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IN CASE OF POISONING

If a poisonous or unknown plant (or other poisonous substance) has been swallowed:

• If patient is unconscious, call 911. Otherwise . . .

• Call your local Poison Control Center (PCC) immediately, and seek professional medical aid and advice. In the United States, in all cases, call 1-800-222-1222, the national hotline of the American Association of Poison Control Centers, which will connect you directly with your local or state poison control center. If you are unable to reach a PCC, take patient to a hospital immediately.

• Do not panic. Keep patient as comfortable as possible. Remember that there are very few really serious poisonings from plants, and even fewer fatalities. Most plant ingestions don’t require active treatment.

• Watch breathing closely, and if necessary, apply artificial respiration (CPR).

• Keep a sample of the plant or substance. (Sample should be whole and uncooked ideally, but any sample is better than none.) Place mushroom samples in a paper bag or cardboard box; they will deteriorate in plastic. If vomiting has occurred, save a sample of the vomit for further identification.

• DO NOT induce vomiting without medical help, or give anything to drink IF patient is under 12 months old, or extremely drowsy, unconscious, or convulsing.

• If patient is awake and not convulsing, give them milk to drink. This will adsorb many poisons, reducing how much is taken up by the stomach lining, until they can get to a hospital, where they will likely be given activated charcoal. Gastric lavage may be indicated but should be done only by a qualified physician.

• Vomiting may occur spontaneously, but do not try to induce vomiting, especially if patient is unconscious, under 12 months old, or is not showing symptoms of poisoning. Ipecac syrup was formerly widely used as an emetic in cases of suspected poisoning, but its use is no longer recommended. If vomiting occurs, save vomit for hospital laboratory.

• If patient is convulsing or clenching teeth, place a piece of rolled cloth between the jaws to prevent damage to teeth or tongue.

• For eye contamination by plant irritants, gently flush the eyes with a stream of slightly tepid water or saline solution for five minutes.

• For skin contamination by plant irritants, wash skin immediately with a large amount of running water; use soap if available; remove and thoroughly wash contaminated clothing.


HOW TO PREVENT POISONING

• Never eat any part of an unknown plant or mushroom. If you are trying a “new” food, eat only a small amount at first, and do not mix it with other “new” foods.

• Carefully supervise babies and young children. Keep poisonous houseplants out of their reach. Remove poisonous berries from house- and garden plants. Remove mushrooms from lawns and play areas. Store bulbs and seeds out of sight and out of reach.

• Teach children about poisonous plants and mushrooms just as they are taught about busy roads and hot stoves. Train them never to put any plants or parts of plants or mushrooms into their mouths. Even babies and toddlers can learn about “bad” plants.

• Learn to identify poisonous plants in the house, yard, and neighborhood. Eliminating all poisonous plants is not practical; knowing about them is.

• Teach children to recognize poison ivy, poison oak, and poison sumac and any other plants in the locality causing skin injuries, or dermatitis.

• Do not assume a plant is safe because birds or other wildlife eat it. What is poisonous to humans is not necessarily harmful to other animals.

• Do not assume, just because the fruits or roots of a plant are edible, that other parts of the plant can also be eaten. Many plants with edible parts also have poisonous parts.

• Do not count on heating or cooking a plant or mushroom to destroy any toxic substances it contains.

• Avoid breathing or coming in contact with smoke from burning plants, including poison ivy.

• Do not use unknown plants as skewers for toasting marshmallows or grilling meat and vegetables, as decorations, or as playthings for children.

• Anyone using herbal medicines or teas, wild edible plants, or wild mushrooms, should be positive of the identifications of the plants they use and know how to prepare them properly. Each year many people are poisoned, some fatally, from mistaken identifications or misuse of herbal remedies.

• Do not use edible plants or mushrooms gathered from roadsides or from areas where herbicides or insecticides may have been applied.


FOREWORD

For an authoritative yet easily read reference on the subject of poisonous plants and mushrooms to which North Americans can be exposed in home, urban, and rural environments, one need look no further than this revision of the classic book of Turner and Szczawinski. Although wearing a slightly different title and having a change in the second author, this book retains the basic format and tone of the previous edition. Some changes involve simple but critical updates in scientific information; others reflect new attitudes in modern toxicology, especially in the management of the poisoned patient and in the field of herbal medicine.

The North American Guide to Common Poisonous Plants and Mushrooms can be used as a field guide because of its size, descriptive accuracy, and the quality of the illustrations; but it is not simply a field guide. The introduction—with its historical references, background information, and perspective—provides interesting and informative reading for those seeking something more than facts about the plants themselves. The sections on the plants are accurate, clear, and mixed with enlightening case histories and anecdotes. Useful medical information throughout the book is given in a clear and simple fashion and has been updated to keep current with modern therapeutic practices. It provides good insights into overall management principles but never intends to do more than provide guidance to the public for initial management until proper medical care can be accessed. The Appendices offer very useful summaries for quick reference. Most of the plants in this book are toxic in doses that can be easily ingested in small quantities, but other, less toxic plants—although they are not designated as poisons—can be dangerous if eaten in larger quantities. The overall message is clear: one must be totally familiar with any plant or mushroom that is to be ingested, not only the ones included in this book.

BRIAN A. SAUNDERS, B.Sc., M.D., F.R.C.P.(C)
Clinical Professor
Department of Anesthesiology,
Pharmacology, and Therapeutics
Faculty of Medicine
University of British Columbia
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Poison hemlock (Conium maculatum), a deadly member of the carrot family and a common weed.


PREFACE

In April 1980, a five-year-old girl was fatally poisoned in Victoria, British Columbia, from eating poison hemlock (Conium maculatum) while at play with her sisters. The little girl felt sick and would not eat. She lay down and within an hour fell into a deep coma. It was only at this point that her sisters related that she had eaten the roots of a plant, pretending they were carrots; she was rushed to the hospital, where she died six days later. In February 1987, a six-year-old girl, also of Victoria, became paralyzed and stopped breathing after eating poison hemlock, but the hospital staff were able to save her by using a respirator and pumping out her stomach.

These are only two out of hundreds of incidents in which humans have been poisoned from eating toxic plants or mushrooms or drinking teas made from harmful plants. Many involve young children at play, “pretending” to eat better-known edible look-alikes. In fact, statistics show that children aged five and under are most vulnerable to accidental poisoning. The carrot-like taproots of poison hemlock, the pea-like pods of golden chain tree (Laburnum anagyroides), the onion-like bulbs of daffodils (Narcissus spp.), and the attractive, colorful berries of climbing nightshade (Solanum dulcamara), Jack in the pulpit (Arisaema triphyllum), daphne (Daphne mezereum), and European lily of the valley (Convallaria majalis) have all severely poisoned children.

