Medical problems caused by plants

1 Plants, Introduction XE "Medical problems caused by plants: introduction" 
1.1 Plants, general 

Plants are a regular cause of medical problems, usually due to the chemicals they contain. The 250,000 different flowering plant species differ not only in shape but also in countless biochemical properties. In all plant species only a handful of photosynthetic pigments are found. Since all plants need the same basic materials such as light, carbon dioxide and water, the biochemical variety of plants has little to do with the mechanism of photosynthesis. Why then should plants produce special chemical substances? The answer lies in their immobility. They cannot move themselves to reproduce or to escape from enemies. The chemical substances they produce serve not only to repay animal pollinators and seed distributors, but also to protect them from animals which form a threat. However, these substances may cause problems in humans. The problems vary widely, from skin irritation (e.g. phytodermatitis) to thyroid problems (goitrogenic plants) and neurological syndromes (e.g. konzo and buckthorn paralysis). Below are some examples, but it is not possible here to provide a complete survey of this material.

*

Plants have always occupied an important place in medicine, chiefly as a source of drugs. Plant products are still used today, from nose drops containing ephedrine to the psoralens used in PUVA therapy, from podophyllotoxin for condylomata acuminata to papaverine as an antispasmodic. Other examples are taxol (paclitaxel, initially obtained from the bark of the yew tree Taxus brevifolia XE "Taxus brevifolia: medical problems caused by plants, introduction" ), morphine (from the opium poppy or Papaver somniferum XE "Papaver somniferum: medical problems caused by plants, introduction" ), digitalis (from the foxglove or Digitalis lanata XE "Digitalis lanata: medical problems caused by plants, introduction" ), quinine (from the bark of the cinchona tree, Cinchona ledgeriana XE "Cinchona ledgeriana: medical problems caused by plants, introduction" ), artemisinin (from sweet wormwood or Artemisia annua), pilocarpine (from the Calabar bean Pilocarpus jaborandi XE "Pilocarpus jaborandi: medical problems caused by plants, introduction" ), reserpine (from Rauwolfia serpentina XE "Rauwolfia serpentina: medical problems caused by plants, introduction" ), vincristine (from pink periwinkle, Vinca or Cantharanthus roseus XE "Cantharanthus roseus: medical problems caused by plants, introduction" ), colchicine (from autumn crocus or Colchicum autumnale XE "Colchicum autumnale: medical problems caused by plants, introduction" ) and atropine (from deadly nightshade or Atropa belladonna XE "Atropa belladonna: medical problems caused by plants, introduction" ). It is now cheaper to produce some of these synthetically. Further active substances have also been discovered, in some cases via the analysis of plants which have been used in traditional medicine in various geographical regions (ethnobotany). Some plants contain chemicals which may exhibit interactions with drugs. Consider the ingestion of grapefruit juice or St John's wort and the changing blood levels of certain anti-HIV medications. 

*

Many plants contain proteins which have a very strong affinity for particular sugar groups. These carbohydrate-binding proteins are called lectins. There can be several binding sites on each lectin. Concanavalin A from the jack bean, binds to alpha-mannose residues. Pokeweed mitogen is a lectin which encourages cell division. Pokeweed or Phytolacca americana XE "Phytolacca americana: medical problems caused by plants, introduction"  comes originally from the Eastern USA. The word “Poke” is taken from an Indian language, the Algonquian word "pakon" or "puccoon," which refers to the use of the plant in coloured paints. The name Phytolacca comes from the Greek word phyton (plant) and the French lac (“lake”: a dark red pigment), which refers to the deep red berries. The pokeweed mitogen stimulates chiefly B lymphocytes and is used in the lymphocyte transformation test. 

*

Phytohaemagglutinin is a lectin from red kidney beans (Phaseolus vulgaris). This lectin agglutinates red blood cells via cross-linking, because it binds well-determined oligosaccharides which are found on the erythrocytic membrane. Red kidney bean poisoning, also known as Kinkoti bean poisoning, follows consumption of raw or undercooked red kidney beans. Symptoms appear after 1 to 3 hours after ingestion. The patient will develop extreme nausea and vomiting.  A short lasting diarrhoea will occur one to a few hours later. Some persons report abdominal pain. As a general rule, there is a spontaneous and rapid recovery (3-4 h).

1.2 Plants, medical applications, e.g. "the pill"

In the past steroid hormones had to be prepared from adrenal cortex or ox bile, both very expensive methods of preparation. Another, cheaper solution was needed. Many plants contain saponins, chemicals which have a steroid skeleton. This non-polar steroid part (sapogenin) is bound to a water soluble sugar side chain. “Saponin” (L. sapo = soap) refers to the fact that these substances produce a soap-like foam when they are shaken with water, an illustration of their chemical structure mixed polar/non-polar structure. In the years 1936-40 it was discovered that some species of yams of the genus Dioscorea (fam. Diascoreaceae) contained large amounts of saponins. Two Central American species, Dioscorea floribunda XE "Dioscorea floribunda: medical problems caused by plants, introduction"  and D. composita XE "Dioscorea composita: medical problems caused by plants, introduction"  contained considerable quantities of diosgenin, a sapogenin. This was a good starting product for chemical synthesis. It was an unusual application of these plants that are used in many tropical countries as food. They have large thickened underground tubers. They should not be confused with cassava (Manihot esculenta XE "Manihot esculenta: medical problems caused by plants, introduction" ) from the family of spurges (Euphorbiaceae) or with sweet potatoes (Ipomoea batatas XE "Ipomoea batatas: medical problems caused by plants, introduction" ) from the family of Convulvulaceae. The saponin is extracted from the tubers. The sugar chains are then split off and micro-organisms are used to remove other chemical groups and to add new groups. In this way semi-synthetic steroid hormones are obtained. The production process proved to be inexpensive. Various anabolica, cortisone and hydrocortisone were produced in this way and brought about a revolution in medicine. The majority of hormones prepared from diosgenin are at present used for contraceptive pills. The impact which inexpensive contraceptive pills has had on the growth of the population and on the position of women in many communities, should not be underestimated. One alternative source of steroid precursors is Solanum aviculare XE "Solanum aviculare: medical problems caused by plants, introduction" .

2 Plant toxins

2.1 Plant toxins, general 

Poisonous plants have a seed, root, leaf, stalk, fruit or juice where even a relatively small amount, taken either internally or eternally, can lead to injury to the human body. In some species the poisonous constituents occur throughout the whole plant. In others they are concentrated in one or more parts. The degree of toxicity also depends on the location (including height above sea level), climatic factors including the local microclimate (light, warmth, humidity), the growing season, type of soil, fertilisation, plant variety and age. Some plants are harmless unless they have been contaminated with fungi or live in symbiosis with these. One example which is well-known to farmers is tall fescue grass, Festuca arundinacea XE "Festuca arundinacea: medical problems caused by plants, introduction" , infected with the endophytic fungus Neotyphodium coenophialum XE "Neotyphodium coenophialum: medical problems caused by plants, introduction"  (previously known as Acremonium coenophialum XE "Acremonium coenophialum: medical problems caused by plants, introduction" ). The endophyte gives the plant several advantages such as resistance to some insects and soil nematodes, better tolerance of drought, but cattle eating infected grass will exhibit signs of poisoning. 

*

The condition of the poisonous plant material is equally important (dried, chewed, cooked, as tea). The dose of course is the most important factor. Small children form the most important risk group. Babies and toddlers always stick things in their mouths, including poisonous berries and leaves. What is more, children react much more quickly to poisonous substances than adults, because their body weight is much lower. The poisonous substances therefore reach considerably higher concentrations. Data from the Antipoison Centre in Brussels show that children under the age of 4 in Belgium are at as much risk as all other age categories put together. Those who seek healing or nutrition by wild plants are also at a higher risk of poisoning. Herbal medicine also involves similar dangers. The difference between the terms ‘medicinal’ and ‘poisonous’ is sometimes smaller than one might think. 

2.2 Plant, notorious toxins

Some plants contain substances which induce toxic effects when the plant is eaten or the juice is drunk. We do not of course mean the insecticides or fungicides which remain on edible vegetables after harvest. Sometimes individual sensitivity plays a role, as in favism (some people with severe G6PD-deficiency exhibit haemolysis after eating fava beans). However, there is generally good correlation between the amount of poison ingested and the severity of the clinical symptoms. The best known example in history is the forced suicide of Socrates. He drank a poison cup with the juice of hemlock (Conium maculatum XE "Conium maculatum: medical problems caused by plants, introduction" ) and in the following hours related his progressive symptoms to his friend, who recorded them. In the Far East opium was the poison used for murder and suicide for many years. Aconitum sp XE "Aconitum sp: medical problems caused by plants, introduction" . (monkshood with the deadly aconitine), Strophantus species, Strychnos nuxvomica XE "Strychnos nuxvomica: medical problems caused by plants, introduction"  (vomit nut, with strychnine), Strychnos toxifera, Datura stramonium (thornapple), Urechites suberecta (in the Caribbean) and Cerbera odollam are further examples of very poisonous plants. In the Caribbean huratoxin, obtained from Hura crepitans was (and is) a powerful local indigenous plant arrow poison. Buckthorn poisoning is seen in Mexico and Central America and often mistaken for Guillain-Barré or poliomyelitis. In South America various plants were used to prepare curare. Do not mistake curare for blow dart poison (batrachotoxins) obtained from wild "poison arrow frogs" such as Phyllobates terribilis (fam. Dendrobatidae). Sometimes the effect of poison is only noticeable after long-term exposure, e.g. the neurotoxic effect of the laxative Senna on the myenteric plexus of the colon. Repeated and long-term use reduces the peristalsis and make constipation worse, so that the patient again turns to the laxative agent. Sometimes the poison is active when administered parenterally, but is destroyed in the stomach or intestine. Thus a prey killed by a dart or an arrow tipped with curare, can be safely eaten afterwards.

*

Some plants contain psychoactive substances. Among these are the peyotl cactus which contains mescaline and plays a part in traditional Indian society. It is sometimes confused with mescal beans, which contain LSD. Less well-known is the ayahuasca liana (Banisteriopsis caapi XE "Banisteriopsis caapi: medical problems caused by plants, introduction" , fam. Malpighiaceae) from the Amazon basin. The plant contains 1 to 2% beta-carbolines such as harmine, tetrahydroharmine and harmaline. The name is taken from Peganum harmala XE "Peganum harmala: medical problems caused by plants, introduction"  (Zygophyllaceae), an Indian weed that contains the same constituents and is toxic for cattle. These substances are indole alkaloids, derived from the amino acid tryptophan and structurally related to serotonin. They are monoamine-oxidase inhibitors. Extract of B. caapi is often mixed with Psychotria viridis XE "Psychotria viridis: medical problems caused by plants, introduction" , another hallucinogenic plant which contains N,N,dimethyltryptamine. Extracts of Brunfelsia (which contains scopoletin) and Brugmansia (which contains atropine and scopolamine) are also used. In South America it has been known that inquisitive tourists, having heard an intriguing story, have drunk tea or the juice of Banisteriopsis caapi XE "Banisteriopsis caapi: medical problems caused by plants, introduction" , after which they became confused, hallucinated and exhibited psychotic reactions. Not all acute confused states in tourists can be attributed to mefloquine! Ibogaine is an alkaloid compound that comes from the roots of a shrub, Tabarnathe iboga, which grows in Gabon, Africa. In the country, followers of the Bwiti religion use it in ceremonies for its vision-giving properties. The hallucinogenic compound is being investigated for its impressive ability to stop morphine, heroin and cocaine craving for prolonged periods. This might help drug addicts to overcome their addiction. Less toxic derivatives, such as 18-methoxycoronaridine and noribogaine, are also being evaluated.
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*

An indirect effect of poison is illustrated by the following story. In 1860-61 Robert O’Hara Burke, William John Wills, John King and Charles Gray were the first Europeans to cross the Australian continent from Melbourne in the south to the Gulf of Carpentaria in the north. However, all except King died on the return journey. King was left with permanent disturbance of gait. Extreme fatigue, disturbed gait, painful joints and weak pulse preceded death. Why did they die? Because of various difficulties the explorers had to live off the land, including from fresh water mussels (Velesunio ambiguus XE "Velesunio ambiguus: medical problems caused by plants, introduction" ) and nardoo flour. This flour was obtained from the nardoo fern (Marsilea drummondii XE "Marsilea drummondii: medical problems caused by plants, introduction" ). The shellfish and in particular the nardoo flour contained a large amount of heat resistant thiaminase, so that the members of the expedition developed acute beriberi. (The thiaminase can be leached out by washing the plant in water. This permits its use by the aborigines. The explorers did not know this). In veterinary medicine beriberi in horses has long been known (staggers), due to eating Pteridium aquilinum XE "Pteridium aquilinum: medical problems caused by plants, introduction" , a related plant. 

2.3 Classification of plant poisons

2.3.1 Alkaloids

Organic compounds containing nitrogen, most of which exhibit strong physiological activity. e.g. colchicine, nicotine, aconitine, taxine, cocaine and many others.

Examples
· Indole alkaloids
: beta-carbolines (ayahuasca) active on the central nervous system

· Pyrrolizidine: veno-occlusive disease of the liver

· Tropanes: atropine, scopolamine, hyoscyamine active on the autonomous nerve system

· Vicine/covicine: important in G6PD deficiency and favism (haemolytic anaemia)

· Opium alkaloids: morphine, papaverine

2.3.2 Glycosides 

These substances are constructed from an aglycon to which one or more sugar chains are bound.

· Cyanogenic glycosides release prussic acid (HCN). The cyanide ion (CN-) binds to the mitochondrial cytochrome oxidase and in this way blocks electron transport. Aerobic metabolism is disturbed and lactate acidosis follows. The mitochondrial enzyme rhodanase catalyses the transfer of sulphur from thiosulphate to the cyanide ion, thus forming thiocyanate, a less poisonous substance. 

· Cardiac glycosides such as digitoxin from foxglove. Digoxin inhibits the enzyme Na-K-ATPase. Vomiting, confusion, changes in colour perception and in particular cardiac arrhythmias are dominant symptoms.

· Goitrogenic glycosides. Excessive intake and simultaneous iodine deficiency may lead to thyroid disorders.

