Muscarinic antagonist

In neurochemistry, a muscarinic receptor antagonist is an agent that reduces the activity of the muscarinic acetylcholine receptor. Acetylcholine (often abbreviated ACh) is a neurotransmitter, whose receptor is a protein found in synapses and other cell membranes. Besides responding to their primary neurochemical, neurotransmitter receptors can be sensitive to a variety of other molecules. Acetylcholine receptors are classified into two groups based on this:

· muscarinic, which respond to muscarine 

· nicotinic, which respond to nicotine 

Most muscarinic receptor antagonists are synthetic, but scopolamine and atropine are belladonna alkaloids, and are naturally extracted.

Effects

Scopolamine and atropine have similar effects on the peripheral nervous system, however, scopolamine has greater effects on the CNS than atropine due to its ability to cross the blood-brain barrier. At higher than therapeutic doses, atropine and scopolamine cause CNS depression characterized by amnesia, fatigue and reduction in rapid eye movement sleep. Hyoscine has anti-emetic activity, so is used for motion sickness.

Antimuscarinics are also used as anti-parkinsonian drugs. In Parkinsonism, there is imbalance between levels of acetylcholine and dopamine in the brain, involving both increased levels of acetylcholine and degeneration of dopaminergic pathways (nigrostriatal pathway). Thus, in Parkinsonism there is decreased level of dopaminergic activity. One method of balancing the neurotransmitters is through blocking central cholinergic activity using muscarinic receptor antagonists.

Atropine acts on the M2 receptors of the heart and antagonizes the activity of acetylcholine. It causes tachycardia by blocking vagal effects on the sinoatrial node. Acetylcholine hyperpolarizes the sinoatrial node which is overcome by MRA and thus increases the heart rate. If atropine is given by intramuscular or subcutaneous, it causes initial bradycardia. This is because by i.m/s.c it acts on presynaptic M1 receptors (autoreceptors). Intake of acetylcholine in axoplasm is prevented and the presynaptic nerve releases more acetylcholine into the synapse which initially causes bradycardia.

In the atrioventricular node, the resting potential is abbreviated which facilitates conduction. This is seen as a shortened PR-interval on an electrocardiogram.

It has an opposite effect on blood pressure. Tachycardia and stimulation of the vasomotor center causes an increase in blood pressure. But due to feed back regulation of the vasomotor center, there is fall in blood pressure due to vasodilation.

Important[1] muscarinic antagonists include atropine, hyoscine, ipratropium, tropicamide, cyclopentolate and pirenzepine.
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Atropine

Atropine is a tropane alkaloid extracted from deadly nightshade (Atropa belladonna), jimsonweed (Datura stramonium), mandrake (Mandragora officinarum) and other plants of the family Solanaceae. It is a secondary metabolite of these plants and serves as a drug with a wide variety of effects. It is a competitive antagonist for the muscarinic acetylcholine receptor. It is classified as an anticholinergic drug (parasympatholytic). The name comes from the original use in deadly nightshade (Atropa belladonna) as a way of dilating women's pupils to make them beautiful. As such both Atropine and deadly nightshade derive names from Atropos, one of the three Fates who, according to Greek mythology, chose how a person was to die. Atropine is a core medicine in the World Health Organization's "Essential Drugs List", which is a list of minimum medical needs for a basic health care system. 
Physiological effects and uses
Atropine increases firing of the sinoatrial node (SA) and conduction through the atrioventricular node (AV) of the heart, opposes the actions of the vagus nerve, blocks acetylcholine receptor sites, and decreases bronchial secretions.

In general, atropine lowers the parasympathetic activity of all muscles and glands regulated by the parasympathetic nervous system. This occurs because atropine is a competitive antagonist of the muscarinic acetylcholine receptors (acetylcholine being the main neurotransmitter used by the parasympathetic nervous system). Therefore, it may cause swallowing difficulties and reduced secretions.

Ophthalmic use
Topical atropine is used as a cycloplegic, to temporarily paralyze the accommodation reflex, and as a mydriatic, to dilate the pupils. Atropine degrades slowly, typically wearing off in 7 to 14 days, so it is generally used as a therapeutic mydriatic, whereas tropicamide (a shorter-acting cholinergic antagonist) or phenylephrine (an α-adrenergic agonist) is preferred as an aid to ophthalmic examination. Atropine induces mydriasis by blocking contraction of the circular pupillary sphincter muscle, which is normally stimulated by acetylcholine release, thereby allowing the radial pupillary dilator muscle to contract and dilate the pupil. Atropine induces cycloplegia by paralyzing the ciliary muscles, whose action inhibits accommodation to allow accurate refraction in children, helps to relieve pain associated with iridocyclitis, and treats ciliary block (malignant) glaucoma. Atropine is contraindicated in patients pre-disposed to narrow angle glaucoma.

