transmission. These drugs are used in the treatment of conditions like Alzheimer's disease, where a deficiency
of acetylcholine is observed.

Example:

Doneperzil (Aricept)
Rivastigmine (Exelon)
Galantamine (Razadyne)
Tacrine (Cognex)
Muscarinic Agonists:

Muscarinic agonists specifically show their influence on muscarinic receptors, one type of
acetylcholine receptor. These drugs mimic the action of acetylcholine by binding to these receptors, resulting in
multiplr physiological responses. They find applications in conditions namely urinary retention, where
muscarinic agonists can activate bladder contraction and assist in emptying.

Here are some examples of muscarinic agonists:
Bethanechol

Pilocarpine

Carbachol

Methacholine

These drugs stimulate muscarinic receptors, which are part of the parasympathetic nervous system, resulting in
multiple physiological effects. Remember to always consult a healthcare professional before using any
medication.

Nicotinic Agonists:

Nicotinic agonists target nicotinic receptors, another type of acetylcholine receptor. These receptors
are observed at the neuromuscular junction and in the autonomic ganglia. Nicotinic agonists can be used to
treat conditions involving neuromuscular dysfunction or autonomic nervous system disorders.
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Here are a few examples of nicotinic agonists:

Nicotine: This is the primary active component in tobacco products and it activates nicotinic receptors in the
nervous system.

Varenicline (Chantix): Used for smoking cessation, it partially stimulates nicotinic receptors while reducing the
rewarding effects of nicotine.

Cytisine: Observed in certain plants and it behaves as a partial agonist on nicotinic receptors and is used for
smoking cessation in some countries. Remember that these substances can have multiple effects on the body
and can be addictive, so their use should be approached with caution.

Anticholinergic Drugs:

While not cholinergic in nature, anticholinergic drugs are worth mentioning as they perform by blocking
the action of acetylcholine. They are helpful in inhibiting excessive cholinergic activity, often in cases of
overactive bladder, certain gastrointestinal disorders, and motion sickness.

Here are some examples of anticholinergic drugs:
Atropine
Scopolamine
Benztropine
Trihexyphenidyl
Diphenhydramine
Oxybutynin
Tolterodine
Solifenacin
Darifenacin
Ipratropium bromide

These drugs prevent the action of acetylcholine, a neurotransmitter, and are used for multiple medical
conditions namely motion sickness, Parkinson’s disease, overactive bladder, and more. Keep in mind that these
medications should be taken under the supervision of a doctor as they can have side effects and interactions
with other drugs.

MEDICAL APPLICATIONS:-
Cholinergic drugs exhibit a broad spectrum of medical applications, including:

Alzheimer’s Disease: Cholinesterase inhibitors like donepezil, rivastigmine, and galantamine are used to improve
cognitive function and delay the progression of Alzheimer’s disease by enhancing acetylcholine levels in the
brain.

Myasthenia Gravis: Nicotinic agonists like pyridostigmine help improve muscle strength and function in
patients with myasthenia gravis, a neuromuscular disorder manifested by muscle weakness.
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Glaucoma: Muscarinic agonists like pilocarpine can help lower intraocular pressure in cases of glaucoma by
stimulating the contraction of the ciliary muscle.

Urinary Retention: Muscarinic agonists areessential in treating urinary retention by promoting bladder
contractions and aiding in urine expulsion.

Cholinergic drugs are integral components of modern medicine, offering treatments for multiple
neurological, neuromuscular, and autonomic disorders. By targeting the cholinergic system and its receptors,
these drugs play an important role in enhancing nerve signal transmission and modulating physiological
responses. From Alzheimer’s disease to myasthenia gravis, these medications continue to provide valuable
therapeutic options for patients partcularly at the time of necessity. Whatever it may be, their use should
always be guided by medical professionals to ensure optimal efficacy and safety.

Cholinergic Transmission

Cholinergic transmission is related to the process by which nerve cells communicate with the help of
neurotransmitter acetylcholine (Ach). This communication plays an important role in various bodily functions,
including muscle contractions, cognitive processes, and autonomic nervous system activity. Here are the key
subheadings:

Synthesis of Acetylcholine:

Acetylcholine is synthesized in nerve terminals by the enzyme choline
acetyltransferase. The formation of this enzyme takes place in the especially from choline, derived from dietary
sources, and acetyl coenzyme A.

Storage in Vesicles:

Once synthesized, acetylcholine is stored in vesicles particularly within the nerve terminals until a signal
initiates its release.

Nerve Impulse Arrival:

When a nerve impulse reaches the nerve terminal, it depolarizes the membrane, resulting in the
opening of voltage-gated calcium channels.

Calcium Influx and Exocytosis:

Calcium influx is responsible for the fusion of acetylcholine-containing vesicles with the
presynaptic membrane, causing exocytosis and releasing acetylcholine into the synaptic cleft.