· Mustard seed oil glycosides. After splitting of the sugar, irritating mustard oils are released.

· Anthraquinone glycosides. These have a laxative effect.

· Saponins. These “soap substances” are steroids and triterpenes bound to sugar(s). They may cause haemolysis. 

2.3.3 Tannins

· These substances have the ability to precipitate proteins. They make the skin durable by fixing the proteins in the skin. This property is used to make leather. E.g. pyrogallol.

2.3.4 Proteins

· Examples of poisonous proteins include ricin (caster-oil plant), abrin (rosary pea) and robinia (white acacia). Lathyrism is caused by a toxic amino acid that mimics glutamate. 

2.3.5 Oxalic acid and oxalates

· These substances may be found in trichomes or in raphides (needle-like structures). A trichome (Gr. trichos = hair) is an outgrowth of the plant epidermis, e.g. hair-shaped. They can provoke mechanical irritation. Ingested oxalate will be absorbed. Oxalate in blood binds calcium to form the insoluble calcium oxalate. Severe hypocalcaemia with tetany can follow.

2.3.6 Antivitamins

· Some substances counteract the work of vitamins, e.g. thiaminases in horsetails and bracken (breakdown of thiamine, syn. vitamin B1, see beriberi) and antivitamin K such as coumarins (see warfarin). 

2.3.7 Photosensitising and contact-sensitising substances

· Examples are St John’s wort with hypericin and hogweed. Poison ivy is known in North America. Many of the active substances are phenols, furocoumarins or derivatives of these. 

2.3.8 Oestrogens

· Some plant substances are hormonally active (e.g. isoflavones or phyto-oestrogens). The importance of these molecules is not yet clear.

2.3.9 Volatile etheric oils  

· Volatile etheric oils are liquid substances formed in special oil cells, glands, hairs, or channels. They are all soluble in alcohol. They do not leave greasy spots on paper. At certain concentrations some are irritant (forming blisters) and/or emetic. Some are nephrotoxic. Many forms are used, however, as kitchen herbs (thyme, mint) or because of their aroma (lavender).

3 Plants, physico-chemical skin irritation XE "Medical problems caused by plants: physico-chemical skin irritation" 
Skin irritation due to plants:

· Mechanical: e.g. thorn 

· Chemical: e.g. oxalic acid 

· UV chemical: e.g. psoralens 

· Allergic: e.g. poison ivy

Problems caused by plants may be mechanical and traumatic. Everyone has at some time had a thorn in their finger. If a splinter is left behind, this foreign body may be a source of infection, sometimes with unusual pathogens such as Sporothrix schenkii (sporotrichosis). Some cacti bear thousands of small sharp spikes, which trigger an uncomfortable and persistent dermatitis. In some plants there is a combination of mechanical and chemical factors. Consider nettles (Urtica dioica XE "Urtica dioica : medical problems caused by plants, physico-chemical skin irritation" ). This plant has countless hollow stinging hairs, filled with irritating chemicals such as formic acid. The point of these hairs breaks off after contact and the content enters the skin, with itching and irritation as the result. Many plants contain needle-shaped, razor-sharp crystals of oxalic acid, which can trigger skin irritation. They are rather like microscopic glass splinters. One of the infamous plants is the manchineel (Hippomane mancinella XE "Hippomane mancinella : medical problems caused by plants, physico-chemical skin irritation" ; fam. Euphorbiaceae), a tree that can grow to 15 metres. It bears apple-shaped fruits. The plant contains a greenish resin. Skin contact leads to severe dermatitis. If a drop gets into the eye there is severe conjunctivitis and keratitis, which may even lead to blindness. Eating the fruit can lead to bullous stomatitis, bloody diarrhoea and death. The plant was formerly widespread in the Caribbean, but now is only found sporadically, including in Florida. The plant was once mistakenly considered to be the cause of ciguatera intoxication.

*

The resin obtained from the roots and rhizomes of Podophyllum peltatum XE "Podophyllum peltatum : medical problems caused by plants, physico-chemical skin irritation"  (American mandrake or mayapple; fam. Berberidaceae or Berberis family) contains podophyllin, a highly irritating substance, used for the treatment of condylomata acuminata (see note in chapter on treponemata). The plant grows in the deciduous forests of Canada and the eastern USA. The raw resin contains podophyllotoxin, which is applied topically to the warts and washed off a few hours later. Any contact with the eyes or mouth must be avoided. If it is swallowed it can trigger severe systemic toxicity. The alkaloids in the plant form the basis for teniposide, an antitumoural agent that is used against testicular, breast and lung cancer. 

4 Phytodermatitis and phytophotodermatitis  XE "Medical problems caused by plants: phytophotodermatitis" 
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Some substances released from plants only have an irritant effect on the skin after being irradiated by UV light. In Western Europe hogweed (Heracleum sphondylium XE "Heracleum sphondylium: medical problems caused by plants, phytophotodermatitis" ), giant hogweed (Heracleum mantegazzianum XE "Heracleum mantegazzianum: medical problems caused by plants, phytophotodermatitis" ) and rue (Ruta graveolens XE "Ruta graveolens: medical problems caused by plants, phytophotodermatitis" ) are best known for this. In tropical and subtropical regions, irritation is seen after skin contact with fig trees, mango trees and many other plants. Phytophotodermatitis (syn. dermatitis pratensis) is identified clinically by strange red stripes at the site of contact (forearms, hands, legs, sometimes the face) that is exposed to the sun. The skin lesions are similar to burns. There is a delay between the skin contact and the first signs of irritation. Berloque dermatitis, triggered by perfumes containing for example bergamot oil, is a known condition in dermatology. There is generally residual pigmentation. Attempts have been made to use this in the treatment of vitiligo. Plant substances such as 8-methoxypsoralen and similar furocoumarins (coumarins bound to a furan ring) are obtained from Ammi majus XE "Ammi majus: medical problems caused by plants, phytophotodermatitis"  (bullwort). These so-called psoralens are photodynamic substances. They absorb UV light, become activated and then cause cell damage by inhibiting DNA synthesis. They are used in PUVA therapy of psoriasis [psoralen + Ultraviolet A]. Animals that eat such plants develop vesicles, eye lesions and erythema of the udder after exposure to sunlight. Phytophotodermatitis should not be confused with contact allergy or with photoallergic reactions such as polymorphous light eruption, persistent light reaction or solar urticaria. The treatment consists of thorough cleansing of the skin and application of a steroid cream. Foods containing large amounts of psoralens (celery, parsnips, figs, and parsley) should be avoided by people with photodermatitis, e.g. in SLE (systemic lupus).

5 Plant, Allergy XE "Medical problems caused by plants: allergy" 
5.1 Plant allergy, general

Sometimes the problems are allergic in nature. Every spring and summer there are countless people suffering from hay fever caused by pollen from ragweed, birch, hazel, timothy grass or ryegrass. Urticaria resulting from eating strawberries is a known condition. Allergy to peanuts can be very severe, even fatal. Certain forms of extrinsic allergic alveolitis are caused by plant substances. Gluten enteropathy (hypersensitivity to gliadin) can be treacherous. Latex allergy is a significant problem for some doctors and nurses. Pyrethrum allergy is a known problem on the plantations of Chrysanthemum cineriaefolium XE "Chrysanthemum cineriaefolium: medical problems caused by plants, allergy"  in East Africa. In the Far East the Japanese cedar (Cryptomeria japonica XE "Cryptomeria japonica: medical problems caused by plants, allergy" ) is a source of much annual misery because of the massive amounts of highly allergenic pollen which it produces every spring. This problem has increased greatly in recent decades. Due to the great shortage of wood for home building after the Second World War, the government in Japan started a large-scale reforestation campaign. The emphasis was on only one species of tree, however. The Japanese cedar is a magnificent species of tree which grows to 40 metres and has a pleasant perfume. It has a special place in Japanese culture. The wood is of high quality. At present a large percentage of the newly planted Japanese forest consists of this species. The trees are now mature, shedding massive amounts of pollen each year. To deal with the problem, in 1998 a research centre in Chiba began to develop a cedar variety which produces much less pollen. 

*

A different allergic mechanism occurs in North America with poison ivy (Rhus toxicodendron XE "Rhus toxicodendron: medical problems caused by plants, allergy" , syn. Toxicodendron radicans XE "Toxicodendron radicans: medical problems caused by plants, allergy"  in the Eastern USA, T. rydbergi XE "Toxicodendron rydbergi: medical problems caused by plants, allergy" i in the Midwest of the USA), poison oak (Rhus juglandifolia XE "Rhus juglandifolia: medical problems caused by plants, allergy" ) and poison sumac (Rhus vernix). There is significant variability in personal sensitivity to the plant. The active ingredient is urushiol. The name refers to “urushi”, the Japanese word for lacquer. In Japan the sap of the Japanese lacquer tree (Rhus vernicifera XE "Rhus vernicifera: medical problems caused by plants, allergy" ) has been tapped since olden times. After maturing for a few years, it is used to produce a splendid shine on various utensils. This lacquer is based on the same active ingredient as poison ivy. Urushiol is a catechol. The first time that the sap comes into contact with the skin, it has no clinically noticeable effect. Urushiol acts as a hapten, however. It binds to proteins in the skin, creating new epitopes. Upon subsequent contact a pronounced pruritic dermatitis develops. It is advisable to wash skin as quickly as possible with water and soap, or to rub the skin with alcohol. Afterwards a cortisone cream is advised. Preventive creams with a barrier function are sold, but they have limited efficacy. 

*

Peru balsam is a brownish yellow to vanilla coloured balsam, obtained by crushing and heating (roasting) the stem of the Central American tree Myroxylon balsamum var. pereirae XE "Myroxylon balsamum var. pereirae: medical problems caused by plants, allergy"  (Papillionacae). Peru balsam can also be produced synthetically. It consists of benzyl esters of cinnamic and benzoic acid. It also contains free cinnamic acid, resins, vanillin and coumarins. Peru balsam is used as a fixing agent in the perfumery and soap industry. In medicine it was (and is) used to promote wound healing and as a mildly antiseptic anti-irritant. The risk of hypersensitivity is very high, however. In contact dermatitis of uncertain origin, Peru balsam is among the substances which should be included in epicutaneous tests. 

5.2 Coeliakie, gluten enteropathy XE "Medical problems caused by plants: gluten - Coeliakie" 
Gluten is a mixture of proteins present in certain grains such as wheat, barley, rye, einkorn, spelt, kamut, oats and the wheat-rye cross called triticale. It is not present in corn and rice. Gluten allows dough to rise and gives a nice elastic texture to bread. Gluten sensitivity (syn. celiac or coeliac disease; Gr. Koilia : belly) is induced by the consumption of wheat, barley and rye. The trigger seems to be certain prolamins, which are seed storage proteins. In wheat, the prolamins consist of monomeric gliadins and polymeric glutenins, of which only the gliadins have been clearly associated with coeliac disease. There are alpha-, beta-, gamma- and omega-gliadins. The alpha-, beta- and gamma-gliadins are structurally related, but the omega-gliadins are structurally distinct. The wheat gliadins contain certain specific amino acid sequences. Analogue sequences are found in rye secalins, barley hordeins and in a much lower amount in oat avenins. It is important to note that these sequences are not found in the proteins of corn zein and rice oryzenin. 

*

Normally, wheat proteins undergo proteolysis in the intestinal lumen, and single amino acids or oligopeptides will be absorbed. There is a certain peptide ("33-mer") which seems to be resistent to digestion by brush border enzymes and which contains three epitopes that are immunogenic. This 33-mer has a very high affinity for tissue transglutaminase. This enzyme deamidates the glutamine-residues in gliadin, resulting in glutamic acids. These deamidated peptides adhere strongly to the binding grooves of HLA-DQ2 and HLA-DQ8 and elicit strong T-cell responses. Tissue transglutaminase was identified as the chief target of the auto-antibodies in gluten-enteropathy. The presence of anti-endomysium antibodies correlates well with gluten enteropathy. Endomysium -the thin connective tissue layer around individual muscle cells- contains a lot of tissue transglutaminase.

*

The immune respons leads to shortening of the intestinal villi. Symptoms can be typical (chronic diarrhoea, short stature) or more frequently, atypical (anaemia, osteoporosis, fatigue, depression, …). Dermatitis herpetiformis is frequent in these patients. They have an increased risk of lymphoma. IgA-antibodies against gluten have a low specificity and IgG-antibodies have a low sensitivity. The gold standard for diagnosis is endoscopic intestinal biopsy.

*

Treatment is based on the avoidance of wheat, rye, barley, spelt, einkorn, oats and triticale. Corn and rice are safe.  There are some recent data which suggest that pure oats is safe after all. Members of the grass family that are taxonomically more closely related to corn and rice  than to wheat are likely to be safe. Such grasses include sorghum, the different millets (e.g. pearl and foxtail millet), ragi (finger millet), white and black fonio (esp. Western Africa), teff (esp. in Ethiopia), and Job's tears, which are reasonably closely related to corn.  Wild rice is closely related to cultivated rice (see chapter on "beriberi"). In some cases, there are protein-structure studies that support of this conclusion, although the studies are not sufficiently complete to provide more than guidance. All grasses are monocotyledons. Buckwheat, amaranth and quinoa are dicotyledons. Because of their very distant relationship to the grass family and to wheat, it is highly unlikely that they will contain the same type of protein sequence found in wheat proteins that causes problems for coeliac patients. Amaranth seeds contain a high concentration of lysine, an essential amino acid lacking in all of the world’s main cereal crops.

5.3 Rubber allergy XE "Medical problems caused by plants: rubber" 
Latex allergy, whether or not dangerous, is an uncomfortable situation for many doctors and paramedics, as well as some patients who have regular contact with natural rubber. 