Atropine can be given to patients who have direct globe trauma.

Resuscitation
Injections of atropine are used in the treatment of bradycardia (an extremely low heart rate), asystole and pulseless electrical activity (PEA) in cardiac arrest. This works because the main action of the vagus nerve of the parasympathetic system on the heart is to decrease heart rate. Atropine blocks this action and, therefore, may speed up the heart rate. However, in the latest guidelines released by the American Heart association, atropine is no longer routinely indicated as a primary treatment modality in asystole and PEA The usual dosage of atropine in bradyasystolic arrest is 0.5 to 1 mg IV push every three to five minutes, up to a maximum dose of 0.04 mg/kg. For symptomatic bradycardia, the usual dosage is 0.5 to 1 mg IV push, may repeat every 3 to 5 minutes up to a maximum dose of 3 mg. Atropine is also useful in treating second-degree heart block Mobitz Type 1 (Wenckebach block), and also third-degree heart block with a high Purkinje or AV-nodal escape rhythm. It is usually not effective in second-degree heart block Mobitz type 2, and in third-degree heart block with a low Purkinje or ventricular escape rhythm. Atropine is contraindicated in ischemia-induced conduction block, because the drug increases oxygen demand of the AV nodal tissue, thereby aggravating ischemia and the resulting heart block.

One of the main actions of the parasympathetic nervous system is to stimulate the M2 muscarinic receptor in the heart, but atropine inhibits this action.

Secretions and bronchoconstriction
Atropine's actions on the parasympathetic nervous system inhibits salivary, sweat, and mucus glands. This can be useful in treating hyperhidrosis, and can prevent the death rattle of dying patients. Even though atropine has not been officially indicated for either of these purposes by the FDA, it has been used by physicians for these purposes

Treatment for organophosphate poisoning
Atropine is not an actual antidote for organophosphate poisoning. However, by blocking the action of acetylcholine at muscarinic receptors, atropine also serves as a treatment for poisoning by organophosphate insecticides and nerve gases, such as tabun (GA), sarin (GB), soman (GD) and VX. Troops that are likely to be attacked with chemical weapons often carry autoinjectors with atropine and obidoxime, which can be quickly injected into the thigh. Atropine is often used in conjunction with pralidoxime chloride.

Atropine is given as a treatment for SLUDGE (salivation, lacrimation, urination, diaphoresis, gastrointestinal motility, emesis) symptoms caused by organophosphate poisoning. Another mnemonic is DUMBBELSS, which stands for diarrhea, urination, miosis, bradycardia, bronchoconstriction, excitation (as of muscle in the form of fasciculations and CNS), lacrimation, salivation, and sweating (only sympathetic innervation using Musc receptors).

Some of the nerve agents attack and destroy acetylcholinesterase by phosphorylation, so the action of acetylcholine becomes prolonged, pralidoxime (2-PAM) is the cure for organophosphate poisoning because it can cleave this phosphorylation. Atropine can be used to reduce the effect of the poisoning by blocking muscarinic acetylcholine receptors, which would otherwise be overstimulated by excessive acetylcholine accumulation.

Optical penalisation
In refractive and accommodative amblyopia, when occlusion is not appropriate sometimes atropine is given to induce blur in the good eye

Side-effects and overdose
Adverse reactions to atropine include ventricular fibrillation, supraventricular or ventricular tachycardia, dizziness, nausea, blurred vision, loss of balance, dilated pupils, photophobia, dry mouth and potentially extreme confusion, dissociative hallucinations and excitation especially amongst the elderly. These latter effects are because atropine is able to cross the blood-brain barrier. Because of the hallucinogenic properties, some have used the drug recreationally, though this is potentially dangerous and often unpleasant.

In overdoses, atropine is poisonous. Atropine is sometimes added to potentially addictive drugs, particularly anti-diarrhea opioid drugs such as diphenoxylate or difenoxin, wherein the secretion-reducing effects of the atropine can also aid the anti-diarrhea effects.

Although atropine treats bradycardia (slow heart rate) in emergency settings, it can cause paradoxical heart rate slowing 

Atropine is incapacitating at doses of 10 to 20 mg per person. Its LD50 is estimated to be 453 mg per person (per oral) with a probit slope of 1.8 The antidote to atropine is physostigmine or pilocarpine.