It is impossible to remove poisonous plants from our environment. The best way to prevent poisoning is for people to learn which plants are harmful and to teach their children not to play with plants and never to put them in their mouths. We hope that this book will be useful to parents, pet owners, outdoors people, gardeners, and people who keep houseplants, helping them to identify, in advance, the poisonous plants around them. If this book can prevent a single poisoning, we will feel it was worth our efforts.

This is an updated revision of a book first published in 1991. Although the poisonous qualities of plants and mushrooms and the incidences of poisoning have changed little since, there have been changes in our knowledge of the toxic compounds and in the classification of poisonous species, especially in some of the mushrooms. Furthermore, recommended treatments for poisoning have changed over time: ipecac syrup, which was almost universally recommended by physicians and health care workers in the 1980s, has been questioned for its safety and efficacy and is no longer recommended. Gastric lavage is less often used; activated charcoal, as an absorbing agent for toxins, is the current method-of-choice by ER physicians. The references have, of course, been updated: a number of excellent and authoritative books on poisonous plants and mushrooms have been published since 1991, and the major ones are cited here. Above all, the Internet is now a major and highly convenient source of information on toxic plants and mushrooms. Although Internet users should be cautious about accepting everything they find on the Web, they can trust online peer-reviewed journals and Web sites based in universities, hospitals, poison control centers, and professional societies to provide sound, up-to-date information, including detailed species descriptions and, in many cases, spectacular color illustrations.

What hasn’t changed? This book is not intended to replace the advice of trained medical personnel but to provide general information about potentially poisonous plants and mushrooms; in all cases of suspected poisoning by plants or any other substance, medical advice should be sought from the family physician or local poison control center.
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HOW TO USE THIS BOOK

The table of contents shows the overall organization of the book. In Chapter 2, poisonous mushrooms are listed in alphabetical order by scientific name, since their common names are variable and their scientific names often well known. For the succeeding chapters, within the broad categories indicated in the table of contents, plants are listed alphabetically by their prevalent common names, with scientific names and family names also provided. In cases where a plant could potentially be included in more than one category (for example, either as a wild plant in Chapter 3 or a garden plant in Chapter 4), we have tried to place it in its most relevant context—that is, where a reader would be most likely to encounter the plant. If there is any doubt about where to find a reference to a particular plant, or if only the scientific name is known, please consult the index. In the main plant entries, we have tried to keep technical terminology, either botanical or medical, to a minimum. Some specialized botanical terms are defined and illustrated in the glossary.

We have generally followed the USDA Natural Resources Conservation Service (http://plants.usda.gov/index.html) for plant nomenclature and classification. We have cited commonly used synonyms; we have not provided archaic family names but only the accepted modern ones (i.e., Fabaceae, not Leguminosae; Asteraceae, not Compositae). For the more technical aspects of plant identification, and for descriptions of plants that are poisonous to livestock but not to humans, other references are provided, many of which contain complete literature citations for various plant species and families and groups of plant toxins.
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Poisonous plants are sometimes taken for edible species. Here, meadow deathcamas (Zigadenus venenosus) (left, with cream-colored flowers) is growing together with blue camas (Camassia quamash), whose bulbs are edible.


CHAPTER 1
Introduction

POISONOUS PLANTS AND MUSHROOMS: AN OVERVIEW

Any plant or mushroom that contains known toxic compounds in concentrations high enough to be dangerous if touched or consumed is considered poisonous. There are therefore literally thousands of poisonous plants and probably hundreds of poisonous mushrooms in the world. In this book we describe the most common and dangerous plants and groups of toxic mushrooms to be found in the temperate regions of North America: in homes and buildings, in gardens and urban areas, and in the wild. We give emphasis to plants and mushrooms known to have caused poisoning to humans, but many of the same types have also caused injury to animals, including household pets and grazing or browsing livestock.

It is important to remember that “natural” and “organic” do not necessarily mean “safe” and “wholesome.” Some of the most virulent poisons known are derived from plants, which are, of course, both “natural” and “organic.” Many medicinal plants, and even many food plants, contain chemicals that can be harmful. Our bodies are adept at handling and eliminating small amounts of many potentially harmful substances. In large concentrations, however, these same substances, when ingested, can affect our digestive, circulatory, or nervous systems, can cause irreparable damage to our liver or kidneys, can lower blood sugar, interfere with normal blood clotting, prevent cell division, or affect our immune systems. Other substances found in plants can cause skin reactions—pain, redness, blistering, swelling—or can harm the eyes, simply from contact.

Poisonous substances in plants are often considered to be byproducts of essential plant functions. For many of these chemical compounds, scientists have not determined any obvious role in the functioning, or metabolism of the plants containing them. Some may simply be waste products. Some may serve as reservoirs of carbon compounds that can be recycled into other compounds as metabolic necessity dictates. As well as being poisonous, many such compounds are bad-tasting or have an unpleasant odor. These protect the plant against plant-eating insects and other browsing animals, or possibly even harmful microbes.

Often, individual plants or local populations of plants vary in the relative concentrations of toxic compounds they contain. This natural variation has helped plant breeders over many centuries to select and develop plant varieties with low concentrations of poisonous substances. In fact, some of the vegetables we most enjoy were derived from ancestal plants too toxic to eat in any quantity. The potato is a good example. Even the edible tubers contain traces of solanine, which is found in higher concentrations throughout the potato plant, rendering the green leaves, sprouts, and green, light-exposed tubers very poisonous.

Tubers of the potato’s wild ancestors are also poisonous. It was only through focused and continued selection of less toxic potato varieties that the native farmers of the South American highlands were able to develop such a delicious and globally treasured vegetable tuber. Selection would have been quite straightforward in this case, as solanine is an alkaloid whose bitterness gives away its presence. The less bitter the potato, the less poisonous. Johns and Kubo (1988) describe some of the means people have devised to render otherwise poisonous plants edible.
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Green-skinned and sprouting potatoes are poisonous.