5.3.1 Rubber, history

Rubber became known in Europe after the journeys of Columbus. It was long seen as a curiosity, without any practical use. In 1736 the French explorer Charles de la Condamine, after a journey through Brazil, brought the potential of rubber to the notice of the scientific world. The name rubber was given by Sir Joseph Priestley, when he discovered that solidified latex from the rubber tree could be used to rub out lead pencil. In 1823 the Scot Charles Macintosh discovered that rubber was soluble in hexane, a distillation product of petroleum. This enabled coagulated latex to be dissolved after being shipped and then to be applied to textiles. After evaporating the solvent a thin layer of rubber was left on the textile, which made it waterproof. The name Macintosh quickly became synonymous with a certain kind of raincoat. One huge disadvantage of natural rubber was that it became sticky in summer and brittle in winter. This problem disappeared with the discovery of the American Charles Goodyear. After lots of experimentation, he discovered in 1839 that rubber became tougher and lasted longer if it was heated with sulphur and lead oxide. Some say that the discovery was an accidental one, after spilling a mixture onto a hot stove, but this kind of "chance discoveries" are only made by people with a prepared mind (cfr Louis Pasteur). The sulphur bound the different polymer chains (cross-linking). The process was called vulcanisation after the Roman god of fire Vulcan. The Englishman Thomas Hancock seized Goodyear's discovery and launched the British rubber industry by inventing a method for processing rubber on an industrial scale. In 1888 the British veterinary surgeon John Boyd Dunlop took out a patent for the production of rubber tyres, which had an enormous influence on the use of the bicycle and the motor car. The future for rubber had opened up. One of the reasons Belgium became rich as a colonial power under King Leopold II, was via the tapping of wild rubber in the Congo. 

*

Until 1880 rubber was obtained only from wild trees. In the forest individual trees grow quite distant from each other (not more than one tree per hectare). In this way they are at less risk of becoming diseased. Attempts to set up plantations in South America frequently failed due to a fast-spreading and deadly tree disease. In the 19th century Brazil kept the monopoly in rubber production, with the state of Para as the centre. It was rubber that helped to open up the Amazon region and gave towns such as Manaus and Belem their riches. The colonial powers were very interested in breaking this monopoly. In 1872 Joseph Hooker, director of the Botanical Gardens in London, sent Henry Alexander Wickham to collect seeds. In 1876 Wickham, with the approval of the Brazilian authorities, brought 70,000 seeds of Hevea brasiliensis XE "Hevea brasiliensis: medical problems caused by plants, rubber"  to England from the regions of the Rio Tapajos. In Kew Gardens a few thousand (maybe 2000) of the seeds germinated. These were shipped in special cases (called Wardian cases) to Malacca, Sumatra, Singapore, Java and Ceylon. Thanks to these portable miniature greenhouses a number of small plants survived the long journey and were planted out. By about 1900 most of the techniques had been developed that were necessary to set up plantations on a large scale, including grafting, an essential cloning technique which can supply countless trees, all genetically the same. Rubber production in Asia began in 1910. In 1914 the new plantations in Southeast Asia had far exceeded the old production regions. In 1930 there was a great epidemic of the South American tree disease (Microcyclus ulei XE "Microcyclus ulei: medical problems caused by plants, rubber" , previously Dotidella ulei XE "Dotidella ulei: medical problems caused by plants, rubber" ). It completely destroyed the trees on the plantations in South America, where trees were closely planted. Asia has to date managed to avoid this fungus. That Brazil now has rubber plantations again, is thanks to crossing sensitive high-producing Hevea brasiliensis with other resistent but low-producing Hevea species. Due to countless repeat crossings, reasonable production has been revived.

*

During the Second World War the supply of natural rubber from Southeast Asia was interrupted, which led to the development of synthetic rubbers in Europe and America. Before World War II synthetic rubber ("buna rubber and buna-S rubber") was only produced in Germany and the USSR. Afterwards the production of synthetic rubber from petroleum increased enormously. Many of the present-day synthetic rubbers are based on butadiene and styrene, both originating from petroleum. Neoprene is used for diving suits and fuel hoses. Nevertheless, even today there is still a demand for natural rubber. At present approximately 65% of the world production of natural rubber goes to the manufacture of tyres. The remainder is used for various products such as shoes, hoses, closure rings, driving belts, foam rubber objects, carpet backing, toys, gloves and condoms. 

5.3.2 Rubber, plant

Natural rubber and caoutchouc (ca-o-chu = weeping wood) are elastic polymers obtained from a milky liquid (latex) from certain plants. No one knows just why many plants produce latex. One hypothesis says that it is a mechanical defence against gnawing insects. The most important source of natural rubber is Hevea brasiliensis, a species of South American tree (Euphorbiaceae). Other, much less important species are Hevea benthamiana XE "Hevea benthamiana: medical problems caused by plants, rubber"  and H. nitida XE "Hevea nitida: medical problems caused by plants, rubber" . Hevea brasiliensis occurs in the wild in South America in regions between 10° N and 10° S. The regions have heavy rainfall and are preferably at 50 to 200 metres above sea level, with a temperature between 24 and 35°C. In plantations the trees reach a maximum height of 24 metres. Tapping of a tree is begun when it is 5 to 7 years old. Tapping can be carried out for 6 months a year. With care a tree may live to 30 years. 

5.3.3 Rubber tapping
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Latex is sometimes described as the sap of the Hevea. This is in fact not correct. The sap runs deeper, in the xylem and the sieve elements of the phloem. The latex runs in the laticifers (lactifers) that lie in anastomosing concentric circles in the bast directly outside of the cambium. The latex veins are bound to the cambium and the phloem by radiating vessels. The bast and latex veins are cut diagonally at an angle of 30°. Using a sharp knife, the tapper cuts a shaving from the intact bast. Great care is needed when doing this, so as not to touch the thin cambium. This is because the new cells for the plant are produced from this growth layer. If the latex tapper makes the incision too deep, the cambium is injured and the tree will be permanently damaged. The latex flows from the laticifers in droplets. To prevent the latex from coagulating, ethrel or ethaphon (Flo-Tex) are applied to the bast. This substance releases ethylene, a natural plant hormone. In this way production can be doubled. At present 2 tons of latex per tree can be harvested annually. The latex runs into a small cup, coconut shell or other receptacle. Afterwards it is filtered to remove impurities. Later the latex is coagulated by adding formic acid or vinegar. The latex can also be coagulated by smoking, but this is not practical for large amounts. Then the water is squeezed out. The rubber chains of Hevea contain 50 to 6000 isoprene units. They do not contain side chains but consist of long chains of exclusively cis-1-4-polyisoprene (C5H8)n. This stereospecificity contributes to a large extent to the unique mechanical properties. 

5.3.4 Alternative sources of rubber

Rubber can also be obtained from plants other than Hevea brasiliensis. Other rubber-supplying species have no continuous veins. Latex veins are not present in Gymnosperma. They occur sporadically in Angiosperma, chiefly in dicotyledons. Guayule (Parthenium argentatum XE "Parthenium argentatum: medical problems caused by plants, rubber" , fam. Asteraceae) is a shrub that grows in the Chihuahua dessert in southwest Texas and adjacent parts of Mexico. The shrub makes few demands on its environment and survives in semi-arid regions. The plant contains latex which is found in individual cells in the stem and roots. Approximately 7 to 20% of the dry weight is rubber, of the same quality as Hevea rubber. The plant must be 7 years old before it can be harvested. Since tapping is not possible, the shrub is felled and processed in its entirety. James Bonner discovered that the production of rubber is encouraged by low night-time temperatures (below 10°C, and preferably below 7°C). Harvey Firestone and Thomas Edison investigated the possibilities of this plant before World War II as an alternative source of rubber. Guayule was the focus of the American “Emergency Rubber Program” during WW II. In Latin America rubber can also be obtained from Castilloa elastica XE "Castilloa elastica: medical problems caused by plants, rubber"  (the mulberry family). Koksagyz rubber was obtained in Central Asia from Taraxacum scariosum (Compositae). Manicoba or Cerea rubber refers to the Brazilian federal state of Cerea and comes from Manihot glaziovii XE "Manihot glaziovii: medical problems caused by plants, rubber" . Bambong rubber comes from Ficus elasticus XE "Ficus elasticus: medical problems caused by plants, rubber" . African rubber is obtained from Funtumia elastica XE "Funtumia elastica: medical problems caused by plants, rubber"  (Apogynaceae). Another source in the Old World is Landolphia gummifera XE "Landolphia gummifera: medical problems caused by plants, rubber"  (Apogynaceae). Some plants such as the sorva tree (Couma utilis XE "Couma utilis: medical problems caused by plants, rubber" ) have become rare because the whole tree was felled for the extraction of the latex. Gutta-percha is obtained from the tree Palaquium gutta XE "Palaquium gutta: medical problems caused by plants, rubber"  (Sapotaceae), a plant from Malaysia and the South Pacific. Payena leeri XE "Payena leeri: medical problems caused by plants, rubber"  is another source of this material. The rubber is chemically different from Hevea rubber. It is thermoplastic above 60° and cannot be vulcanised. Eventually gutta-percha rubber disintegrates in the air, but it is a good insulator and is resistant to seawater. It was previously used to coat undersea cables and for golf balls. Balata rubber is obtained from Manilkara bidentata XE "Manilkara bidentata: medical problems caused by plants, rubber"  (Sapotaceae). Before production of the synthetic Surlyn in 1970, balata rubber replaced gutta-percha in golf balls. The isoprene-units in balata rubber have a “trans” configuration instead of "cis", and this rubber has therefore different properties.

5.3.5 Rubber, processing

The raw rubber is processed in different ways, depending on the desired end product. In dry rubber manufacture the large rubber molecules are broken down to smaller polymers via mixing rolls (plastication) under the influence of mechanical power, heat and oxygen. Then various other substances are added, such as fillers (carbon soot, clay, silica), colourants, softeners (oil, vaseline, resins, wax), antioxidants, zinc oxide or zinc stearate, accelerators (catalysts for vulcanisation) and sulphur. Wet rubber manufacturing is based in principle on direct production from latex to which the desired ingredients have been added. Shaping is done via immersion (e.g. gloves, condoms, balloons), syringes or other techniques.

5.3.6 Rubber, latex allergy

Natural rubber contains approximately 6 to 8% of non-poly-isoprene constituents, such as water, proteins, ash and various fats and fatty acids. It is these proteins that may be allergenic and cause medical problems. Approximately 240 peptides have been isolated from latex. Luckily only a few of these are sensitising. The protein content and allergen content are therefore two different matters. Sometimes the accelerators or anti-oxidants are responsible for the allergy. The material should be leached out to remove the allergenic proteins. Latex gloves contain maize starch or talc to make them slip on more easily. This may cause irritating dermatitis, similar to repeated small abrasions due to washing, cold or prolonged heat. The maize starch binds to the proteins of the latex, which may play a role in the allergic process. Type IV hypersensitivity may develop, resulting in contact dermatitis. More rare is type I allergy with anaphylaxis, urticaria, rhinitis, conjunctivitis and asthma. Type I allergy occurs in fewer than 1% of the population. Not all type I allergic patients form antibodies to the same peptides. There are major peptides, which induce antibody formation in approximately half of allergic patients. There is an increased risk in people who come into regular contact with natural rubber products: health workers, patients with chronic urological or neurological problems, or who undergo repeated surgery, atopic people and children with an associated food allergy. Since some latex peptides are similar to peptides from other plants, cross reactions can be expected. Banana, kiwi and avocado pose the most problems. Many other fruit species (nuts, melon, passion fruit, peach, apple), vegetables (tomato, potato, pulses, spinach) and plants (ficus, fig, cannabis) can also trigger symptoms. Symptoms include urticaria or contact dermatitis on the hands or the genitals. 

5.3.7 Rubber allergy, clinical aspects

The symptoms vary greatly, from no symptoms to type I allergic symptoms, even to death. It is possible that the patient is not aware of the allergy. A positive prick test is then a surprise, and sometimes a use test (see below) is necessary to convince the patient. The symptoms may be only minimal, limited for example to a tingling feeling in the hands while washing raw potatoes. In some patients, especially health workers, the symptoms are mainly chronic eczema of the hands.

5.3.8 Rubber allergy tests

Additional investigations consist of RAST tests and skin tests. The RAST [Radio AllergoSorbent Test] for latex and determination of the total IgE are only 60-70% sensitive. A negative RAST does not rule out the diagnosis. Nevertheless it is sensible to carry out a RAST, since it correlates well with the severity of the symptoms. The RAST is highly specific, although some cross-reactivity exists (certainly in children with associated food allergies). A RAST test is always evaluated together with the total IgE and the entire symptomatology. Skin-prick testing is the gold standard for diagnosis. It is the best method for screening and diagnosis of type I latex allergy. The sensitivity and specificity of the prick test depend on the extract used, but are always much higher than those of the RAST. The use test is the only way to test conclusively, and the only test to prove the true relevance. This test is indicated if there is any discrepancy between the case history and the RAST or prick test. The use test may appear to be without risk but it can be dangerous, especially for damaged skin. For this reason a "staged use test" is always carried out. The skin is first made wet under running water. Then one finger of a latex glove with high protein content and no casein is put on for 15 minutes. If there is no reaction, a complete glove may by kept on for 15 minutes. The period of exposure may be prolonged (1 hour or more). On the other hand a control is always carried out, with a vinyl glove. The use test is regarded as positive if there are weals at the site of contact. 

6 Plant toxins, cardiac glycosides XE "Medical problems caused by plants: poison – cardiac glycosides" 
Various cardiac glycosides are found in a number of plant species. The term digitalis is often used to refer to the whole group of cardiac glycosides. In 1785 William Withering published his article concerning the use of foxglove in oedema. Subsequently the power of other cardiac glycosides was observed. During his exploration of the Zambesi in the 1860s, Livingstone observed the use of a poison so powerful that an arrow smeared with it, could kill a cape buffalo or a hippopotamus. The botanist John Kirk tried to find out where the poison came from, but no one would tell him. In the end he found that the poison originated from the seeds of a climbing plant, Strophanthus kombe XE "Strophanthus kombe: medical problems caused by plants, poison – cardiac glycosides"  (Apocynaceae). These were ground and applied to the arrow tip with an adhesive prepared from a spurge-like plant. From these seeds Fraser, a pharmacologist from Edinburgh, isolated strophantine, the active cardiac glycoside. The mechanism of action is similar to that of digoxin. Ouabain is obtained from Strophanthus hispidus XE "Strophanthus hispidus: medical problems caused by plants, poison – cardiac glycosides"  and related species. Digitalis for pharmacological use is obtained from the leaves of Digitalis lanata XE "Digitalis lanata: medical problems caused by plants, poison – cardiac glycosides"  and digitoxin from Digitalis purpurea XE "Digitalis purpurea: medical problems caused by plants, poison – cardiac glycosides"  (Scrophulariaceae). The content of cardiac glycoside varies from 0.1 to 1%, depending on the site of growth, the growth season and the local microclimate in which the plant grew.