A common mnemonic used to describe the physiologic manifestations of atropine overdose is: as per Jon Blinkey "hot as a hare, blind as a bat, dry as a bone, red as a beet, and mad as a hatter These associations reflect the specific changes of warm, dry skin from decreased sweating, blurry vision, decreased sweating/lacrimation, vasodilation, and central nervous system effects on muscarinic receptors, type 4 and 5. This set of symptoms is known as anticholinergic toxidrome, and may also be caused by other drugs with anticholinergic effects, such as diphenhydramine, phenothiazine antipsychotics and benztropine
Chemistry and pharmacology
Atropine is a racemic mixture of D-hyoscyamine and L-hyoscyamine, with most of its physiological effects due to L-hyoscyamine. Its pharmacological effects are due to binding to muscarinic acetylcholine receptors. It is an antimuscarinic agent. Significant levels are achieved in the CNS within 30 minutes to 1 hour and disappears rapidly from the blood with a half-life of 2 hours. About 60% is excreted unchanged in the urine, most of the rest appears in urine as hydrolysis and conjugation products. Effects on the iris and ciliary muscle may persist for longer than 72 hours.

The most common atropine compound used in medicine is atropine sulfate (C17H23N

 HYPERLINK "http://en.wikipedia.org/wiki/Oxygen" \o "Oxygen" O3)2·H2SO4·H2O, the full chemical name is 1α H, 5α H-Tropan-3-α ol (±)-tropate(ester), sulfate monohydrate.

History
Mandragora (mandrake) was described by Theophrastus in the fourth century B.C. for treatment of wounds, gout, and sleeplessness, and as a love potion. By the first century A.D. Dioscorides recognized wine of mandrake as an anaesthetic for treatment of pain or sleeplessness, to be given prior to surgery or cautery The use of Solanaceae containing tropane alkaloids for anesthesia, often in combination with opium, persisted throughout the Roman and Islamic Empires and continued in Europe until superseded by the use of ether, chloroform, and other modern anesthetics.

Atropine extracts from the Egyptian henbane were used by Cleopatra in the last century B.C. to dilate her pupils, in the hope that she would appear more alluring. In the Renaissance, women used the juice of the berries of Atropa belladonna to enlarge the pupils of their eyes, for cosmetic reasons; "bella donna" is Italian for "beautiful lady". This practice resumed briefly in the late nineteenth- and early twentieth-century in Paris.

The mydriatic effects of atropine were studied among others by the German chemist Friedlieb Ferdinand Runge (1795–1867). In 1831, the pharmacist Mein succeeded the pure crystalline isolation of atropine. The substance was first synthesized by German chemist Richard Willstätter in 1901.

Atropinic shock therapy, also known as atropinic coma therapy, is an old and rarely-used method. It consists of induction of atropinic coma by rapid intravenous infusion of atropine. Atropinic shock treatment is considered safe with careful monitoring and preparation, but it entails prolonged coma (between four and five hours), and it has many unpleasant side-effects, such as blurred vision

Natural sources
Atropine is found in many members of the Solanaceae family. The most commonly-found sources are Atropa belladonna, Datura inoxia, D. metel, and D. stramonium. Other sources include members of the Brugmansia and Hyoscyamus genera. The Nicotiana genus (including the tobacco plant, N. tabacum) is also found in the Solanaceae family, but these plants do not contain atropine or other tropane alkaloids.

Synthesis
Atropine can be synthesized by the reaction of tropine with tropic acid in the presence of hydrochloric acid.

Ganglionic blocker

A ganglionic blocker (or ganglioplegic) is a type of medication that inhibits postganglionic transmission primarily by acting as a nicotinic antagonist
Because ganglionic blockers block the parasympathetic nervous system and sympathetic nervous system, the effect of these drugs depends upon the dominant tone in the organ system.[3]
Examples

Examples include hexamethonium, pentolinium, mecamylamine, trimetaphan, and pempidine.

Others include: benzohexonium 

· chlorisondamine 

· pentamine 

Uses

Ganglionic blockers are used less frequently now than they were in the past, because more selective agents are now available. However, they are still used in some emergency situations, such as aortic dissection.