Binding to Receptors:

Acetylcholine diffuses across the synaptic cleft and binds to specific receptors on the postsynaptic
membrane. There are two main types of cholinergic receptors: nicotinic and muscarinic.

Nicotinic Receptors:

Nicotinic receptors are ionotropic receptors observed in the neuromuscular junction and autonomic
ganglia. They permit the influx of sodium and calcium ions, resulting in the depolarization of the postsynaptic
membrane.
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Muscarinic Receptors:

Muscarinic receptors are metabotropic receptors observed in various target tissues namely smooth
muscles, glands, and the central nervous system. Activation leads to a range of responses through intra cellular
signaling pathways.

Postsynaptic Response:

The binding of acetylcholine to receptors activates a postsynaptic response, which can
be excitatory or inhibitory depending on the type of receptor and the tissue involved.

Termination of Signal:

Acetylcholine’s action is terminated through enzymatic degradation by
acetylcholinesterase, which breaks down Ach into choline and acetate. Choline is then taken up by the
presynaptic terminal for reuse in Ach synthesis.

Physiological Effects:

Cholinergic transmission controls multiple bodily functions, including muscle contraction, heart rate,
digestion, and memory processes.

Clinical Significance:

Drugs that target cholinergic transmission exhibit therapeutic applications, such as acetylcholinesterase
inhibitors for Alzheimer’s disease and neuromuscular blockers for surgical procedures. In summary, cholinergic
transmission is related to the synthesis, release, binding, and subsequent termination of acetylcholine’s action,
which is essential for communication between nerve cells and regulation of diverse physiological processes.

CONCLUSION:-

Cholinoreceptors are fundamental components of the cholinergic signaling system,
controlling vital bodily functions from muscle contraction to cognitive processes. Their role in maintaining
equilibrium within the body underscores their inportance in-health and disease. As research continues to unveil
the complexities of cholinergic pathways, new avenues for therapeutic interventions and medical advancements
are bound to emerge.

IJCRT2308434 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | €89


http://www.ijcrt.org/

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 8 August 2023 | ISSN: 2320-2882

REFERENCES OR FURTHER READING:-

1.  Sofuoglu M, Mooney M. Cholinergic functioning in stimulant addiction: implications
for medications development. CNS Drugs. 2009 Nov;23(11) :939-52.
[PMC free article] [PubMed]

2. Martyn JA, Richtsfeld M. Succinylcholine—induced hyperkalemia in acquired pathologic
states: etiologic factors and molecular mechanisms.

Anesthesiology. 2006 Jan;104(1):158-69. [PubMed]

3. Papke RL. Merging old and new perspectives on nicotinic acetylcholine receptors.
Biochem Pharmacol. 2014 May 01;89(1):1-11. [PMC free article]

[PubMed]
4. Kruse AC, Kobilka BK, Gautam D, Sexton PM, Christopoulos A, Wess J.
Muscarinic acetylcholine receptors: novel opportunities for drug

development. Nat Rev Drug Discov. 2014 Jul;13(7):549-60. [PMC free article] [PubMed]

5. Jiang S, Li Y, Zhang C, Zhao Y, Bu G, Xu H, Zhang YW. Ml muscarinic acetylcholine
receptor in Alzheimer’ s disease. Neurosci Bull. 2014

Apr;30(2) :295-307. [PMC free article] [PubMed]

6. Shapiro RA, Tietje KM, Subers EM, Scherer NM, Habecker BA, Nathanson NM. Regulation of
muscarinic acetylcholine receptor function in cardiac cells and in cells expressing

cloned receptor genes. Trends Pharmacol

Sci. 1989 Dec;Suppl:43-6. [PubMed]

7.
Fetscher C, Fleichman M, Schmidt M, Krege S, Michel MC. M(3) muscarinic receptors
mediate contraction of human urinary bladder. Br J Pharmacol.
2002 Jul:136(5) :641-3. [PMC free article] [PubMed]
8.
Abreu-Villaca Y, Filgueiras CC, Manhaes AC. Developmental aspects of the cholinergic
system. Behav Brain Res. 2011 Aug 10:;221(2) :367-78. [PubMed]
9.
Wehrwein EA, Orer HS, Barman SM. Overview of the Anatomy, Physiology, and
Pharmacology of the Autonomic Nervous System. Compr Physiol. 2016
Jun 13;6(3) :1239-78. [PubMed]
10.