*

Every glycoside is a combination of an aglycon with one to four molecules of sugar. The aglycons are released from the glycoside by hydrolysis. They are chemically related to bile salts and steroid hormones. The pharmacological activity is found in the aglycon part. The sugar groups change the water and fat solubility of the molecule. The aglycons of digoxin and digitoxin are digoxigenin and digitoxigenin respectively. Digoxin has a positive inotropic effect and slows the ventricular frequency during atrial fibrillation. Digoxin is excreted chiefly via the kidneys (the normal half-life is 36 hours). The half-life of digitoxin is 7 days.

*

In Sri Lanka at present the majority of suicides are due to eating oleander seeds (Thevetia peruviana XE "Thevetia peruviana: medical problems caused by plants, poison – cardiac glycosides" , Thevetia nerifolia XE "Thevetia nerifolia: medical problems caused by plants, poison – cardiac glycosides" , Nerium oleander XE "Nerium oleander: medical problems caused by plants, poison – cardiac glycosides" ). Common oleander and yellow oleander are attractive plants with beautiful flowers. They are widely distributed and are often planted around gardens. The plants contain high concentrations of nerioside and oleandroside, similar to digoxin and digitoxin. These are examples of substances in which the distinction between medicament and poison is very narrow. Just a few seeds can lead to death. Cases have also been reported in which people became ill after the use of oleander twigs as the central pin in barbecue meat. The clinical picture is that of an acute digitalis intoxication: nausea, vomiting, anorexia, diarrhoea, confusion, disturbed vision and cardiac rhythm problems. On an ECG, conduction disturbances are observed (AV-block, ventricular arrhythmia). The toxic effects are higher if hypokalaemia or hypomagnesaemia are present. The treatment consists of prevention of further absorption of the poison (gastric lavage, introduction of activated charcoal) and correction of electrolyte deficiencies. Therapy with cardiac pacing and anti-digoxin Fab fragments is very expensive. These antibodies are stimulated in sheep by immunising the animals with a digoxin conjugate. They are stored as lyophilisate (DigiFab®). 
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Another type of cardiotoxic toxin is cocaine. Cocaine use accounts for a substantial percentage of all deaths secondary to illicit drug use (e.g. 10% in Australia in 1998). Cocaine is extracted from the leaves of the plant Erythroxylon coca, and is available as cocaine hydrochloride (a water-soluble powder or granule which can be taken orally, intravenously or intranasally) and as "freebase" or "crack" cocaine (heat stable, melting at high temperatures) which can be smoked. Acute myocardial infarction due to coronary spasms and cardiomyopathy are the most commonly reported cardiac consequences of cocaine misuse, usually occurring in men who are young, fit and otherwise healthy. Cocaine effect should be seriously considered in any young patient with minimal risk factors for cardiac disease presenting with angor pectoris, acute myocardial infarction, dilated cardiomyopathy, myocarditis or cardiac arrhythmias.

7 Plant toxins, Veno-occlusive disease XE "Medical problems caused by plants: veno-occlusive disease" 
Various plants contain pyrrolizidine alkaloids, which damage the veins in the liver. It is possible that the pyrrolizidine alkaloids themselves are not responsible for the damage, but their metabolites. These poisonous substances are present in various Crotalaria, Senecio XE "Senecio sp. : medical problems caused by plants, veno-occlusive disease"  and Heliotropium species, among others. Occlusive lesions are produced in the centrolobular hepatic veins (obliterating endophlebitis). Subendothelial oedema, narrowing and occlusion of the lumina, atrophy and necrosis of liver cells with portal hypertension are the results. Isolated cases occur if for example tea from these herbs is drunk over long periods. In Jamaica such a drink is known as “bush tea”. If these herbs are used in small amounts from time to time, there are no immediate clinical consequences. Veno-occlusive disease with ascites and liver failure may occur as an epidemic if for example the grain harvest contains these plants. This was the case in Tadjikistan in 1992. Due to a military blockade there was a late wheat harvest. Because of this, weeds were able to thrive in the fields. The harvest contained large amounts of the seed of Heliotropium lasocarpium XE "Heliotropium lasocarpium: medical problems caused by plants, veno-occlusive disease" . The first cases occurred 6 weeks after contaminated bread was consumed. By the spring of 1993 there had already been more than 3900 cases. Patients at stage I had abdominal pain, nausea, vomiting and asthenia. In stage II hepatomegaly followed. Stage III was characterised by ascites. In the final stage there is hepatic encephalopathy. Treatment is symptomatic. There is no antidote. Further exposure should of course be prevented. Occasional use should be discouraged. If the grain harvest becomes contaminated, it is best that the government intervenes, forbids further trade on flour, purchases the contaminated flour urgently and exchanges it quickly for normal flour. Advice against use of the contaminated flour should be made widely available via an information campaign.

*

Crotalaria species (in particular Crotalaria retusa XE "Crotalaria retusa: medical problems caused by plants, veno-occlusive disease" ) also contain monocrotaline, which in animals is toxic for the lungs. It probably produces the same lesions in humans, if tea from this plant is drunk.

8 Plant toxins, Epidemic dropsy XE "Medical problems caused by plants: epidemic dropsy" 
8.1 Epidemic dropsy, General

Epidemic dropsy is a sometimes fatal condition seen in India, Nepal, Fiji, South Africa, Mauritius and rarely elsewhere. It is caused by accidental or deliberate contamination of cooking oil (esp. mustard oil, rape seed oil) by toxic argemone oil (Argemone mexicana XE "Argemone mexicana: medical problems caused by plants, epidemic dropsy" ; "prickly poppy"; fam. Papaveraceae). Do not confuse the name argemone with agrimony, which belongs to the Roseceae or Rose Family. Toxic argemone oil should not be confused with the so-called "spanish toxic oil syndrome" of 1981 (myalgia, eosinophilia) or with triorthocresyl phosphate poisoning (jake paralysis, ginger paralysis) which resulted from adulteration of cooking oil with lubricating oil.

8.2 Epidemic dropsy, Toxin

The main toxic component in argemone oil is a glycoside, sanguinarine. The name sanguinarine refers to bloodroot, Sanguinaria canadensis XE "Sanguinaria canadensis: medical problems caused by plants, epidemic dropsy" , a perennial herb, which contains the same alkaloid. Other toxic alkaloids which are present are dihydrosanguinarine, berberine, protopine, optisine, chelerytherine and others. Sanguinarine is a benzophenanthrine alkaloid and is being studied as a potentially antineoplastic agent (induction of cell death pathways). It is a cumulative toxin. Sanguinarine can be absorbed through the skin and contaminated oil used for massage can lead to sporadic cases. The toxin interferes with carbohydrate metabolism. 

8.3 Epidemic dropsy, Plant

The Mexican poppy - Argemone mexicana- originated in the New World, but has now become a common weed in India. The specific name mexicana refers to it native place Mexico. The generic name argemone comes from the Greek argema, meaning cataract. Interestingly, the juice of this plant was once very popular in the treatment of cataract and hence the name. In India, the plant occurs as a local weed in the cold season, exclusively in low rainfall regions at elevation from sea level to 2,500 m. The plant, although from a semi-tropical climate, is remarkably well adapted to colder and drier conditions. It is weedy in disturbed areas in waste places, roadsides, old fields, pastures, barnyards and gardens. It is an annual herb with bright yellow sap. The spiny leaves are thistlelike. The showy flowers have 4-6, bright yellow petals (there are also white forms) and many stamens. Seeds are blackish-brown, round and netted and resemble those of mustard (Brassica nigra XE "Brassica nigra: medical problems caused by plants, epidemic dropsy" ). The seeds can be pressed to obtain oil. In India, the oil of argemone is known as katkar oil and it has several legitimate uses. It is used for lighting lamps, as it is very cheap. Although the seeds of argemone look very much like those of mustard seeds, there are some important differences between the two. If the seeds are placed between two fingers and rubbed, the argemone seeds are found to have spiny edges. Mustard seeds do not have such spiny edges. Furthermore the seeds of mustard are heavier having a specific gravity of 1.3 as compared to 1.08 of argemone. The seeds of mustard will sink in saline water of appropriate specific gravity (say 1.2), while those of argemone will float.

8.4 Epidemic dropsy, Adulteration of oil

Those defending people accused of intentional adulteration (mainly merchants and retailers of mustard oil) often point to the fact that the two plants often grow together and ripe at the same time, so during harvesting, there is an inadvertent mixing of the two seeds. This argument appears fallacious for several reasons. Argemone grows mostly on fallow land and mustard has a canopy that does not let anything grow under it. In India -where most cases occur- mustard ripens in March and argemone in May. By May mustard has already been harvested, so adulteration is usually intentional.

8.5 Epidemic dropsy, Epidemics

There were repeated dropsy epidemics in India, with many cases in 1934 (>2000 cases) and in 1998. In 1998 epidemic dropsy claimed 52 lives and caused 2500 more to be hospitalised. This prompted the Indian government to temporary ban the use of all mustard oil. New cases appeared in the summer of 2003. Since epidemic dropsy cannot be produced in animals, most studies on argemone oil toxicity have been done on human cases.

8.6 Epidemic dropsy, Clinical

Epidemic dropsy is characterized by nausea and diarrhoea, followed by pitting oedema of the extremities, extensive dilatation of vessels of the skin, subcutaneous tissues (incl. fat) and uveal tract, cardiac insufficiency and liver abnormalities, including painless hepatomegaly. Concurrent glaucoma and retinal haemorrhages can occur, but it is not clear how strong this association is. The heart shows no degenerative changes, but cardiac muscle fibres will be separated by dilated capillaries. Tachycardia, irregular heart beat and low blood pressure are common. There tends to be right heart failure. Although the function of the left ventricle seems to be preserved in this condition, there is pulmonary oedema, due to a capillary leak syndrome. In general there is a slight fever. The legs can be painful. There can be a diffuse or patchy erythema as well as nodular skin lesions (sarcoidosis-like) and telangiectases. Clinical cases can resemble beriberi, but peripheral neuritis is absent. Serum albumin and calcium are reduced due to leakage of protein-rich fluid into the tissues. There is a relative hypovolemia. Although one would expect haemoconcentration, anaemia and moderate azotemia occur, although the mechanism is not clear 

8.7 Epidemic dropsy, Diagnosis and treatment

Sporadic cases occur but are easily missed because of low clinical suspicion by the treating doctor. The diagnosis is clinical and is supported by the detection of sanguinarine in urine (HPLC, thin layer chromatography). There is no known antidote. Treatment will be supportive. Calcium gluconate infusions and antioxydantia such as vitamin C and E will be administered, although the efficacy is unclear. Treatment for cardiac decompensation will be started. Most people will recover in 2-3 weeks (sometimes up to 6 weeks), but lethal cases occur.

8.8 Epidemic dropsy, Detection of toxin in oil

There is a simple test to detect argemone oil in edible oil. One should take about 2 ml of oil in a test tube, add 2 ml of concentrated HNO3, heat and observe the colour. A red layer at the lower level in the test tube shows the presence of argemone oil. If positive, further chemical analysis by chromatography (HPLC or thin layer) will be performed to confirm the presence of the toxin. The toxicity of contaminated oil can be eliminated by heating to 240°C for 15 minutes.

9 Plant toxins, Ricin XE "Medical problems caused by plants: ricin" 
9.1 Ricin, general

Ricin is obtained from Ricinus communis, XE "Ricinus communis: medical problems caused by plants, ricin"  the castor oil plant. Castor beans are not true beans (not pulses). The plant belongs to the spurges (i.e. fam. Euphorbiaceae). This beautiful plant is sometimes used to decorate gardens. It is cultivated chiefly to harvest oil from the seeds: ricinus oil or castor oil. In temperate regions it is an annual plant with brownish red stalks and large palmate leaves with long stalks and 5-11 jagged lobes. The plant reaches a height of 75 cm to more than 3 metres. In the tropics it is perennial, and grows even taller. Most varieties are green, but some are red or purple. The flowers may be strikingly green, or a pronounced pink in the pigmented varieties. The female flowers are uppermost and after fertilisation by the wind form fruit clusters. Each fruit contains 3 greyish brown marbled seeds. The fruit cases sometimes open explosively, spreading the seeds over a wide area. On each seed there is a small protuberance. This makes them look rather like bloated male ticks. Linnaeus noted the similarity and named the plant after this (L. ricinus = tick, cf. Ixodes ricinus XE "Ixodes ricinus: medical problems caused by plants, ricin" ). The seeds are approximately 17 mm long and 8 mm broad. Present-day cultivars have seeds weighing approximately 3 g. The seed mantle accounts for approximately ¼ of the weight. Dry seeds contain approximately 50% oil. The seeds also contain a lipase, which can be used commercially. The present world production is more than one million tons of seed per year. The main producers are India, Brazil and China. 

9.2 Ricin, castor oil

Even in ancient Egypt, more than 4,000 years ago, castor oil was used for lamps. Where does the name “castor” come from? Castor is the generic name for the North American beaver (Castor canadensis XE "Castor canadensis: medical problems caused by plants, ricin" ). It is also a bright star in the constellation Gemini. In the Greek legend Castor was one of the twin sons of Leda and one of the argonauts participating in the hunt for the golden fleece. However, the name castor has nothing to do with beavers, stars or Greek gods. In olden days the oil was confused with one coming from another plant: Vitex agnus-castus XE "Vitex agnus-castus: medical problems caused by plants, ricin" , which became bastardised to agno-casto and finally to castor. Due to its high viscosity, resistance to cold and insolubility in petrole, it is added to the oils used in engineering for lubrication, motors and hydraulics. There are multiple other uses: leather production, hair oil, cosmetics, transparent soaps, printing ink, linoleum, explosives, and for some special industrial oils, paints, varnishes and lacquers. Sulphonated oil is an additive in the printing of cotton with the aniline dye alizarin. Hydrogenated oil is used as a basis for wax, candles and crayons. The oil is the raw material for a certain kind of nylon. In the USA ricinus oil is seen as a strategic material, of which there has to be sufficient in the country at any one time (military value). In medicine the oil was used as a “miracle oil” with a strong laxative action. If the seeds are pressed cold to extract the oil, it contains no toxin. This is because the toxin is not fat soluble. Oil obtained via warm pressing can contain small amounts of poison. Cold pressed and otherwise untreated ricinus cakes are poisonous and must not be processed into animal food. Heating to 140°C destroyes the toxin, so that the meal cake after oil extraction can be used in animal fodder. 