Can a plant be called poisonous if it has never poisoned anyone? The answer is yes. Some plants can only be inferred to be toxic for humans, either because they are known to be poisonous to some animal species, or because chemical studies have revealed the presence of dangerous compounds. Controlled feeding studies with laboratory animals are sometimes used to determine potential toxicity, although many people feel this is an unacceptable and inhumane means of acquiring such information. At least one hybrid begonia, the flowers of Gladiolus gandavensis, and species of dragontree (Dracaena), prayer plant (Maranta), Peperomia, snake plant (Sansevieria), Selaginella, and goosefoot plant (Syngonium)—all received positive toxicity scores in such tests (Der Marderosian and Roia 1979). Because there is no evidence since against these plants, they are not described in detail in this book, but people should be wary of them nonetheless.

Herbicides and pesticides used on house- and garden plants or in forests can render otherwise edible species dangerous, causing unpleasant reactions that may not be distinguishable from plant poisoning. Never harvest plants, berries, or mushrooms along roadsides or highway rights-of-way: toxic heavy metals and other contaminants from vehicle exhaust can accumulate in plant structures and mushrooms. People seeking aquatic or marine edible plants, such as cattail (Typha latifolia), watercress (Nasturtium officinale), or seaweeds, should ensure that there are no pollutants in the waters where the plants are harvested. Some molds and mildews growing on foods can also render them poisonous due to the presence of mycotoxins; moldy or rotting foods should be strictly avoided, and foods such as nuts and grains should be stored in cool, dry places to reduce the chances of them being infected with harmful fungi or bacteria.

Some plants, including many range species that might normally be edible for animals, have the capacity to absorb and concentrate nitrates, selenium salts, lead, molybdenum, and other naturally occurring compounds. This sometimes leads to large-scale poisoning of livestock. Beets, turnips, and kale, for example, may accumulate excessive amounts of nitrates if they are overfertilized. The nitrates may then be converted by bacteria in the digestive tracts of livestock to much more toxic nitrites. Since relatively large amounts of the plants must be consumed for toxic reactions to occur, and because many of the plant species involved are not normally eaten by people, human poisoning has seldom been a problem in these cases.

Prevalence of plant and mushroom poisonings

Poisonous species are everywhere, found among virtually all groups of plants—algae, mosses, ferns, coniferous trees, and flowering plants—as well as in most groups of fungi and lichens. Many of our most prized and admired garden flowers, ornamental trees, and houseplants are poisonous, and some can be deadly.

Each year, throughout North America, newspapers, Web sites, and medical journals describe hundreds of instances of poisoning from ingestion of plants and plant parts, or fungi. Babies and toddlers are often involved, especially in poisoning by philodendrons and other ornamental houseplants; dieffenbachia, or dumbcane, is one of the most commonly ingested house-plants, and we have heard of at least three instances of adults, who should have known better, inadvertently chewing on the stems. Older children at play may eat poisonous plants, in imitation of real foods. Adult poisonings generally result from misidentification of “edible” wild plants or mushrooms, or misinformed use of herbal remedies. A general survey of family, friends, and students while we were preparing this book revealed that almost everyone we talked to had had some kind of personal experience, or knew someone who had, with poisonous plants or fungi. The instances of poisonings by plants in a group of students surveyed was almost entirely restricted to when they were children, which is borne out in statistics on poisonings in many parts of the world.

Many instances of poisoning may not even be reported. As authors of books on edible wild plants and lecturers on this subject, as well as in interviewing indigenous elders and oldtimers, we hear many accounts of poisoning, some very serious, which are not necessarily officially documented. At least a dozen people told us they tried to eat western skunkcabbage (Lysichiton americanus) leaves because they “looked good” or “must be like cabbage.” The resulting intense and prolonged burning of the lips and mouth usually prevents ingestion of more than a bite, but one man was hospitalized for several days, and experienced a swollen, raw throat “as if I had swallowed a whole cup of scalding coffee.” A staff gardener at a well-known botanical garden once decided to taste the berries of red baneberry (Actaea rubra) because they looked so beautiful; he became dizzy, suffered from stomachache, and had to go home (but fortunately recovered without further problems). Another incident, which could have been disastrous but fortunately was not, occurred when a man attending a banquet, in a fit of boredom during a lengthy after-dinner speech, reached out and plucked a daffodil out of a vase in the center of the table, and ate it. He assumed it was edible—a foolish assumption indeed.

The red theme runs deep with childhood poisonings. One colleague told us about his five-year-old son, who had consumed the berries of climbing nightshade (Solanum dulcamara), which was trailing across the lawn; the result was a trip to the emergency room. Another friend recalled as a child eating the bright red berries of Jack in the pulpit (Arisaema triphyllum) and crying from the burning pain to his mouth these berries caused. To make matters worse, some college students who were rooming with his family assumed that it was simply that he did not like hot food. They, foolishly, ate the berries because they liked spicy food. Of course, they all ended up in the emergency room.
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Western skunkcabbage (Lysichiton americanus): eating any part of the plant causes intense burning of mouth and throat.
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Red baneberry (Actaea rubra) berries are attractive but poisonous.
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Dumbcane (Dieffenbachia seguine, top, and D. picta, below).
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Jack in the pulpit (Arisaema triphyllum), berries.

Not uncommonly, Christmas is a time when many children run into problems after eating red berries of holly, red leaves of poinsettias, and other festive plants. Red color is a plant adaptation for better dispersal of seeds by mammals and birds, but many of these animals do not chew the berries as thoroughly or digest them as efficiently and suffer little ill effect compared to human children.

Some indigenous people, and more than one outdoor recreationist, have been seriously, sometimes fatally, poisoned from mistaking highly toxic water hemlocks (Cicuta spp.) for similar-looking waterparsnips (Sium spp.). One of the worst cases of mistaken identity occurred along the Owyhee River, Oregon, in April 1984. A young river rafter and outfitter guide mistook water hemlock roots for waterparsnip, which are considered edible. He and five of his six clients ate the roots. He and one of the five who ate a large quantity started having seizures within 45 minutes of their meal. The guide died in under two hours; the others all survived, but needed medical assistance (Naegele 2006).
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Leaves of the deadly Mackenzie’s water hemlock (Cicuta virosa) (top) and waterparsnip (Sium suave).

Many edible and poisonous species are look-alikes. Confusion between edible blue camas (Camassia quamash), whose bulbs were a staple food for many indigenous peoples of western North America, and deathcamas (Zigadenus spp.), whose generic common name speaks for its lethal qualities, has sometimes occurred. The risk is heightened because species of these two genera often grow together. Other species growing in similar habitats (in this case, wetland areas) and sometimes confused are the edible cattail (Typha latifolia) and some flags (Iris spp.), which are toxic.