Kalamida D, Poulas K, Avramopoulou V, Fostieri E, Lagoumintzis G, Lazaridis K,

Sideri A, Zouridakis M, Tzartos SJ. Muscle and neuronal nicotinic acetylcholine

IJCRT2308434 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | €90


http://www.ijcrt.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778856/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778856/
https://pubmed.ncbi.nlm.nih.gov/19845415
https://pubmed.ncbi.nlm.nih.gov/19845415
https://pubmed.ncbi.nlm.nih.gov/16394702
https://pubmed.ncbi.nlm.nih.gov/16394702
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755309/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4755309/
https://pubmed.ncbi.nlm.nih.gov/24486571
https://pubmed.ncbi.nlm.nih.gov/24486571
https://pubmed.ncbi.nlm.nih.gov/24486571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5818261/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5818261/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5818261/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5818261/
https://pubmed.ncbi.nlm.nih.gov/24903776
https://pubmed.ncbi.nlm.nih.gov/24903776
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562652/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562652/
https://pubmed.ncbi.nlm.nih.gov/24590577
https://pubmed.ncbi.nlm.nih.gov/24590577
https://pubmed.ncbi.nlm.nih.gov/2694522
https://pubmed.ncbi.nlm.nih.gov/2694522
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1573406/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1573406/
https://pubmed.ncbi.nlm.nih.gov/12086973
https://pubmed.ncbi.nlm.nih.gov/12086973
https://pubmed.ncbi.nlm.nih.gov/20060019
https://pubmed.ncbi.nlm.nih.gov/20060019
https://pubmed.ncbi.nlm.nih.gov/27347892
https://pubmed.ncbi.nlm.nih.gov/27347892

www.ijcrt.org © 2023 IJCRT | Volume 11, Issue 8 August 2023 | ISSN: 2320-2882

11.

12.

13.

14.

15.

16.

17.

18.

receptors. Structure, function and pathogenicity. FEBS J. 2007 Aug;274(15) :3799-845.
[PubMed]

Dhein S, van Koppen CJ, Brodde OE. Muscarinic receptors in the mammalian heart.
Pharmacol Res. 2001 Sep;44(3):161-82. [PubMed]

Miyakawa T, Yamada M, Duttaroy A, Wess J. Hyperactivity and intact hippocampus—
dependent learning in mice lacking the M1 muscarinic acetylcholine receptor. J
Neurosci. 2001 Jul 15;21(14):5239-50. [PMC free article] [PubMed]

Haga K, Kruse AC, Asada H, Yurugi-Kobayashi T, Shiroishi M, Zhang C, Weis WI, Okada
T, Kobilka BK, Haga T, Kobayashi T. Structure of the human M2 muscarinic

acetylcholine receptor bound to an antagonist.
Nature. 2012 Jan 25;482(7386) :547-51. [PMC free article] [PubMed]

Caulfield MP. Muscarinic receptors——characterization, coupling and function.
Pharmacol Ther. 1993 Jun;58(3):319-79. [PubMed]

Barrantes FJ. The acetylcholine receptor ligand—gated channel as a molecular target
of disease and therapeutic agents. Neurochem Res. 1997
Apr;22(4) :391-400. [PubMed]

Schaaf CP. Nicotinic acetylcholine receptors in human genetic disease.
Genet Med. 2014 Sep;16(9) :649-56. [PubMed]

Durant NN, Katz RL. Suxamethonium. Br J Anaesth. 1982 Feb;54(2) :195-208.
[PubMed]

Belmont MR, Lien CA, Tjan J, Bradley E, Stein B, Patel SS, Savarese JJ.
Clinical pharmacology of GW280430A in humans. Anesthesiology. 2004 Apr;100(4):768-
73. [PubMed]

IJCRT2308434 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | €91


http://www.ijcrt.org/
https://pubmed.ncbi.nlm.nih.gov/17651090
https://pubmed.ncbi.nlm.nih.gov/17651090
https://pubmed.ncbi.nlm.nih.gov/11529684
https://pubmed.ncbi.nlm.nih.gov/11529684
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6762828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6762828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6762828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6762828/
https://pubmed.ncbi.nlm.nih.gov/11438599
https://pubmed.ncbi.nlm.nih.gov/11438599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345277/
https://pubmed.ncbi.nlm.nih.gov/22278061
https://pubmed.ncbi.nlm.nih.gov/22278061
https://pubmed.ncbi.nlm.nih.gov/7504306
https://pubmed.ncbi.nlm.nih.gov/7504306
https://pubmed.ncbi.nlm.nih.gov/9130249
https://pubmed.ncbi.nlm.nih.gov/9130249
https://pubmed.ncbi.nlm.nih.gov/24556925
https://pubmed.ncbi.nlm.nih.gov/24556925
https://pubmed.ncbi.nlm.nih.gov/7037028
https://pubmed.ncbi.nlm.nih.gov/7037028
https://pubmed.ncbi.nlm.nih.gov/7037028
https://pubmed.ncbi.nlm.nih.gov/15087609
https://pubmed.ncbi.nlm.nih.gov/15087609