9.3 Ricin, toxin

Several insects may feed on the plant. The plant protects itself by producing toxins. The seeds contain the highest concentration of poison. The most important component is the protein ricin. Other poisonous components are tricinin and ricinin. Ricin is synthesised in the endosperm of ripening seeds and is stored as inactive proricin in a cell organelle (“protein body”). [Endosperm is the polyploid food tissue of the seed.] In this way the plant allows its own ribosomes to function. Ricin becomes activated after proteolytic splitting into A and B components. The ricin A part binds to a specific adenine of 28S ribosomal RNA. It prevents further production of protein in the cell. Ricin kills aphids on the plant within 24 hours. Ricin is also active in humans and is deadly in minute amounts. This is illustrated by the strange story of the Bulgarian journalist Georgi Markov. In pure James Bond style he was murdered in 1978 near Waterloo station in London by sticking a very small ricin-containing platinum pellet into his leg with the tip of an umbrella. He died three days after the attack. In January 2003, ricin and a makeshift poison laboratory was found in a north London flat. Ricin can be used for terrorism. Early 2004, small amounts were found in a mailroom of the US senate. Investigations are under way.

*

Note: Abrus precatorius XE "Abrus precatorius: medical problems caused by plants, ricin" 
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Abrus precatorius (rosary bead) contains the very powerful poison abrin, a protein similar to ricin. The small seeds are a beautiful bright red with a black spot and are often used as beads. Swallowing just a few of the chewed seeds can be deadly. Small children should not be allowed to play with these “beads”. 

Abrus means gracefull and refers to the beautifull flowers. The term precatorius is derived from precor, which means "to pray" because the seeds are often used as ornamental beads in rosaries meant for prayers. The plant is commonly known as Ratti or Gunchi in India. Ancient Indian weights included terms as tola, masha and ratti. The ratti referred to a single ratti seed. This seed was the standard weight in the ancient Indian system of measurements, because the seed is fairly constant in weight; on avarage it weights about 105 mg. The seeds are about 100 times less poisonous when taken by mouth than when injected. Criminals can decorticate the seeds, removing their outer covering. The decorticated seeds are then powdered, mixed with spirit or water and made into a paste. Long thin needles can be formed from this paste and can be dried in the sun. When used to stab a person, enough poison is released to kill the victim.

9.4 Ricin toxin, application

The prevention of protein production can be used therapeutically. Ricin can be conjugated with antibodies, which are directed against neoplastic cells, for example. Using these immunotoxins it is possible to destroy T-cells from histocompatible donors in vitro during bone marrow transplantation. This reduces the risk of graft-versus-host disease. In autologous bone marrow transplantation, the patient’s own marrow is treated with anti-T-cell immunotoxins to destroy malignant T-cells in T-cell leukaemia and lymphomas. In basic research ricin is used to cause selective cell death e.g. after intracellular injection into axons. Cell death occurs after retroaxonal transport. It can be used therapeutically to destroy latent herpes simplex in the trigeminus ganglion. Ricin may be combined with lectins of varying specificities to unravel neuronal glycosylation patterns. It is also used in a model of neurodegenerative diseases. 

9.5 Ricin, toxic dose

It is important to know whether the ricin seeds have been chewed. If they have been swallowed whole, the hard seed coat will not let the poisonous protein through. For a child just 1-3 chewed seeds can be fatal. For an adult the fatal dose is estimated as 15-20 seeds. Among animals the horse is the most sensitive (0.1-0.2 mg/kg seed is fatal). Ricin is antigenically active and antitoxin is produced in the course of time.

9.6 Ricin, clinical aspects – diagnosis – treatment

Worldwide, one million tons of castor beans are processed annually in the production of castor oil. The waste is five percent ricin by weight. The toxin is also quite stable and extremely toxic by several routes of exposure, including the respiratory route.

*

Clinical signs, symptoms and pathological manifestations in intoxicated victims depends on the route of exposure. When inhaled as a small particle aerosol, ricin produces symptoms within 8 hours. Respiratory distress, fever, cough, dyspnea, nausea, and chest tightness are followed by profuse sweating, the development of pulmonary oedema, cyanosis, hypotension, and finally respiratory failure and circulatory collapse. Time to death ranges from 36-72 hours, depending on the dose received. Ingestion of ricin causes gastrointestinal signs and gastrointestinal hemorrhage with necrosis of liver, spleen and kidneys. Intramuscular administration causes severe localized pain, muscle and regional lymph node necrosis, and moderate involvement of visceral organs. Transient leukocytosis appears to be a constant feature, whether intoxication is via injection or oral ingestion. Leukocyte counts are 2- to 5-fold higher than the normal value. If death has not occurred in 3-5 days, the victim usually recovers.

*

No specific treatment exists and care is thus supportive. In cases of gastrointestinal exposure, gut decontamination via lavage, activated charcoal and cathartics is recommended. For intoxication via aerosol, supportive therapy to counteract acute pulmonary oedema and respiratory distress is indicated. Large amounts of volume replacement may be necessary. Intensive respiratory therapy, fluid and electrolyte replacement, anti-inflammatory agents and analgesics would likely be of benefit in treating aerosol-intoxicated humans.

*

For decontamination of exposed surfaces, it is important to know that ricin may be inactivated with 0.5% hypochlorite soution ("bleach").

10 Plant toxins, Ackee poisoning XE "Medical problems caused by plants: ackee poisoning" 
10.1 Ackee poisoning, summary

· Poisoning due to unripe fruits of the ackee tree

· Toxins: hypoglycin A and B

· Clinical picture of sudden vomiting and hypoglycaemia, liver steatosis

· Treatment with IV glucose

10.2 Ackee poisoning, history

The ackee tree Blighia sapida XE "Blighia sapida: medical problems caused by plants, ackee poisoning"  (synonym Cupania sapida XE "Cupania sapida: medical problems caused by plants, ackee poisoning" , family of Sapindaceae) comes originally from Ivory Coast and Ghana. The tree is planted there for shade and for its wood. In West Africa the green fruits are used for soap (they contain oil). The wood is not attacked by termites. The plant was introduced to Jamaica at the end of the 18th century by Captain Bligh (of Bounty mutiny fame) as food for the slaves. From Jamaica the tree spread to other islands in the Caribbean, Haiti, Trinidad, Cuba, the Bahamas, the Antilles, Central America, various South American countries, Florida and the Philippines. Due to its toxicity the importation of this fruit into the USA is forbidden by the American Food and Drug Administration.

10.3 Ackee poisoning, the plant

It is a beautiful tree with smooth grey bark. It grows to 10-12 metres. The tree grows well in tropical to subtropical areas and can grow up to 900 metres above sea level. The leaves are composite, and are 15 to 30 cm long. They are shiny on the upper side and lightly hairy on the underside. The small bisexual and male flowers form pleasant-smelling white flower clusters 7-17 cm across. The fruit is pear-shaped with three distinct lobes. The fruit is 7-10 cm across. The unripe fruit is green and the seed mantle is closed. When the fruit is ripe it opens spontaneously, showing the black, shiny seeds, each surrounded by a cream-coloured seed mantle. They are similar to their distant relatives, the lychee and rambutan. Normally there are three seeds, but in 30-50% of fruits 1 or 2 of the seeds are very small or absent. The base of each seed mantle (syn. aril) is attached on the stalk side by a pinkish orange membrane. When the fruit ripens it become yellow, then red. The fruit is eaten fresh, baked, boiled in milk or soup or processed into preserves.

10.4 Ackee poisoning, poisonous constituents

The fruit of the tree is rightly infamous. The seeds and the membrane at the base of the seed mantle are always poisonous. Only when the fruit ripens and opens naturally on the tree may the fruit be eaten. The membrane at the base should be removed. The seed mantle of unripe fruits contains the toxic constituents hypoglycin A and B. The gamma-glutamyl derivative of hypoglycin A is known as hypoglycin B. It is a water-soluble liver toxin. The poison limits the availability of various cofactors such as coenzyme A and carnitine. Hypoglycaemia results (disturbed gluconeogenesis), together with microvesicular steatosis of the liver (accumulation of lipid vesicles in the liver), hyperammonaemia (disturbed urea cycle) and metabolic acidosis. 

10.5 Ackee poisoning, epidemiology

When food is scarce and people eat the unripe fruits, there may be epidemics of hypoglycaemia. Uninformed young children may accidentally eat unripe fruits. Most cases of poisoning do in fact occur in young children (2-6 years). It is thus chiefly in the paediatric department that problems are seen. Sometimes more than one family member is affected, e.g. when several people have eaten unripe fruit or if water in which ackee fruit has been cooked, is re-used in the kitchen. Since the condition is well known in Jamaica, the disorder is sometimes described as “vomiting sickness of Jamaica”. This does not mean that there are not regularly cases in West Africa and in countries other than Jamaica. In Jamaica, the problem occurs principally during the cooler months, from November to April.

10.6 Ackee poisoning, clinical aspects

Ackee poisoning produces nausea and acute vomiting without diarrhoea, followed by dizziness, slight fever, convulsions, coma and death. There is extreme hypoglycaemia which can be corrected by IV glucose. The symptoms begin 2-3 hours after the meal, although the incubation time is sometimes shorter. The patient has intense thirst. There is pronounced sweating, tachypnoea and tachycardia, headache, general weakness and hypotonia. The child is confused or stuporous. Tonic-clonic convulsions occur in one quarter of patients. Fatty degeneration of the liver, similar to Reye’s syndrome, is seen. Death may follow within 12 hours.

10.7 Ackee poisoning, differential diagnosis

· Insulin-injections (accidental, therapeutic, murder, suicide) or insulinoma

· Oral antidiabetic medication overdose

· Hypoglycaemia due to pentamidine or quinine

· Chronic valproic acid toxicity

· Pregnancy with acute liver steatosis

· Reye’s syndrome

10.8 Ackee poisoning, diagnosis

The glycaemia should be determined in the laboratory as quickly as possible. It is wise to follow blood electrolytes, renal function, liver function, ammonaemia, coagulation tests, lactate and arterial pH (for the evaluation of acidosis). A CT-scan of the brain is normal in ackee poisoning. Gas chromatography of the urine shows an excess of medium-chain fatty acids. At autopsy massive liver steatosis is observed.

10.9 Ackee poisoning, treatment

The patient is treated with IV fluids containing glucose. Benzodiazepines are given in case of convulsions (also given as preventive). If possible intubate and give artificial respiration. Give activated charcoal PO, e.g. via nasogastric tube. The very large surface of the activated charcoal particles absorbs 100-1000 mg of poison per gram of carbon. Activated charcoal is not soluble in water. It is administered at 1 gram per kilogram of body weight. Do not mix activated charcoal with milk. In theory glycine, riboflavin and carnitine may be beneficial, but this has not yet been proven in clinical practice. The estimated useful dose of carnitine is 1-3 g per day PO or 50 mg/kg IV over 2-3 minutes. 

Attention
In diabetic hyperglycaemic coma and in delirium tremens, administration of glucose without thiamine may be dangerous. In people with thiamine deficiency (e.g. alcoholics), administration of glucose may trigger overt clinical symptoms of vitamin B1 deficiency. Acute beriberi may follow.

10.10 Ackee poisoning, prevention

Patients and their families should be informed of the risk of unripe ackee fruit. Eating unripe fruit and re-using water in which ackee fruit have been cooked in the kitchen, must be avoided. Malnutrition is a risk factor for severe poisoning. An information campaign should be organised for the general population at regular intervals.

11 Plant toxins, Lathyrism XE "Medical problems caused by plants: lathyrism" 
11.1 Lathyrism, summary

· Neurolathyrism and osteolathyrism

· Toxin in Lathyrus sativus XE "Lathyrus sativus: medical problems caused by plants, lathyrism" , a species of pea

· Excitatory neurotoxin beta-ODAP = BOAA; is a glutamate agonist

· Subacute paraparesis without sensory disturbance

· Beta-aminopropionitrile (BAPN) is a toxin found in Lathyrus odoratus
· BAPN interferes with collagen maturation, resulting in skeletal abnormalities

11.2 Lathyrism, general

Lathyrism is a disorder caused by long-term and excessive consumption of the grass pea Lathyrus sativus (Leguminosae). Sometimes other Lathyrus species are involved: L. odoratus XE "Lathyrus odoratus: medical problems caused by plants, lathyrism" , L. cicera XE "Lathyrus cicera: medical problems caused by plants, lathyrism" , L. ochrus XE "Lathyrus ochrus: medical problems caused by plants, lathyrism" , L. clymenum XE "Lathyrus clymenum: medical problems caused by plants, lathyrism" . The plant is a pulse which is still cultivated in India, Bangladesh, Nepal, Pakistan, Iran, the Middle East, southern Europe, Ethiopia and some places in South America. In India the plant is known as triputa or kesari dhal. Its use is common, in particular in Madhya Pradesh and Bihar. Cases have also been reported from China, Ukraine, Russia, Germany, Syria, Spain, Italy and France. Nowadays most of the problems with lathyrism are limited to India, Bangladesh and Ethiopia. 

11.3 Lathyrism, the plant

There are approximately 180 species of the genus Lathyrus. L. sativus can survive at low nutrient levels and grows on various different types of soil, including semi-arid regions with low fertility. In acid soils the farmer needs to add calcium. The plant lives in symbiosis with Rhizobium (nitrogen-fixing bacteria in the root nodules) and in this way adds nitrogen to the soil. In India the plant grows up to 1300 metres above sea level. In Ethiopia it can be cultivated up to 3000 metres above sea level. The yield varies from 900 to 1500 kg per hectare. The plant exhibits important morphologic variations. Osmotic stress increases the concentration of poison. 

