Poisons

· Classes are corrosives, metabolic toxins, neurotoxins, mutagens, teratogens, and carcinogens
· Corrosives
· Acids and bases
· Break down (digest) body polymers and large molecules into smaller pieces, typically by adding water across broken bonds
· Proteins become amino acids, for example
· Example: phosgene, Cl(C=O)Cl, reacts with an OH group in lung tissue protein (lung-OH) to make HCl + lung-O(C=O)Cl;  over time this reacts further with water (HOH) to make another HCl and lung-O(C=O)OH; HCl release breaks down lung tissue and body responds by trying to wash it out with fluid (edema); digestion of lung material is severely painful and you drown in your own lung fluid, like in crucifixion
· Metabolic toxins and neurotoxins
· Operate by shutting down or accelerating a natural biochemical process severely (like, and including drug overdose)
· H2S binds to metals in metalloenzymes in body inhibiting their activity
· Heavy metals (Hg, Pb, Cr, Cd, etc.) bind to SH groups on cysteine sidechains in proteins, messing up their ability to make and break S-S disulfide bonds and control their 3 and 4 structures
· Arsenic (As) is generally turned into arsenate (AsO43–) in the body which has the same size and charge as phosphate (PO43–), leading the body to attach it to ADP to make ADP-arsenate rather than ATP; if you mess up ATP metabolism too much in a cell the cell dies
· Fluoroacetate (used as rat poison) destroys one of the enzymes in the citric acid cycle which extracts energy from blood sugar that the body ultimately uses to produce ATP
· Carbon monoxide binds tightly to Fe in hemoglobin which is used to carry oxygen through the bloodstream to all cells in the body; blocking oxygen deprives cells of oxygen needed to make ATP, killing them
· Cyanide binds tightly to Fe also, but in cytochrome oxidase rather than hemoglobin; oxygen gets to cells OK but the cells are then unable to use the oxygen to make ATP, so they die
· Diphtheria toxin; one molecule kills an entire cell by acting as a catalyst to destroy all of the molecules of a key enzyme involved in protein synthesis in the cell
· Surprisingly neurotoxins which overstimulate nerves, like anticholinesterases are worse than neurotoxins which impede their function
· Overstimulated nerve cells (neurons) can use ATP faster than they can produce it; when the ATP runs out the neuron dies
· Acetylcholine is probably the major overall nerve-stimulating neurotransmitter
· Anticholinesterases prevent nerves from breaking down acetylcholine so that they can relax
· Neurons have receptor sites that bind to acetylcholine which makes them fire (requires using ATP) and other sites which break down acetylcholine so they can relax and replenish ATP stores
· Anticholinesterases bind strongly to the sites which break down acetylcholine, blocking these sites
· Examples are sarin, novichok, and organophosphates
· Neurotoxins which impede neuron activity (make them stop firing) are called alkaloids
· Generally these block acetylcholine
· Examples are atropine, curare, and coniine (the hemlock poison given to Socrates)
· A neurotoxin which antagonizes dopamine and causes Parkinson’s disease is MPTP
· This is a byproduct in the production of MPPP, a synthetic opioid
· The actual neurotoxin is MPP+, which is produced by the reaction of MPTP with MAO-B
· An antidote for MPTP poisoning is an MAO inhibitor, which slows down the production of MPP+
· Teratogens, mutagens, and carcinogens
· Teratogens cross the placenta in a pregnant  woman, enter the bloodstream of a fetus, and cause birth defects
· Mutagens cause mutations
· Carcinogens cause cancer
· There is a commonality to these three toxin classes
· Very severe mutagens can cause enough mutations (at least seven specific types) to result in cancer
· A mutagen which crosses the placental barrier will cause DNA mutations in a developing fetus;  even if these don’t result in cancer they will still cause DNA mutations which will alter the way the fetus DNA develops (differentiates) so that it is organized differently in different organs; this will result in birth defects (be teratogenic)
· DNA has a very complicated organizational structure; all cells contain all DNA, but organized in such a way that only certain pieces of DNA are accessible in certain cells; different cells in different organs produce different proteins from different accessible pieces of DNA
· Antidotes
· The antidote for carbon monoxide poisoning is pure medical oxygen; air is only 20% oxygen; CO binds to hemoglobin and prevents it from circulating oxygen; the solution is breathing higher oxygen concentration to get more oxygen into the blood until the CO works its way out of the system
· The antidote for cyanide poisoning is to turn cyanide which binds to and blocks oxygen from cytochrome oxidase is to turn cyanide into thiocyanate with thiosulfate
· The antidote for an anticholinesterase (overstimulatory) poison is an alkaloid (depressant) poison, usually atropine
· Antidotes for heavy metal (like lead) poisoning are chelating agents; particles of these surround metal ions and prevent them from binding to S in SH groups of proteins
· Warning properties
· Some poisons are so offensive that you can’t easily ingest enough to kill you; others are not so informative
· Hydrogen sulfide smells terrible; if you ingest enough to kill you you can no longer smell it (it kills the sense of smell); as long as you can still smell it you can probably get away from it without causing permanent harm
· Chlorine is so irritating that it will force you to run away from it before it does more than give you a sore throat and bronchial tubes; usually you will recover from this
· HCN smells like bitter almonds; it is not that unpleasant, but if you inhale enough to smell it it may well kill you
· Sarin has a pleasant, fruity smell; if you can smell it it will probably kill you
· Dosages
· It is said that “the dose makes the poison;” prescription drugs are generally poisonous in high enough doses, as are vitamin A and iron supplements
· Dosage is measured in a variety of ways; perhaps the best known is LD50; this is the dosage that kills half the people who ingest that much; the lower the LD50 the more poisonous a chemical is; a very low LD50 means a very low dose has a 50/50 chance of killing you; a high LD50 means it takes a lot to kill you
· Ingestion mode
· Generally breathing is worse than eating or drinking a poison because gases in the lungs are absorbed directly into the bloodstream, whereas swallowed poisons have to go through the digestive tract before they get into the blood (at the very least this slows down the process)
· Generally skin exposure is the least hazardous situation because skin is usually a good barrier for most chemicals
· These rules are not always true, however
· For people allergic to sulfites, breathing sulfur dioxide (the gaseous version of sulfite) is not as bad as eating or drinking something with sulfites (sulfites are uses as a preservative in various foods)
· Potassium chloride is healthy if you eat it
· Helps prevent many of the bad consequences of a high sodium diet
· However injection of potassium chloride is known as lethal injection
· Potassium is beneficial inside of nerves (neurons); eating it accomplishes this
· Potassium is deadly in the bloodstream outside of nerves
· Dimethylsulfoxide (DMSO) is absorbed through the skin directly into the bloodstream; although DMSO is not very toxic anything dissolved in it also gets absorbed directly into the bloodstream
· Methylmercury is extremely toxic and goes right through the skin and into the bloodstream
· Metabolism: most toxins are metabolized either in the liver (usually by the cytochrome P450 system), exiting the body in stool (feces, poo), or by the kidneys, exiting the body in urine
· Usage
· In small doses most toxins can be used as medicines; some heavy medicines are exceptions
· Toxins are often used as pest/nuisance poisons; fluoroacetate is often used as rat poison, and some mild anticholinesterases are used as insect poisons or weed killers
· Poisons are still sometimes used in warfare; although this is illegal by international law, not everyone follows international law; Saddam Hussein used sarin (an anticholinesterase poison) to kill rebellious Kurds in Iraq in 1988