Another common and potentially deadly mistake is made by wild mushroom harvesters who confuse the choice edible species Tricholoma magnivelare (pine mushroom, or American matsutake) with toxic amanitas, notably Smith’s lepidella (Amanita smithiana), with identification made more difficult because people may cut off the stem above the bulb that characterizes amanitas. Sometimes people attempting to harvest the shoots of false lily of the valley (Maianthemum racemosum; syn. Smilacina racemosa) as a springtime green vegetable have inadvertently harvested the shoots of the deadly green false hellebore (Veratrum viride). Others have been poisoned from attempting to use green false hellebore or other dangerous species as medicinal remedies. Many potentially poisonous plants are used medicinally by Native Americans, but only because they are guided by the immense knowledge and experience of medicinal specialists. No one should attempt to use herbal medicine without professional advice. We heard of a case where a hospitalized pregnant woman, anxious to proceed with her delivery and return home to her older children, secretly took a preparation of blue cohosh root (Caulophyllum thalictroides) to bring on labor; her baby was delivered prematurely, at great risk to both mother and infant.
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Yellow iris (Iris pseudacorus) is sometimes confused with cattail (Typha latifolia) by edible wild plant seekers.

One unexpected reaction to the irritant properties of buttercups was experienced by one of us (NT) and her students, when they were oven-drying samples of sagebrush buttercup (Ranunculus glaberrimus) for phyto-chemical analysis in a friend’s kitchen. They noticed their eyes starting to sting about 30 minutes after placing the buttercups on a tray in the oven at low heat. Their eyes started streaming, and they started coughing, with a choking sensation. At this point they realized that their discomfort was caused by the drying buttercup plants. They aired out the house thoroughly and took showers to wash their eyes, but the stinging remained for many hours. It is no wonder that children of the nearby indigenous communities were taught never to play with or handle this buttercup (Turner et al. 1980).

In the past, human poisonings occurred in epidemic proportions from such substances as the grain fungus ergot (Claviceps spp.) and milk from cows feeding on white snakeroot (Ageratina altissima) (Fyles 1920). These types of poisonings have been virtually eliminated, but at the same time more and more people are seeking outdoor recreation, living in suburbs, and bringing new and exotic plants into their homes and gardens. The increasing popularity of herbal medicines and teas and of eating wild plants has resulted in a greater exposure of people to potentially harmful plant substances; and hence, despite more advanced knowledge and education on toxic plants, poisonings from plants and fungi continue to plague us. Fortunately, despite the thousands of cases of plant and mushroom poisonings that occur in North America each decade, very few actually result in serious illness or death.
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Sagebrush buttercup (Ranunculus glaberrimus).

Studies of hospital visits related to poisonings show that plant and mushroom poisonings are among the major classes of poisonings (the others being household chemicals and medicines). People seek medical attention most often for children, who are often too young to disclose accurately what it is they have consumed, causing great anxiety for their parents. This partially explains the fact that one of the most common reasons to take children to North American emergency rooms is suspected poisoning by chili peppers. Children’s suite of taste buds differs from adults; they are probably more sensitive, which only adds to their misery when they mistakenly take in too much chili.

Identifying poisonous plants and mushrooms

The best time to identify plants or mushrooms that might be poisonous is before any poisoning has occurred. Correct identification can be critical, and people tempted to harvest wild plants or mushrooms for eating should take exceptional care to identify, or have an expert identify, any plant before it is consumed. Parents of young children, preschool teachers, or anyone else caring for youngsters should also take special precautions to identify ornamental plants they keep indoors or have planted in yards. Never buy a plant for the house unless its identity is known, and its potential for harm understood. Florists and plant nursery workers may not volunteer information about potential toxicity of the plants they sell, but if asked, they will provide this information or at least the name of a plant so that the buyer can find out more about it. Frohne and Pfänder (2005) discuss the problems of labeling cultivated toxic plants and educating people about them.

Information about plant identification and poisonous plants and mushrooms can be obtained in many places and from many people who are willing and able to help. Libraries, nature centers, natural history museums, universities, medical centers, poison control centers, veterinary clinics, forest research facilities, horticultural centers, and botanical gardens are all places where people can go to find out more about poisonous plants. Many of these institutions employ botanists who are pleased to help people identify plant specimens. Many communities and institutions offer courses in plant or mushroom identification for the nonspecialist, and these are an excellent way to learn the basics of plant identification—and to avoid accidental poisoning by toxic plants or fungi.

Many Web sites provide helpful and authoritative information on poisonous plants and mushrooms. These include university Web sites, poison control centers, and government Web sites. We have listed some of these in our reference section, but there are many more out there.

Toxic properties and life cycles

The complexity of plants in evolution is reflected in their biochemistry. The embryophyta, as land plants are generally known, are divided, in evolutionary order, into mosses, ferns, gymnosperms (e.g., conifers), and angiosperms (flowering plants). Biochemically, mosses are far less complex than flowering plants; they share many basic housekeeping pathways, but in the rich biochemistry of secondary metabolites, flowering plants are infinitely more complex. Mosses, ferns, and conifers have archegoniate life cycles: the distinguishing feature is that the female gamete, or egg, is located in an archegonium, which is located in a gametophyte (gamete-bearing plant). Gametophytes of mosses and ferns are physically separate organisms; spores are released from the spore-bearing generation (the sporophyte). When the spores find a suitable substrate and sufficient water, they germinate to produce gametophytes that form male and female gametes, or sperm and egg, respectively. Mating occurs in water. Gymnosperms differ from mosses and ferns by the very significant fact that the gametophyte never leaves the sporophyte but is encased within an ovule. Angiosperms take this to a different level: the gametophyte is now a simplified structure called the embryo sac within an ovule, and even fertilization is different, with male gametes producing the embryo and the nutritive tissue of the seed, or endosperm.

The reproductive cycles of these plants do not in any way account for the differences in biochemical complexity, as reproduction via embryos is a conserved feature that unites all higher plants. Where life cycle has played an important role, however, is in the chemistry of attraction and reward of animals that serve as pollen vectors. Mosses and ferns reproduce in puddles of water, requiring no other organisms, and gymnosperms are wind-pollinated. The flowering plants, in contrast, evolved mechanisms to attract and reward pollinators. This depends on biochemistry of volatile compounds in scent, as well as chemistry of rewards, be they fat, protein, or carbohydrate. The diversity of compounds involved in attracting pollinators is astonishing. Attraction of animals is not limited to flowers but can extend to fruit and seeds. The compounds that the plant produces in these situations can have single or dual functions. Single functions include attraction or reward. Dual function would be attraction of insects but defense against microbes. In this case, what is a reward for one kind of organism is a growth inhibitor, or worse, for another organism. And this brings us back to poisons.