11.4 Lathyrism, history

As early as 400 BC the Indian physician Charak associated eating triputa (L. sativus) with the occurrence of a neurological syndrome. Hippocrates (460-377 BC) wrote that “all men and women who continuously eat peas become impotent in the legs and this situation does not improve”. In 1671 the Duke of Wurtemberg passed an edict forbidding the use of L. sativus flour for bread due to its paralytic effects on the legs. In Allahabad, India, attempts were made to prevent cultivation in 1870, but without success. In September 1942, during the Second World War, in a German concentration camp for Rumanian Jews on the Ukrainian border, the flour from this plant was used for daily bread. In December of the same year more than 800 inmates had developed lathyrism. It is estimated that current world production is 12 million tons. The peas are sometimes illegally mixed with the more expensive Cajanus cajan XE "Cajanus cajan: medical problems caused by plants, lathyrism"  (red gram) and the flour is sometimes illegally mixed with that from Cicer arietinum XE "Cicer arietinum: medical problems caused by plants, lathyrism"  (Bengal gram). The result is that the earlier epidemic nature of lathyrism has now been replaced by sporadic cases and cases can easily be missed. The plant is sometimes used as cattle fodder. It is chiefly the poor people in the community who exhibit the most severe symptoms. In endemic areas they are sometimes paid in food. At times of famine the plant is a lifesaver; it can after all still ensure a good yield in unfavourable conditions. 

11.5 Lathyrism, poison

It is assumed at present that the poison responsible in the peas is the glutamate analogue beta-(N)-oxalylamino-L-alanine acid (BOAA), also known as beta-N-oxalyl-diamino-propionic acid (beta-ODAP). This neuro-excitatory toxin is a powerful agonist of certain glutamate receptors in the nervous system. Beta-ODAP concentrations vary widely from 0.2 mg to more than 1 mg per gram of seed. If seeds are immersed in water for 24 hours before cooking, the toxin leachs away. However, it is possible that beta-ODAP is not the only poison in the plant. 

*

The related plant Lathyrus odoratus contains the toxic beta-amino-propionitrile (BAPN). Long-term consumption may lead to skeletal changes. The substance BAPN is an irreversible inhibitor of lysyl oxidase, an enzyme necessary for the covalent cross-linking of tropocollagen molecules during the maturation of mature collagen. A metabolic precursor of BAPN is found in the vegetative parts and unripe seeds of L. sativus. It is probably co-responsible for the osteolathyrism which is sometimes seen after consumption of L. sativus. The role of the related substances dimethylaminopropionitrile (DMAPN) and beta-iminodipropionitrile (IDPN), which are chronic neurotoxins in humans and animals respectively, needs to be further researched.

*

A similar toxin, beta-methylamino-L-alanine, is suspected in causing lytico-bodig, a severe neurological disease endemic in Guam, one of the Mariana Islands in the Pacific Ocean.  
*

Note: Collagen and osteolathyrism

Collagen is the name of a family of related molecules. It is the most important fibrous molecule in skin, bone, tendons, cartilage, blood vessels and teeth. In humans we can differentiate between five main types of collagen (types I to V) and a number of minor types. As with other secreted proteins, collagen polypeptides are synthesised in the rough endoplasmic reticulum. The protein chains then pass into the Golgi apparatus, where post-translational modifications take place (chiefly the hydroxylation of proline and lysine side chains). Before secretion, three polypeptide chains combine in the form of a triple spiral. This form is known as procollagen. After excretion into the extracellular space, small extension polypeptides on the N and C terminals of the helix are removed by peptidases, in order to form tropocollagen. The tropocollagen molecules aggregate to microfibrils and are then cross-linked to mature collagen. Tropocollagen is cross-linked, not via sulphur bridges as is the case with many proteins, but via bonds between lysine and its aldehyde derivative allysine. The conversion of lysine to allysine is catalysed by lysyl oxydase. If there is a specific mutation in this enzyme, Ehlers-Danlos syndrome type V develops, resulting in hypermobile joints and hyperelasticity of the skin ("rubber man syndrome"). The same enzyme is inhibited by the BAPN toxin from Lathyrus odoratus, resulting in osteolathyrism.

*
Almost one third of the amino acid content in collagen consists of the small glycine, while almost one quarter consists of proline. This is very unusual. Every third amino acid is glycine, because it is the only amino acid which is so small that no steric hindrance occurs in the helical structure. The hydroxylated amino acids 4-hydroxyproline and 5-hydroxylysine only occur in collagen. They are formed from their original amino acid by the enzymes proline hydroxylase and lysine hydroxylase respectively. These proteins contain a Fe2+ ion at their reaction centre and need ascorbic acid (vitamin C) for their activity. Vitamin C is necessary as an antioxidant to keep iron in its bivalent state. Hydroxyproline is very important for the stability of collagen, in the formation of hydrogen bridges. In vitamin C deficiency, hydroxyproline and hydroxylysine are not produced, which leads to weak collagen fibres, resulting in skin lesions and fragile blood vessels (see Chapter on scurvy). 

11.6 Lathyrism, clinical aspects

11.6.1 Neurolathyrism

Animals, chiefly horses, develop paralysis of their hind legs if they are given Lathyrus regularly as fodder. In humans too, there may be problems if these peas are eaten over a prolonged period. Neurolathyrism is characterised by a purely motor hypertonic paresis, in which the legs are affected more than the arms. This is clinically very similar to konzo and to HTLV-1-related tropical spastic paraparesis, but the patient will be seronegative and will not have consumed badly processed  bitter cassava (i.e. dietary exposure to cyanide). It is a form of irreversible non-progressive degeneration of the spinal cord. The onset of the symptoms and complaints occur over the course of several weeks, with weakness, stiffness and heaviness of the legs, muscle pain, frequent falls and disturbed gait, micturition problems and sphincter spasms. The signs of motor neuron disorder are pronounced in the lower limbs. Death follows in extreme cases. 

11.6.2 Osteolathyrism

The incidence of osteolathyrism in humans is quite poorly documented. Patients develop bone pain and disfigurement of bones, including vertebrae and pelvis. This is to be distinguished from Kashin-Beck's disease.

11.7 Lathyrism, diagnosis

The diagnosis of neurolathyrism is based on 5 criteria: 

· consumption of large amounts of Lathyrus sativus in the weeks prior to the disturbed gait.

· pronounced hypertonic paraparesis

· normal cerebellar tests

· normal feeling and normal cerebral nerves

· no obvious other reason for the paraparesis (cf. Pott’s paralysis, konzo or HTLV-1 infection)

*

Evoked somatosensory potentials are normal. There are insufficient anatomopathological data but it is probable that the most important abnormalities are found in the pyramidal system and the motor cortex. In neurolathyrism there is microgliosis in the anterior horn cells and lateral tracts, followed by partial degeneration of the motor pathways of the spinal cord. More research is necessary.

11.8 Lathyrism, treatment

Further consumption of these peas should not be allowed. This is often more easily said than done. The hypertonicity can to a certain extent be controlled by baclofen XE "Baclofen: lathyrism, treatment"  (Dantrium®, Lioresal®) or tizanidine XE "Tizanidine: lathyrism, treatment"  (Sirdalud®). 

11.9 Lathyrism, prevention

There is an international network for the improvement of Lathyrus sativus and the reduction of Lathyrism (INILSEL), with a coordination centre in Pau, France. After identification of beta-ODAP as the toxin, an attempt was made to cultivate toxin-free plants (without beta-ODAP). Since late-onset osteolathyrism has been ascertained in survivors of the above-mentioned concentration camp, 35 years after the event, extreme caution is needed with these “low poison” varieties, because under certain conditions, e.g. unripe seeds, other toxins may be present in the plant. Supplementation of grass pea with food-aid cereals (e.g. at least one third) can be tried to diminish neurolathyrism. Soaking and rinsing seeds before cooking (reduce the availability of the water-soluble neurotoxin) is of doubtfull value in field situations.

12 Lytico-bodig XE "Lytico-bodig: medical problems caused by plants" 

 XE "Medical problems caused by plants: Lytico-bodig" 
12.1 Guam, history

Guam is the largest of the Mariana Islands in the Western Pacific. In March 1521, the Portuguese sailor Magelhaes was the first Western explorer to land on Guam. Pigafetta, the writer aboard Magelhaes’ ship, made a short description of the island and its native people, the Chamorro. Guam was occupied by the Spanish in 1565. In 1668 a near-genocide was started and by 1710 most Chamorros had disappeared. In 1819, an extensive description of the island and its surviving inhabitants was made by Jacques Arago, an artist aboard the French expedition corvette Uranie. Leprosy and other illnesses were described, but he made no mention of a severe paralysis. At the end of the Spanish-American war in 1898, the island was handed over to the US government. After the Second World War, the island was retaken from the Japanese by American Forces. There has been a dramatic improvement of the Chamorro standard of living after World War II.

12.2 Evolution of the disease

During the long period of foreign occupation, not one explorer, missionary or colonist mentioned a fatal paralysis among the Chamorro. This healthy state of affairs continued till the beginning of the 20th century. Even in 1902, the American vice-governor William Safford reported that the Chamorro were “remarkably free from disease and physical defects, and lived to a great age”. However, in1904, three death certificates mentioned some form of paralysis. The number of cases grew, until by 1940, neurological disease was the leading cause of death among adult Chamorro. After the second World War, Harry Zimmerman, a US Navy doctor, described that a special neurological disease was very common among adult Chamorro. In some patients the symptoms were similar to those of amyotrophic lateral sclerosis, and in others, the disease resembled Parkinson’s disease ± dementia. It became known as ALS/PDC (amyotrophic lateral sclerosis and Parkinson-dementia complex). The local names were lytico and bodig. Lytico referred to a progressive paralysis which resembled amyotrophic lateral sclerosis. Bodig resembled parkinsonism, sometimes with dementia. Between 1940 and 1965, lytico-bodig became the leading cause of death for adult Chamorro. In the remote village of Umatac, the incidence was the highest of all.

12.3 Other geographical areas

Lytico-bodig was though to be unique for Guam, but in 1962, Carleton Gajdusek  (discoverer of the prion disease kuru) discovered a disease which resembled lytico-bodig, among the Jakai and Auyu people in the southern coastal plain in western Papua New Guinea.  Kiyoshi Kimura and Yoshiro Yase discovered in Japan a third focus on the Kii peninsula (Honshu, Japan).

12.4 Clinical aspects

The disease has a wide spectrum of symptoms ranging from ALS-like muscle degeneration and weakening to Parkinson-like tremor and catatonia as well as dementia. Parkinson-dementia complex (PDC) refers to a disorder that combines the tremor of Parkinson's disease with the memory loss of Alzheimer's. The disease has a late onset and generally appears between the ages of 25-40 years old. In general, patients with bodig tend to be about 10 years older than lytico patients. They can have difficulties in taking initiatives, e.g. waiting for a question to be asked in order to answer, but not starting a sentence without being asked. Severe dementia, speaking and swallowing problems, spasticity of arms and legs, sometimes with contractures, characterise some patients. A loss of sense of smell is common. Many have memory problems. The akinesia which mimics catatonia with extreme lack of movement, with little tremor or stiffness, and with an immobility which can suddenly disappear, resembles encephalitis lethargica (Von Economo's disease). The parkinsonism is characterized by disturbed sleep, stupor, mental and physical slowing and immobility. Some have tremor and stiffness, others have increased salivation and sweating. About 50% of patients with lytico-bodig have strange, curly tracts on the retina (visible with indirect ophthalmoscopy). About 20% of the Chamorro older than 50 years have these lesions. Treatment is based on  physiotherapy. L-dopa became available in 1967. Patterns on the ground or music can help in walking. Especially the acceptance and care provided by the family is of major importance. 

12.5 Aetiology

The disease itself is dramatically clear, but the cause was a mystery. In Guam, ALS/PDC wasn't found among non-natives. Among the Chamorro, it runs in families, especially in those with a traditional lifestyle. The three main hypotheses which were put forward were toxins (organic or mineral), viruses (postencephalitis, slow virus or prions) and genetic mutations. Ciguatera neurotoxins which are common in Guam, were a suspect, as was Japanese encephalitis. Other forms of Parkinson’s disease are caused by manganese intoxication (in Chili), the drug MTTP, postinfectious, genetic or unknown. The lack of superoxide dismutase (SOD1) gene defects in Guam contrasts with the findings in ALS in the Western World, where defects of this enzyme are associated with familial forms of the disease. Lytico-bodig resembles to a certain extent neurolathyrism. Could both diseases have a similar cause? In 1963, the anthropologist Marjorie Whiting made an in depth investigation into the local cuisine, and she concluded that consumption and medicinal use of cycads were linked to the disease. Cycads contain a large amount of starch in roots, stem, seeds as well as many bioactive compounds. Fadang or federico is the name Chamorro give to the cycad flour. The people of Guam depended heavily on flour made from the starch extracted from cycad seeds, particularly when there were food shortages during and after World War II. Flour made from cycad nuts contains the neurotoxic beta-methylamino-L-alanine (BMAA). However, processing the flour reduced the concentration of the toxin to very low levels. The toxin was discovered in the brain of people who died of ALS/PDC with concentrations of around 7 microgram/gram. If this scenario would be true, then why did the disease not exist in earlier times? In the Kii peninsula, cycads were used in phytotherapy, where fresh seeds were used on open wounds. In Irian Jaya, a different species of cycad is used by the people.

12.6 Brain pathology 

One of the pathological features of the Guamian ALS-PD include neurofibrillary tangles, which are found in damaged nerve cells and are a hallmark of many neurodegenerative diseases, such as Alzheimer's disease and progressive supranuclear palsy (Steele-Richardson-Olszewski syndrome). The histological and cytological characteristics of progressive supranuclear palsy, Von Economo’s disease and lytico-bodig were very similar. Alzheimer plaques are not present in lytico-bodig. Mid 1970’s, the pathologists Frank Andersen and Leung Chen discovered that brains from traffic accident victims born before 1940 showed clear pathological abnormalities. People born between 1940 and 1950 had few neurofibrillary tangles and people born after 1950 never had any tangles. Prominent cerebral atrophy, especially of the temporal lobes, was observed. The substantia nigra and locus ceruleus were atrophied and depigmented. In general, Lewy bodies and senile plaques were absent. 