Side-Effects

· Cardiovascular: Orthostatic(postural) hypotension, Tachycardia 

· GIT: Dry-mouth, GIT atony,urine retention, digestive problems 

· Sexual Dysfunction: Failure of erection and ejaculation 

Hexamethonium

· Hexamethonium is a ganglionic blocker, a neuronal nACh (NN) receptor antagonist that acts in autonomic ganglia by binding mostly in or on the NN receptor, and not the acetylcholine binding site itself. It does not have any effect on the muscarinic acetylcholine receptors (mAChR) located on target organs of the parasympathetic nervous system but acts as antagonist at the nicotinic acetylcholine receptors at the neuromu 

scular junction
 (NM) that are responsible for skeletal muscle motor response.

Pharmacology

It can act on receptors at pre-ganglionic sites in both the sympathetic and parasympathetic nervous systems, which are both regulated (by nicotinic ligand-gated ionotropic acetylcholine receptors). Postganglionic sympathetic systems are usually regulated by norepinephrine or noradrenaline (adrenergic receptors), whereas parasympathetic systems are still acetylcholine-based, and instead rely on muscarinic receptors (some post-ganglionic sympathetic neurons, such as those stimulating sweating, release acetylcholine).

The organ system and adverse effects of ganglion blockers are because both the parasympathetic and sympathetic stimuli are blocked at the preganglionic sites. Side-effects include combined sympatholytic (e.g., orthostatic hypotension and sexual dysfunction) and parasympatholytic effects (e.g., constipation, urinary retention, glaucoma, blurry vision, decreased lacrymal secretion, dry mouth (xerostomia) effects.

Uses

It was formerly used to treat disorders, such as chronic hypertension, of the peripheral nervous system, which is innervated only by the sympathetic nervous system. The non-specificity of this treatment led to discontinuing its use. The use of inhaled hexamethonium, an unapproved drug, in a normal volunteer during a medical study is believed to have caused her death Her lung tissue reportedly "had the appearance of ground glass."

Tubocurarine chloride

Tubocurarine (also known as D-tubocurare or DTC) is a neuromuscular-blocking drug or skeletal muscle relaxant in the category of non-depolarizing neuromuscular-blocking drugs, used adjunctively in anesthesia to provide skeletal muscle relaxation during surgery or mechanical ventilation. Unlike a number of other related skeletal muscle relaxants, it is now rarely considered clinically to facilitate endotracheal intubation.

Tubocurarine is classified as a long-duration,[1] non-depolarizing neuromuscular blocking agent that is a competitive antagonist of nicotinic neuromuscular acetylcholine receptors.[2] It is a type of curare.

Currently, tubocurarine is rarely used as an adjunct for clinical anesthesia because safer alternatives such as cisatracurium and rocuronium are available.

Biosynthesis

Tubocurarine biosynthesis involves a radical coupling of two enantiomeric tetrahydrobenzylisoquinolines, more specifically, the two enantiomers of N-methyl-coclaurine. (R) and (S)-N-methyl-coclaurine come from a Mannich-like reaction between dopamine and 4-hydroxyphenyl-acetaldehyde, facilitated by norcoclaurine synthase (NCS). Both dopamine and 4-hydroxyphenylacetyladehyde originate from L-tyrosine. The biosynthetic pathway is described in more detail in the figures. Methylation of the amine and hydroxyl substituents are facilitated by S-adenosyl methionine (SAM)
(S)-norcoclaurine is derived from two tyrosine molecules after decarboxylation.

Compound 6 to compound 7 requires two methylations by SAM at the hydroxyl and amine position.

Clinical Pharmacology and Pharmacokinetics

At normal doses, tubocurarine has a slow onset and a slow recovery. It also causes histamine release that is now a recognized hallmark of the tetrahydroisioquinolinium class of neuromuscular blocking agents. The severity of histamine release in some instances following tubocurarine administration is such that it is contraindicated in asthmatics and patients with allergies However, the main disadvantage in the use of tubocurarine is its significant ganglion blocking effect that manifests as hypotension in many patients; this constitutes a relative contraindication to its use in patients with myocardial ischaemia.

Because of the shortcomings of tubocurare, much research effort was undertaken soon after its clinical introduction to find a suitable replacement. The efforts unleashed a multitude of compounds borne from structure-activity relations developed from the tubocurare molecule. Some key compounds that have seen clinical use are identified in the muscle relaxants template box below. Of the many tried as replacements, only a few enjoyed as much popularity as tubocurarine: pancuronium, vecuronium, rocuronium, atracurium, and cisatracurium. Succinylcholine is a widely used paralytic drug which acts by activating, instead of blocking, the Ach receptor.