Plant biochemistry has many universal pathways; for example, terpene synthesis is found in all groups. However, plants differ in how much biochemistry they do, which is reflected in differences such as the low caloric value of mosses versus the high caloric value of flowering plants, to pick the two extremes in plant evolution. Here life cycle differences come out quite clearly: spores of mosses and ferns have very high fat storage (50% of their dry weight), as do seeds of gymnosperms and flowering plants. However, the biochemistry of these calorically rich stages is not very complex. The real complexity is found in the organism bearing the seeds or spores, which may not be particularly rich in stored products.

This is because other major factors that have influenced biochemical complexity come into play, especially those related to abiotic (from the physical environment) stresses and biotic stresses (those from other living organisms). Seeds and spores are, after all, propagules and are in a dormant or quiescent state. At the moment of dispersal, they aren’t doing much. Only upon germination do they renew their activities. The spore-or seed-bearing plant needs to photosynthesize, grow new organs and tissues, and defend itself against abiotic (drought, extremes in temperature) and biotic (animal and microbial attack) stresses. The investment strategy of mosses—low caloric value, small size (a consequence of missing much of the pathway required for lignification, a prerequisite for upright growth above a few centimeters), and unpalatability—requires little complexity compared with flowering plants, which are larger and more varied both ecologically and morphologically. The interrelationships that flowering plants have formed with other organisms are largely a consequence of natural selection in biochemical pathways.

The life cycle stage that requires the most protection, simply put, is the one that is biochemically active the longest. In the case of mosses, it is the gametophyte, but for ferns, gymnosperms, and angiosperms it is the sporophyte. It is tempting to believe that plants that live longest are also more likely to have developed more complex defenses, but there is no indication that trees differ fundamentally from annuals in their defenses, as can be seen in groups of plants such as legumes, where every kind of plant—from minuscule annuals to forest-dominating perennials and all sizes in between, including vines—is found. The reason that this is true is that plants evolved in ecological situations in which animals have also evolved, resulting in adaptations of animals to plant defenses, which have resulted in natural selection of more effective defenses—a biochemical arms race. Each time an animal develops an enzymatic or physiological response that allows it to survive some plant toxins, the plant must respond by creating novel defense compounds. This is reflected in the multiplication of classes of catabolic enzymes in animals and the parallel evolution of biosynthetic enzymes in plants. Since plants and animals evolved onto the land surface, there has been an explosion in enzymes (e.g., cytochrome P450s) that are related to the creation of defense compounds in plants and, in animals, to their modification and elimination. Flowering plants, with their more than 250,000 species, are the most prevalent plants on earth; not surprisingly, this group has the most compounds, many of which are defense compounds. There is overlap in how plants respond to biotic stresses such as insect, bacterial, and fungal attack, and abiotic stresses such as drought and cold, so that pools of metabolites that can build up poisons are also potential building blocks for compounds that can regulate cold tolerance. The plant is flexible, but in general and in short, many poisonous compounds exist because they ward off predators. Plants do not have the ability to flee. They must stand and fight, and among their best weapons are poisonous compounds.
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Mountain ash, or rowan fruits (here of Sorbus aucuparia) are commonly eaten by birds; seeds contain cyanogenic glycosides.

This brings us to one of the paradoxes of poisons: why do plants have poisonous fruits? Fleshy fruits attract predators, which may be potential seed dispersers, so why do some fruits contain toxins? This question can be considered in a number of ways. The first is by dosage: cyanogenic glycosides are common in bird-dispersed fruit. Cedar waxwings, for example, can consume over five times the quantity that would be a lethal dose for a mammal, such as a rat. This would indicate that dispersers (birds) are favored over predators and poor dispersers (mammals). Some fruits contain sorbitol and other laxatives that speed the passage through the animal, in essence, ensuring the passage of the seed before the animal can digest it. This view, that there is some advantage to the chemical composition of fruit, is met with some skepticism. Most plants that are generally toxic are also producers of toxic fruit, so there may be no paradox: the plant is simply toxic in all parts. Surprisingly, there is little work on this aspect of plants; answers are expected in the future.

Foods, poisons, medicines

Again, many plants we routinely eat contain some potentially harmful compounds. What may not be as well appreciated is just how many of our food plants are also considered to have medicinal properties, and, in turn, how many medicinal plants may also be toxic if used in too high a dosage or wrongly prepared and administered. Indigenous and local peoples familiar with their local plant and fungus resources often have no difficulty in maneuvering within the “food/medicine/poison triangle.” In one study by Turner (2008), 375 traditional food and medicine plants, fungi, lichen, and algal species, as well as those species reported to be toxic by indigenous knowledge holders, were surveyed across 12 First Nations groups of British Columbia, each with distinct languages, for overlaps across the categories of food, medicine, and poison. She found significant numbers of food species with reported healing properties, many food species that have also been used as medicine, and a notable proportion of both food and medicinal species recognized as harmful or toxic under some circumstances. Even most of those species considered extremely poisonous have been taken internally as medicines in some way. It takes a tremendous base of knowledge and experience, however, to be able to rely on such a complex of species for safe nutrition and health care without incurring harm through inadvertent poisoning. Unfortunately, this type of knowledge, embedded within entire indigenous systems known collectively as traditional ecological knowledge (TEK), is eroding as local people succumb to the forces of acculturation and globalization. Several recent anecdotal accounts of poisoning from traditional medicinal plants and from mistaken identity or lack of proper preparation of traditional food plants can be traced to loss of this knowledge, often because barriers of one sort or another have prevented knowledgeable elders from passing what they know to the younger generations.