12.7 Cycads

The Kingdom of plants is divided in bryophytes (mosses, liverworts and hornworts) and vascular plants. Among the vascular plants there are seedless vascular plants (e.g. horsetails, ferns, lycophytes) and seed plants [(1) gymnosperms [“naked seeds”], such as cycads, ginkgo, gnetophytes and conifers; and (2) angiosperms, such as dicotyledons and monocotyledons]. Cycads are also known as sago palms. Do not confuse cycads with true palm trees. True palms are monocot angiosperms and cycads are gymnosperms. Cycads are among the most primitive living seed-plants found today. Cycads do not have flowers.  The plants always have separate sexes, so that male and female cones are present on different plants.  Male cones are warm, because of heat produced via the break down of lipids and starch. They produce massive amounts of pollen. These pollen were once suspected of causing the disease. The pollen produce gigantic sperm cells with many flagelles (higher plants do not have motile sperm). The female cones contain very large egg cells. Female seeds are as large as plums. The seeds are enclosed by a brightly colored soft  layer (sarcotesta).

*

There are almost two hundred cycad species, divided into 11 families. The Guam tree was initially known as Cycas circinalis XE "Cycas circinalis: Lytico-bodig" , which was later changed into Cycas micronesica XE "Cycas micronesica: Lytico-bodig" . Some botanic experts state that C. circinalis s.s. only occurs in Sri Lanka and India. C. celebica XE "Cycas celebica: Lytico-bodig"  is another name which was proposed for the Guam tree. The etymology of Cycas circinalis refers to the Latin circinus, a spiral, in reference to the inrolled leaflets in developing leaves. 

Cycads form symbioses with nitrogen-fixing cyanobacteria (formerly known as the blue-green algae). These cyanobacteria are endosymbionts, living within the roots. They provide fixed carbon and a stable environment for the cyanobacteria in exchange for nitrogen. In addition to normal roots, cycads develop specialized organs at a young age called precoralloid roots. These roots grow upward toward the surface of the soil, instead of downward.  Upon successful colonization by cyanobacteria, precoralloids begin an irreversible transformation into coralloid roots, so named for their resemblance to coral. Within the coralloid root is a cyanobacterial zone, which is the region inhabited by cyanobacteria. 

12.8 Toxin

Cycads are often highly toxic, containing both neurotoxins and carcinogenic compounds. George Rumphius was a botanist working as an officer for the Dutch East Indian Company, working mainly in Southeast Asia and India. He described the first  cycad in Malabar. He wrote that the juice obtained from cycad seeds was used to kill young children in Celebes. In Honduras, Zamia roots were used to kill enemies or criminals. Members of Cook’s expedition became sick after eating cycad seeds in Australia and members of the La Pérousse expedition became ill after eating Macrozamia communis XE "Macrozamia communis: Lytico-bodig"  seeds in Botany Bay, Australia. Cycad poisoning in sheep is well known. Either gastrointestinal disturbances with liver damage is seen, or else paralysis of the hind limbs and death due to starvation. In Australia, this paralysis is known as 'zamia staggers' and results from cattle grazing on cycad leaves. In the affected animals nerve cell death is seen in the spinal cord.

*

Cycasin is a glycoside and was isolated form cycads in 1950. Large amounts provoke liver failure; small amounts are carcinogenic. Methazoxymethanol is derived from cycasin and is neurotoxic. Another toxin is BMAA, an aminoacid which resembles BOAA, beta-N-oxalylamino-L-alanine (see lathyrism). Pete Spencer, a neurotoxicologist, discovered that large doses of BMAA provoked a neurological syndrome in cynomolgus monkeys after 8 weeks of administration. Very high doses provoked an ALS-like syndrome, and somewhat lower doses provoked a Parkinson’s disease-like syndrome similar to lytico. The symptoms were acute, non-progressive and dose-related (as opposed to the human disease). But neurotoxins usually act fast, in a matter of days or weeks, not years.

12.9 Fruit Bats

In 2002, neurologist Oliver Sacks and etnobotanist Paul Cox (director of the National Tropical Botanical Garden in Kalaheo, Hawaii), suggested that BMAA could still be the cause of lytico-bodig. Besides eating tortillas made from cycad flour, people also ate the local flying foxes. Cycad seeds were part of the animals’ diet. If BMAA would accumulate in the tissues of the bats, people could be exposed to damaging doses. Since flying foxes feed on the seed sarcotesta it is important to understand the distribution of BMAA in the various tissues of the cycad. BMAA is concentrated in cycad reproductive organs, with the highest concentrations being found in the outmost layer of the sarcotesta. This finding is consistent with the putative evolutionary role of BMAA as an antiherbivory compound, as well as the accumulation of the compound in flying foxes that ingest the seed sarcotesta.  Since the bats feed on cycads and eat twice their body weight every night, their tissues accumulate levels of toxin much higher than those in cycad flour.

*

The disease appeared early in the 20th century, reached a peak around 1940 and then began to decline. No one born since 1961 has developed the disease.  This rise and fall mirrors the consumption of flying foxes. Fruit bats, boiled in coconut milk and then consumed from head to toe, were a meal usually reserved for special occasions. The traditional way of catching the bats was to net them in the bread fruit trees where they roost. This is however easier said than done. Flying foxes tend to notice hunters and fly away. However, after the American take over, the Chamorro began to acquire guns, making it much easier to kill flying foxes. At the same time, the island acquired a cash economy, allowing hunters to sell their bats. Consumption of flying foxes soared, and so did the number of cases of ALS/PDC. Demand eventually outstripped supply. By the mid-1970s, steady hunting and consumption had nearly extinguished the bats, and Guam began importing bats from Samoa, where there are no indigenous cycad trees. One of two native species of flying fox became extinct. The second, Pteropus mariannus XE "Pteropus mariannus: Lytico-bodig" , survived, but today, only a small colony (less than 100 animals) survives on the US strategic air command base. 

*

In cycads, the toxin is concentrated in the seeds and its protective coat, which on average contains 9 microgram per gram of tissue. The concentration in live bats could not be tested, but in 2003, researchers managed to test 50-year-old museum specimens. They contained almost 400 times as much as the cycad’s seed coat. It is now thought that a constant low level of toxins in the brain is enough to kill neurons. 

12.10 Cyanobacteria

In 2002, Cox, Banack and the Canadian biochemist Susan Murch discovered that BMAA is actually produced by a cyanobacterium that lives inside the cycad’s corraloid roots, which grow up through the soil and form clumps at the surface. The micro-organisms fix nitrogen, providing the cycad with an important nutrient. The cycad divert the BMAA to its seeds, possibly as a protection from herbivores. The cyanobacterial origin of the toxin might explain the existence of ALS/PDC in other places where there are cycads or bats are not a staple food, such as in the people of the Kii peninsula of Japan and the Auyu and Jakai people of Irian Jaya. It is possible that the toxin could find its way into the diet via other routes. 

13 Plant toxins, Konzo XE "Medical problems caused by plants: konzo" 
13.1 Konzo, summary

· Acute hypertonic paraparesis

· Cyanide intoxication caused by badly processed bitter cassava (manioc)
· Other factors such as deficiency of sulphur-containing amino acids might be important
13.2 Konzo, definition

Konzo is characterised by an acute isolated and symmetrical hypertonic paraparesis, which is permanent but non-progressive. The condition is to date only known in poor regions of Africa. In the Yaka valley konzo means “bound legs”, a good description of the hypertonic gait. This is the name used in Congo and is now the official term for this motor neuron disorder.

13.3 Konzo, epidemiology

Two large epidemics have been reported, each of more than 1000 cases. The first was in the Bandundu region in Congo (1936-37) and the second in the Nampulla province of Mozambique (1981). Small outbreaks have been reported from Congo, Mozambique, Tanzania and the Central African Republic. Sporadic cases of konzo also occur. The majority of cases of konzo occur in the dry season, chiefly during a long drought. Children who are being breastfed are not affected. Familial clustering is common. 

13.4 Konzo, aetiology

The aetiology of konzo has not yet been fully clarified. At present a toxic/nutritional aetiology is assumed. There is an epidemiological connection between konzo and eating bitter cassava. Nevertheless, konzo only occurs in 1% of the cassava consuming population. Consumption of bitter cassava is a precondition, but not in itself sufficient to induce konzo. Epidemics coincide with periods of food shortage, drought, intense trading in cassava, and war. These are circumstances in which people may be inclined to shorten the long preparation which bitter cassava requires. If shortcuts are taken to process the cassava quickly, large amounts of cyanogens may remain in the food. The disorder can be regarded as a chronic cyanide intoxication, although the final word on this has not yet been spoken.

13.5 Konzo, cassava, general

In many tropical regions cassava, or manioc, is the staple diet. There are various species, all belonging to the Euphorbiaceae: Manihot esculenta XE "Manihot esculenta: medical problems caused by plants, konzo cassava" , M. aipi XE "Manihot aipi: medical problems caused by plants, konzo cassava"  and M. utilissima XE "Manihot utilissima: medical problems caused by plants, konzo cassava" . There are “sweet” and “bitter” varieties. In particular the bitter form survives well under dry conditions. The young leaves and shoots may be eaten as vegetables ("saka saka"). The tubers contain large amounts of starch. This is processed into flour (tapioca). It is an easy plant to grow in all kinds of conditions, and gives a good yield. It is usually harvested after 18 months. The cassava roots, when they are still attached to the stalk, remain good for many months if stored under the earth. Once harvested, however, deterioration begins quite quickly. There is an unwanted conversion of starch to sugar and a number of enzymatic reactions occur which cause discoloration of the product and reduces its value. Bacterial and fungal deterioration also occur. Drying the roots to a moisture content of less than 14% prolongs their storage life considerably. The roots of various plants are able to generate 31-630 mg HCN per kilogram, an enormous range. Low-cyanide varieties have less than 100 mg HCN-equivalent per kg of fresh weight. High-cyanide varieties have higher concentrations. If large amounts of bitter cassava are eaten for long periods, without special precautionary measures being taken to remove the toxin from the plant, and if there is a deficiency in sulphur-containing amino acids, a neurological disorder, known as konzo, results.

13.6 Konzo, cassava and cyanide

The capacity to produce toxic hydrogen cyanide is present in more than 2000 plant species, classified into over 100 plant families. In all cases the HCN is not stored as such in the cells. The plant produces complex molecules, generally glucosides, but also some lipids. From these, HCN can enzymatically be released. The enzyme that accelerates this reaction is physically separated from the cyanogenic substance. If the plant is crushed and its structural integrity is threatened, the enzyme comes into contact with the cyanogenic substance and the reaction can then take place. Teleologically, it can be assumed that the cyanide is intended to protect the plant from damage. 

*

The bitter varieties contain large amounts of the cyanogenic glucosides linamarin and lotaustralin, in a ratio of 10 to 1. Linamarin is found in vacuoles in the cytoplasm. The concentrations are highest in the peel. Linamarase, the enzyme which breaks down linamarin, is found in the cell wall. When the cells burst (accidental crushing of the plant, being eaten by insects or during processing), the linamarin comes into contact with linamarase. This enzyme splits linamarin into glucose and acetone cyanohydrin. The latter spontaneously releases acetone and HCN. This reaction may be accelerated by the cassava enzyme hydroxynitril lyase. Once HCN has been produced, it spreads in the air as gas (boiling point of HCN = 25.7°C). 

*

Cyanide (CN-) is normally converted in humans to the less toxic thiocyanate (SCN-) by the enzyme rhodanase, a mitochondrial enzyme which is widely present throughout the human body, with the highest concentrations in the liver and kidneys. Thiocyanate is the chief metabolite of cyanide. Thiocyanate itself has a goitrogenic effect if there is a shortage of iodine in the diet. The body uses sulphur-containing amino acids to render cyanide harmless. If the diet is deficient in sulphur, cyanide will be converted to cyanate (OCN-), which induces neurogenerative disease in both animals and humans. The cells which are most affected are Betz’ cells in the motor cortex.

13.7 Konzo, clinical aspects

Konzo begins abruptly, without prodromal signs. In 90% of cases the onset of symptoms takes less than one day. The initial symptoms are described as tremor, cramps, a heavy feeling and/or weakness in the legs, a tendency to fall down and difficulty remaining upright. There is a visible hypertonic gait when walking or running. Occasionally there will be lower back pain, blurred vision, speech difficulties and/or paresthesia of the legs, but they disappear within a month. During the first two days the majority of patients have general muscular weakness and are confined to bed. Hypertonicity is present from day one. Flaccid paralysis of the limbs does not occur. Later there is a slight partial improvement. Finally the affected person develops a stable hypertonic paraparesis, which persists for the remainder of life, or might improve a little. After onset the neurological signs remain constant or improve minimally if no further cyanide is ingested, unlike for example HTLV-1 infection in which further deterioration takes place. Some sufferers will later have a second attack with deterioration of their condition, possibly with dysarthria, abnormalities of eye movement, hypertonicity of the arms. There are indications that cyanide is not the only factor responsible for this disease.

*

Note: motor neuron disease

The term “motor neuron disease” includes disorders in which (1) both the upper and the lower motor neurons are affected (amyotrophic lateral sclerosis), (2) disorders in which only the lower motor neurons are abnormal (spinal muscular atrophies, post-poliomyelitis syndrome) and (3) disorders of exclusively the upper motor neurons (neurolathyrism, konzo). 

13.8 Konzo, physical examination

An isolated hypertonic paraparesis is ascertained, with no other neurologic abnormalities. Since this is an upper motor neuron disorder, very brisk reflexes are found in the legs and Babinski’s sign is present. There are no sexual, sphincter, cerebral or sensory abnormalities. Pronounced clonus occurs, or may be triggered by physical examination, e.g. dorsiflexion at the ankle joint. 

13.9 Konzo, diagnosis

The following criteria are used for the diagnosis of konzo: 

· a visible hypertonic gait when walking or running

· the onset of the disease takes less than one week and then remains stable
· bilateral brisk knee and Achilles tendon reflexes without signs of vertebral lesions 
· eating bitter cassava and no consumption of grass peas (Lathyrus sativus)
Laboratory tests

Urinary concentrations of thiocyanate and linamarin are elevated. The patient is HTLV-1 negative. 