A common concern in North America is what happens when people use polymedicine, which is mixing modern pharmaceutical drugs and different types of medicines, such as alternative, TEK, natural health products, or traditional Chinese medicine (TCM). Interactions between drugs and herbs can alter absorption, distribution, and elimination of either drug or herb. Physicians are quick to point out that patients often fail to tell them that they are taking herbal medicines (and patients are equally quick to suggest that physicians don’t take the time to ask). In such situations, adverse interactions can be expected; for example, herbs that affect liver enzymes can alter drug metabolism. The different types of medicine trace some of their roots and practices to some common plant medicines, and so they are hardly mutually exclusive; however, the fact that consumers often speak as if they are choosing one form of medicine over another means that communication is hampered. Fortunately, there are excellent sources that concern themselves with potential interactions between active herbal constituents and pharmaceutical drugs. Using these sources to find possible drug-herb interactions is not difficult. Consumers should be encouraged to investigate such sites, because it will make them more informed patients who will be likely to supply better information to their physicians and healers and ask more relevant questions.

Allergies

Some types of plants and plant products cause allergic reactions in people and animals. This is when individuals have or develop unusual sensitivities to substances that may be harmless to others. Allergy-causing materials, or allergens, include airborne spores of fungi and pollen grains from many different plant species, which produce hay fever in susceptible individuals. Although hay fever is not usually life-threatening, it does cause cold-like symptoms including stuffy nose, watering eyes, and sneezing, leaving hay fever sufferers miserable during flowering season. Furthermore, if left untreated, hay fever can lead to asthma and other serious complications. Many, many plants, including grasses and numerous members of the aster family, such as ragweeds (Ambrosia spp.) and goldenrods (Soli-dago spp.), cause widespread allergies. It is not within the scope of this book to describe the many hay fever plants (but details can be found in Lewis et al. 1983). If hay fever is suspected, a physician or allergy specialist should be consulted.

Other plants can cause even more serious allergies in some individuals. Some people, for example, are violently allergic to peanuts, buckwheat, or any number of other specific types of plants and plant products. These allergies can be life-threatening for some; reactions to ingesting even minute quantities of an allergen can be severe, with vomiting, swelling of the throat, and restricted breathing. For people suffering from an allergy of this type, even certain common and normally edible plants can be deadly. It is impossible here to deal with such plant allergens because they are so diverse and so specific to individuals. Suffice to say, even if you have no known allergies, you could be allergic to a new food, drug, or herb you try for the first time, or even subsequently. If you develop any unusual symptoms after tasting a new type of food or mushroom, or a new herb, stop taking it immediately and consult a physician or allergist. If you experience difficulty breathing, call 911 immediately, as you may be experiencing anaphylactic shock, a violent allergic reaction. In its most severe form, it can prove fatal if not promptly treated.
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Canada goldenrod (Solidago canadensis), a common hay fever plant.

Another common type of allergy is caused by skin contact with certain plants. The best-known contact plant allergens are poison ivy and its relatives, poison oak and poison sumac. On average, seven of every ten people are immediately allergic to these plants, and almost everyone is after prolonged or continuous exposure; for some the reaction is severe enough to require hospitalization. These wild plants are described in detail in Chapter 3; several others that commonly cause injury to the skin (dermatitis), through allergic reaction or chemical irritation, are listed in Appendix 3. See Mitchell and Rook (1979) for a more thorough treatment of plants causing skin allergies and of other types of plants injurious to the skin.
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Poison ivy (Toxicodendron radicans) growing along a fence, with wild grape and Virginia creeper.

Poisoning of pets and livestock

Household pets, especially puppies and kittens, are as vulnerable to poisoning from plants and mushrooms as young children. In a report on mushroom poisonings in 2004 (an exceptionally prolific year for mushrooms in the western United States), mycologist Michael Beug (2004) described over 50 dog poisoning cases. Eight dogs, some of them puppies, died or were euthanized after mushroom consumption in this survey. Pet owners should watch their animals closely around dangerous plants and mushrooms, whether indoors or out. If poisoning is suspected, prompt attention, just as with a child, can mean the difference between survival and death or lasting damage. As with human poisoning, samples of the plants or mushrooms eaten, or vomited materials, can aid significantly in the identification process, and hence, in the treatment given.

Different types of animals have different levels of tolerance to poisonous plants. Cattle, sheep, goats, and other ruminants can often eat larger quantities of toxic plants without noticeable symptoms than single-stomached animals, such as horses, pigs, dogs, cats, and humans. Some animals have developed special enzymes that enable them to break down some toxic compounds into harmless ones. For example, some rabbits possess an enzyme that allows them to eat belladonna (Atropa bella-donna) in quantities that would be fatal to other animals. Squirrels have often been observed eating poisonous Amanita mushrooms, and deer are said to be able to feed on yew and rhododendron. Deer and bears eat western skunkcabbage leaves and rhizomes with impunity, in amounts that would cause excruciating pain for humans.

Because of their general unpalatability, many poisonous plants are avoided by browsing or grazing animals except in times of extreme hunger and food shortage, which, for range animals, often occur in the winter and early spring months. At such times an animal may develop a taste for a poisonous plant not normally eaten, and become addicted to it, still seeking it when other feed is available. Hence, in animals once poisoned there are often recurring episodes, and this can be a serious problem for farmers and ranchers.

A major problem in animal poisoning is that it often takes place away from human observation, and the only indication that poisoning has occurred is when symptoms appear. Since most poisonous plant manuals classify by plant species rather than by exhibited symptoms, it is often difficult to pinpoint which plant or plants have caused the problem and what the best treatment would be.

Some types of animal poisoning are chronic and difficult to detect. They are manifested in high rates of miscarriage, stillbirths, and infant mortality, lowered milk or wool production, slow growth, and general listlessness. All of these result in severe economic losses to farmers and ranchers as well as untold suffering to the animals.

The best means of preventing acute or chronic poisoning in animals, as well as obtaining the healthiest and most productive livestock, is to maintain high quality pasturage and grazing lands, provide supplemental feeding whenever required, ensure adequate intake of essential minerals such as calcium and magnesium, and offer a good supply of fresh, clean water. Overgrazed lands lead to underfed livestock far more likely to consume any plant, even a poisonous plant, available to them. For further information on animal poisoning by plants, see Burrows and Tyrl (2006); Frohne and Pfänder (2005); and Knight and Walter (2001).
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Deer-browsed leaves of western skunkcabbage (Lysichiton americanus).

History of poisoning

As long as humans have been around, we have had to face the challenge of sorting poisonous plants from nonpoisonous plants. In this, we do not differ from any other animal. We have many adaptations that allow us to make these decisions, including the presence of many nerves in the mouth and lips, and taste buds that select for salt, sweet, sour, bitter, and umami (the deeper protein taste in foods). If a plant tastes good, it doesn’t mean, at all, that it is good. Some of the most poisonous plants in this book would easily pass any palatability test, which is precisely why they are so insidious. The stomach will expel poisons that are recognized. Should a plant be chewed up in the mouth, digested in the gut, and its poisonous constituents enter the body, there is still the liver that detoxifies such compounds on a regular and daily basis. The liver’s large size is a testament to its importance in breaking down compounds.

This begs the question that has puzzled many, which is how did humans sort out the poisonous from the palatable and harmless? Was it one endless Hobbesian nightmare before agriculture was invented? The answer is a clear no. As Richard Ford, an eminent ethnobotanist, would have it, we give too little credit to our powers of observation. Humans were very much aware of their environment and observed animals closely. Domestication of pets and food animals is a legacy of this ability, but prior to this, humans surely observed other omnivorous mammals with diets similar to their own to see what was preferred or what was rejected. In this way, many lives were spared, and the selection of edible plants was not only reinforced by human cultural activities but by further and more refined observation of other animals. Prehistoric poisoning can only be inferred, but given that human structure—eyes, mouths, hands, and GI tract—have been relatively unaltered in the last 100,000 years, the implication is that the early humans had the same organs and appendages integrated into a central nervous system that likely responded the same way; in short, early humans were probably just as observant as modern humans, which, given our visual abilities, is very observant indeed.

The history of poisoning would be a history of mistakes, were it not for the simple fact that we use plants for more than food. Animals immediately ancestral to humans have very primitive forms of culture, that is, learned and transmitted knowledge. Studies of chimpanzees and bonobos over the last 50 years have shown that different populations of these animals do things (how they use tools to extract termites from nests, how they hunt other animals) differently from one another. It is clear that they can learn and transmit behavior. This has contributed to a complex picture of each animal population, which is partly defined by what they pass on in knowledge to one another. People, unlike chimps, use plants in many more ways, including ritual, dance, shelter, religion, and many other social interactions. This tends to structure how poisonings occur.

According to polls that one of us (PvA) took of the undergraduates he regularly teaches, alcohol poisoning is common (25% of the students admitted to having poisoned themselves with alcohol). The prehistory of alcohol poisoning is likely to overlap with the first archaeological artifacts that are unique to alcoholic beverage production. There is ongoing debate in this field, as evidence is scattered, but it has been argued that alcohol consumption may predate cereal cultivation: beer may well have predated bread.

Guessing at the history of alcohol is relevant to any ideas about early poisoning, because alcohol use slipped in on the coattails of plant usage. Mammals other than humans, including chimpanzees, elephants, and bears, are known to use plants for medicinal reasons. For early hominids and early humans, plants played a medicinal role.

Medicine arose independently from a number of different sources, such as the Indo-Germanic, Egyptian, Chinese, and Babylonian traditions. The Greek tradition provides the best chain of ideas that link lore through philosophy to medicine and then modern medicine. The history of this tradition in medicine begins with Anaximander of Miletus, the first known philosopher to pay attention to living things. He did not differentiate between plants and animals: both originated from the moist element of the earth. His writings indicate a clear idea that animals and plants evolved and changed. The 6th century B.C. was a time of great intellectual and social upheaval in Greece. Ideas developed rapidly. About 50 years after Anaximander, Empedocles of Akragas systematized the world into water, earth, air, and fire, and the attraction and repulsion between these elements. Plants, in his opinion, were the first organisms on the earth. Empedocles had a lasting influence because he developed coherent ideas about plants, plant nutrition, and plant evolution. This created a strong base for the great interest in plants that occurred in the next century. A body of writing attributed to Hippocrates of Cos is the first extensive picture of medicine in ancient Greece. This work, detailing observations and recorded medical experiences, lists over 200 plants that are found as ingredients in remedies, and 100 plants that are of dietary importance, which was considered a part of therapy. Hippocrates’ principal contribution was that lessons in medicine must be drawn from experience. This formed the basis for rational medicine. Medical practitioners who practice rational medicine were differentiated from those who practiced nonrational medicine, such as magic-based, priest-controlled groups, or specialized cults, such as that of Asclepias.

Ideas generated from philosophers of natural history influenced both rational and nonrational medicine. Echion’s idea that the shape of a plant organ might provide an indication of potential use in human medicine was embraced, in various forms, by both sides in the centuries that followed. Herbals both of pharmocognosy (Diocles) and later, illustrated herbals (Crateaus) created a longstanding tradition in botany of compendia of information. By the 4th century B.C., rationalist physicians were divided into two camps: Aristotelians, who created a theoretical basis for plant use, and empiricists, who believed in experience.

The next leap in medicinal use of plants, and one that would have an impact for a millennium, was Dioscorides’ compilation of all possible components—animal, mineral, and vegetable—of medicines. He traveled, did field work, inquired from locals about plant use, made comparisons to establish what was universally accepted, and performed trials on the efficacy of plant drugs on particular diseases.

We can look back at the lists of drugs current in the ancient world, analyzing the various ancient medical treatises housed in libraries and archives, and try to understand how they were used—looking, for example, at the chemical evidence from archaeological samples. If a survey of the medical treatises from the 5th century B.C. to the 2nd century A.D. is made, then we can compare the number of prescriptions with the types of plants that are used. According to medical historian and classicist Alain Touwaide, as many as a few thousand plants are listed as ingredients of formulas or prescriptions, but these prescriptions can be roughly divided into two types: those with many ingredients and those with few ingredients. The formulas that require many ingredients—and these are the bulk of the ancient prescriptions—tend to use the same small subset of plants, approximately 45 to 60 common plants. All these medicinal plants were common garden plants, not wild weeds. Garlic, parsley, leek, flax, cauliflower, oregano, and other plants were represented dozens of times in ancient prescriptions.

Medicinal poisoning, through from ancient times and all the way to Renaissance Europe, ought to have been low, as most historical medical formulations for which we have records are relatively harmless. However, this does not take into account the complexities of ancient medicine in regard to poisons. Poisons are not unique to plants but are well known from snakes and other animals. The impressive lethality of animal and plant poisons was considered in two books written by Nicander of Colophon in 130 B.C. In the first, Theriaca, he describes snakes, their poisons, and the potential antidotes. In the second, Alexipharmaca, he listed other animal poisons, as well as mineral and plant poisons. Remedies are also itemized, and these are almost always herbal. Experimentation in the interests of discovering antidotes occupied infamous ancient kings such as Mithridates of Pontus and Attalus III of Pergamon, both of whom experimented on prisoners. In short, a branch of medicine was obsessed with poisons and how to overcome their effects. This is difficult to appreciate, since we live in an age when we have a microbial explanation of many diseases, not to mention genetic and molecular understanding of the basis for numerous illnesses. Ancient practitioners had few reliable treatments, so it is not surprising that powerful poisons should occupy a prominent position in medical thinking.