13.10 Konzo, treatment

There is no known aetiological treatment for konzo. Treatment with sodium thiosulphate (Na2S2O3), a cyanide antidote, gave disappointing results. A good and varied diet, high dose multivitamins and physical rehabilitation are advised. Since the sufferers have no cognitive defects, affected children should be encouraged to continue their education. 

13.11 Konzo, prevention

Konzo is not a large public health problem when Africa is regarded as a whole. It is, however, a real problem in the communities affected and of course for the individual patient. The message should be that (1) konzo is not infectious in order to avoid sufferers becoming socially isolated, (2) cassava should be processed correctly without missing out any steps (shortcuts in processing are to be avoided), (3) a varied diet is important. The tubers can be made safe by correct processing. As a first step the cells should be burst in order to bring the linamarin into contact with the endogenous glucosidase. In a second step (drying or heating) cyanohydrin is converted to hydrogen cyanide which then evaporates (this is faster at a higher temperature). The following precautionary measures should be taken when preparing cassava: 

· Fermenting by immersion in water, followed by drying in the sun or cooking, (sufficient time necessary, usually 3 days or longer if the water is cold)

· Grating and fermenting of fresh pulp followed by drying with heat (at least 2 days needed). 
· Direct drying of the roots in the sun (less effective)
14 Opium, morphine, heroin and methadone 

Opium is obtained from the latex of unripe seedpods of Papaver somniferum XE "Papaver somniferum: medical problems caused by plants, opium, morphine, heroin and methadone"  and to a lesser extent from Papaver bracteatum and P. setigerum XE "Papaver bracteatum: medical problems caused by plants, opium, morphine, heroin and methadone" . Opium was already known in antiquity and was described in the Travels of Odysseus as the nepenthe in the Land of the Lotus Eaters. Thebaine, one of the alkaloids in opium, derives its name from the Egyptian city of Thebes, referring to the explicit description in the “therapeutic papyrus of Thebes” (Ebers’ papyrus). Opium has been used for thousands of years by man as an analgesic, anti-diarrhoeal and anti-stomach ache agent and as a means for murder and suicide. It is also widely used for calming babies. It had great military importance as a pain-killer for casualties on the battlefield. It was an essential ingredient of old remedies such as theriac, mithridate, philonium and diascordium. Opium can be eaten or drunk as opium tincture. Laudanum is obtained by mixing opium with alcohol. Paregoric is obtained by mixing opium with alcohol (sherry, port or Madeira wine), camphor and calcium salts. Cinnamon, (oil of) cloves, saffron and/or nutmeg are also often added. Combinations with henbane (Hyoscyamus niger XE "Hyoscyamus niger: medical problems caused by plants, opium, morphine, heroin and methadone" ), mandrake (mandragora) and/or calomel (mercury chloride) were popular. Smoking of opium arose later, after the popularisation of tobacco as a stimulant. Massive quantities were legally imported into Europe, principally from Turkey (then the best quality, 12% morphine). In England imports of opium between 1827 and 1869 rose from 41 tons to 127 tons per year. The most familiar varieties were Dover powder and chlorodyne. Dover powder was named after Thomas Dover, a colourful figure who was an apprentice of Sydenham and better known as the rescuer of Alexander Selkirk after his survival on the Juan Fernandez islands (basis of Defoe’s Robinson Crusoe). Chlorodyne was prepared from a chloroform extract of opium mixed with cannabis tincture and later with peppermint and caramel. In 1730 opium was produced for the first time in England, through the agency of Dr. Alston, a professor of botany. Large sums of money and gold medals were paid out for better yields of the white poppy, especially for those grown in the Fens, a low-lying marshland in Lincolnshire, Norfolk and Cambridgeshire. Opium was produced perfectly legally on a large scale in British India and exported to China (cf. opium wars). The attitude to “drugs”, including not only opium, but also, for example, cocaine has changed markedly in our society. It should not be forgotten that it is only since 1903 that Coca-Cola was no longer allowed to contain cocaine. Before that a glass of Coca Cola contained approximately 60 mg of cocaine. The cocaine-containing Vin Mariani was also very popular at this same period. It is still not so long ago that Brompton cocktail, a mixture of heroin, cocaine and alcohol, was used for terminally ill cancer patients.
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*

Raw opium is a complex mixture and contains among other things the alkaloids codeine, noscapine, thebaine, morphine and papaverine. In 1806 Friedrich Wilhelm Adam Sertürner, a German pharmacist’s assistant, isolated morphine for the first time. It appeared to be a nitrogen-containing base, which was revolutionary, as it was thought at that time that all organic substances were acids. The hunt was on for other alkaloids, such as strychnine, discovered in 1877, caffeine in 1820, nicotine in 1829, codeine in 1832, thebaine in 1835 and papaverine in 1848. Since the isolation of morphine by Sertürner, 44 alkaloids have been isolated from the opium poppy. Isolation of the most important constituent of opium thereafter made it possible to administer an accurate dosage (raw opium exhibited great batch to batch variation of active ingredients). Heroin is a semisynthetic derivative compound (diacetylmorphine) obtained from morphine and acetic acid. Heroin (from the German “heroisch” (heroic)) was initially synthesised in London in 1874, but thereafter was improved by Mr Dreser of Bayer in 1898. It appeared to be an addictive without equal. The chemical derivative etorphine, which appeared to be some 10,000 times more potent than morphine, was developed in 1960.

*

During World War II the Germans no longer had access to the poppy fields of Turkey. Alleviation of pain was enormously important during the war. Adolf Hitler forced German chemists to synthesise a morphine substitute. An active white crystalline powder was developed and named “Adolophine” after Adolf and after the analgesic properties (“a-dolor:  no pain). The Americans altered the name to “dolophine”. In 1965 this was released for clinical use in heroin addiction under the name methadone. This compound should permit the heroin dose to be reduced or even totally stopped, though other problems arise. It is advisable to familiarise oneself with the symptoms of overdosing (coma and miosis). Narcan® (naloxone) is used as antidote. LAAM (laevo-alpha-acetyl-methadol) is a long-acting methadone analogue. Methadone and laevomethadyl acetate are two µ-opioid agonists. Since methadone causes a mild “high”, there is a risk of addiction to this compound. It should be possible to get round this by using buprenorphine mixed with naloxone (Suboxone®). Naltrexone is an opiate antagonist that is likewise used (also in the treatment of alcoholism). An injectable form of naltrexone (Naltrel®) exists for helping people to kick the habit. [ “Kicking” is thought to refer to the convulsions of the legs, a symptom during acute deprivation].

15 Acetylcholine and synaptic toxins XE "Medical problems caused by plants: synaptic toxins" 
15.1 Acetylcholine, general

Acetylcholine appears in various chapters, from snake bites to the eating of poisonous fish, from myasthenia gravis following intoxication by tropanes (plant alkaloids) or insecticides, to muscle relaxation during surgical operations. The synthesis of acetylcholine takes place in the cytoplasm of the nerve endings. Acetylcoenzyme-A provides an acetyl group which is transferred to choline with the help of choline-acetyl transferase. Acetylcholine is a neurotransmitter. When an action potential reaches the nerve endings, acetylcholine is released into the synapse, diffuses across the synaptic cleft, binds with the post-synaptic receptor and depolarises the post-synaptic cell. To terminate the stimulation, acetylcholine which is free in the synaptic cleft is broken down by acetylcholine-esterase. The choline binds to a carrier and is returned to the pre-synaptic cell. 

*

Acetylcholine is an important neurotransmitter. 

· A neurotransmitter in the brain

· Preganglionic in the whole autonomous nervous system, both parasympathetic and orthosympathetic

· All parasympathetic postganglionic nerve endings

· Postganglionic orthosympathetic nervous system: sweat glands and blood vessels (vasodilatation)

· Neuromuscular junction (striated muscle)

· Release of adrenaline from the adrenal medulla

*

Acetylcholine can bind to two types of receptors:

· nicotine receptor
: autonomous ganglia and motor endplate on muscles

· muscarine receptor
: parasympathetic target organs

*

The clinical effects of antagonists or agonists vary between substances depending on the activity on nicotine and muscarine receptors, the dose and method of administration, diffusion through the blood-brain barrier and whether the binding to the target is reversible or irreversible. 

15.2 Neuromuscular junction - Curare

The skeletal muscles use acetylcholine at the neuromuscular junction. These nicotine receptors are stimulated by the alkaloid with the same name, from the tobacco plant. Paralysis may occur if the action of acetylcholine at the neuromuscular junction is reduced, or if there has been overstimulation for a long time. The release of acetylcholine from the pre-synaptic nerve cell may be prevented by various snake venoms ((-toxins) or by botulinum toxin. Myasthenia gravis patients have antibodies against the post-synaptic receptor, leading to muscle weakness. Some toxins contained in snake venoms cause a competitive inhibition at the post-synaptic receptor ((-toxins). Curare has the same mechanism of action. Curare is the name for a number of substances which are obtained from plants such as Chondrodendron tomentosum XE "Chondrodendron tomentosum : medical problems caused by plants, synaptic toxins"  (Menispermaceae) XE "Strychnos toxifera : medical problems caused by plants, synaptic toxins"  and others. Tubocurarine gets its name from the fact that it was transported in bamboo stems. Curare-derived products have application as muscle relaxants during surgery. Clinically, poisoning by curare is characterised by flaccid paralysis, which is reversible by administering an acetylcholinesterase such as neostigmine.

15.3 Muscarine receptors

The three major natural cholinomimetic alkaloids which are active upon muscarine receptors are pilocarpine, muscarine and arecoline. Arecoline is an important constituent of betel, the seeds of Areca catechu XE "Areca catechu : medical problems caused by plants, synaptic toxins" . The seed is chewed by many people, together with chalk and the leaves of Piper betel XE "Piper betel : medical problems caused by plants, synaptic toxins" , a pepper plant. Pilocarpine is a functional acetylcholine analogue. This molecule was discovered in 1875 in leaves from Pilocarpus microphyllus XE "Pilocarpus microphyllus : medical problems caused by plants, synaptic toxins"  and related species of South American shrubs (called jaborandi) belonging to the Rutaceae. The substance produces miosis and salivation. It is still used in the treatment of glaucoma if it is administered as topical eyedrops. It is also sometimes used to induce sweating in the diagnosis of mucoviscidosis and in sicca syndrome (dry mouth). Muscarine is a substance obtained from the fly agaric Amanita muscaria XE "Amanita muscaria : medical problems caused by plants, synaptic toxins" . The concentration of muscarine in the fungus is quite low, however, and its toxicity is chiefly caused by other substances. The fungi Inocybe XE "Inocybe sp. : medical problems caused by plants, synaptic toxins"  and Clitocybe XE "Clitocybe : medical problems caused by plants, synaptic toxins"  contain a much higher concentration of muscarine.

*

15.4 Acetylcholinesterase inhibitors

If the enzyme acetylcholinesterase is inhibited, the breakdown of acetylcholine is slowed down. Examples are neostigmine, physostigmine, pyridostigmine, edrophonium, various insecticides such as malathion and nerve gases such as sarin. Neostigmine is an anticholinesterase and is prepared synthetically. It is used in the treatment of cobra bites, to end curare-induced muscle paralysis after surgery, in post-operative bladder atonia and paralytic ileus. It can also be used for the diagnosis of myasthenia gravis since it leads to a brief improvement. Pyridostigmine is used in the maintenance treatment of myasthenia gravis. It is closely related chemically to physostigmine. Physostigmine was discovered originally in a plant, Physostigma venenosum XE "Physostigma venenosum : medical problems caused by plants, synaptic toxins"  (Fabaceae) also known as the Calabar bean. The use of this plant in the traditional jurisdiction of the Efik people in Nigeria led to many deaths in their region and was forbidden by law by the British authorities in the nineteenth century. Suspects were forced to eat several poisonous seeds to prove their innocence. Physostigmine penetrates the blood brain barrier and affects the central nervous system. Later, due to its capacity to induce miosis it had a place in the treatment of acute narrow angle glaucoma. It is also used in the treatment of atropine intoxication.

15.5 Pralidoxime

Pralidoxime (2-PAM, Protopam®) reduces the binding of an organophosphate to cholinesterase and is able to reactivate an inactive enzyme. It is used as an antidote in intoxication by organophosphate insecticides. About 1-2 grams IV pralidoxime are given, followed by an infusion of 200-400 mg/hr. Obidoxime has the same action. Organophosphates and nerve gases such as sarin initially stimulate the muscles but ultimately lead to depression and paralysis.

15.6 Anticholinergics

The action of the parasympathetic nervous system can be weakened by blocking the post-synaptic receptor. Atropine is the typical example of an anticholinergic active upon the muscarine receptors. Atropine is not active at the neuromuscular junction. It is prepared from Atropa belladonna XE "Atropa belladonna : medical problems caused by plants, synaptic toxins"  (Solanaceae). The name “belladonna” refers to the mydriasis which is considered to make women’s eyes attractive. Atropa refers to the one of the Greek Fates who cuts through the thread of life. Nowadays the derivative homatropine is often used to obtain enlargement of the pupils (e.g. for ophthalmoscopy). Related molecules are found in Datura stramonium XE "Datura stramonium : medical problems caused by plants, synaptic toxins"  (thornapple), Hyoscyamus niger XE "Hyoscyamus niger : medical problems caused by plants, synaptic toxins"  (henbane) and Scopolia carniolica XE "Scopolia carniolica : medical problems caused by plants, synaptic toxins" . Datura stramonium or thornapple also known as Jimson weed. This refers to an incident in 1676, in Jamestown, Virginia, when a number of British soldiers were accidentally poisoned by this plant (“jimson” being a corruption of “Jamestown”). Hyoscine is also named scopolamine. N-butylhyoscine is a derivative of hyoscyamine. They are used as spasmolytics. Intoxication with atropine is characterised by mydriasis, dry warm skin and dry mucosa, increased body temperature, tachycardia, restlessness, convulsions, respiratory failure and coma followed by death. As well as activated charcoal and general supportive measures, physostigmine can be used as an antidote (see above). For adults 0.5-2 mg are injected IM or IV.