The first mention of dosage is in Dioscorides, in which the effects of belladonna are given in a graded series based on one, two, or three drachmas’ worth, with the first being good, the second with psychoactive effects for up to three days, and the third, deadly. Medicine from the time of the Greeks to the Romans and later to the Middle Ages was an evolving set of traditions that experienced the occasional flowering, as it did in the 6th century B.C., and again in the 2nd century A.D. However, for long periods, this knowledge was simply copied, often unreliably, so that errors crept in and were perpetuated. The field stagnated until modern medicine began its rise in the early Renaissance with the rediscovery of Greek and Roman documents.

Today, with approximately 120 prescription drugs derived from plants (less than 100 plant species supply these drugs), medicinal use remains one of the major causes of poisoning, whether attributable to incorrect dosages, drug-drug interactions, or individual reactions to dosages that were unforeseen or unpredicted.

A history of poisonings would not be complete without mention of memorable deliberate poisonings. State killings are interesting examples where humans normally appalled by murder will agree on a death for the greater good, including political execution. The state poison of ancient Athens was poison hemlock (Conium maculatum); both Phokion and, most famously, Socrates were executed by being forced to drink it. A more recent example of state execution—or rather assassination—was the 1978 murder of Georgi Markov, who was injected with ricin from castorbean (Ricinus communis) while he stood at a London bus stop (a pellet containing the toxin was pushed into his leg by the tip of an umbrella carried by a Bulgarian secret agent). The attack on Markov was one of three such attacks in the same year in different European capitals. From killing individuals to finishing off your enemies is a small step. The ancient Greek general Solon besieged Cirrha, then diverted a stream that flowed into the city, forcing the besieged to drink well water and collected rainwater until these supplies gave out. The general then directed the stream back to its original course, but dipped hellebore plants in the water. The thirsty Cirrhaeans drank deeply and suffered general diarrhea. Stricken guards left their posts just long enough for Solon and his troops to enter and take the city.

Medicinal applications

Just because a plant is considered poisonous or harmful in some way does not mean that it cannot be useful or valuable. Many poisonous plants are beautiful and decorative, offering “food for the soul,” if not for the body. Aside from their ornamental value, though, many provide important compounds widely used in traditional and modern medicine. The very actions that render them poisonous—their effects on the heart and circulatory system, the nervous system, the blood, or on cell division, for example—make them useful in treating certain conditions. Pharmacognosy is the science dealing with the knowledge of natural drugs and their biological, chemical, and economic features. By definition, this science also includes the study of the poisonous properties of medicinal plants.

Purple foxglove (Digitalis purpurea) is one of the best known and most widely used poisonous medicinal plants. It was known to be poisonous but was used for centuries by illiterate farmers and housewives in England and Europe for treating dropsy, a condition of massive fluid retention in the body, known more recently to be brought about by poor heart function. The link between foxglove, heart activity, and dropsy was first proposed in the late 1700s by prominent British physician William Withering. We now know that foxglove contains a mixture of cardiac glycosides, including digitoxin, gitoxin, and gitaloxin, which have a strong effect on the heart muscles. When used in correct dosages they change the rhythm of the heartbeat, lengthening the time between heart contractions and thus allowing the ventricle to be emptied more completely. They also improve general circulation, relieve fluid buildup, or edema, and help kidney secretion. The dosage must be carefully controlled, however, because the effective therapeutic dose may be as high as 70% of the toxic dose. Today, millions of people take some form of digitalis to help regulate and strengthen their heartbeat—proof that poisonous plants can be life-savers as well as life-takers.

There are many other examples of useful yet toxic plants. Opium poppy (Papaver somniferum) yields, among other compounds, the potent but habit-forming painkiller morphine, as well as the milder, usually non-habit-forming analgesic codeine. Both are alkaloids, isolated from opium. A third opium alkaloid, papaverine, is used mainly in the treatment of internal spasms, particularly of the intestines.

Green false hellebore (Veratrum viride), which has been used medicinally by North American indigenous peoples for generations, yields a number of important alkaloids, particularly the ester alkaloids germidine and germitrine, which have been used in the treatment of high blood pressure. May-apple (Podophyllum peltatum) contains lignans having anticancer and antiviral properties and provides a drug of choice for treating human venereal warts. Pacific yew (Taxus brevifolia), well known to Northwest Coast indigenous peoples as a strong, resilient wood and a source of medicine, is renowned as the original source of the anticancer drug Taxol, derived from its bark. Many other toxic plants have been used in folk medicine in various parts of the world, and some are still marketed in health food and herbal healing stores. Most are safe if used correctly, but a very few products that have been bought and used as directed have resulted in serious illness or death for the user.
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Purple foxglove (Digitalis purpurea).
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Green false hellebore (Veratrum viride) roots: an important but potentially dangerous traditional medicine.
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Opium poppy (Papaver somniferum).
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Pacific yew (Taxus brevifolia).

Many herbs sold as teas or for medicinal use are labeled only by common names on their packages, and this can be misleading, since the same common name may be used for two or more distinct types of plants. Sometimes, too, people have a violent allergy to herbal medicines that may be safe for others. Since laws to guide the use of herbal medicines are not well established, the onus is on the user to ensure that the herbal medicines taken are safe. Appendix 6 lists some herbal medicines with potentially harmful effects, as well as providing a short discussion on safety and efficacy of herbal remedies. The American Botanical Council is dedicated to effective and safe use of herbal medicine; its journal, HerbalGram, is a good source of information on herbal medicines.

TREATMENTS: WHAT TO DO, WHAT TO EXPECT

Digestive tract irritants

The most common type of internal poisoning by plants is irritation of the mouth, throat, stomach, and intestines due to the ingestion of toxic substances. Although the actual toxins and their means of action vary considerably, the general treatment for such irritation is relatively uniform. The simple suggested procedures provided here are as outlined by the Poison Management Manual (Kent et al. 1997).

For mouth and throat irritation, caused by chewing on plants such as Dieffenbachia and other plants in the arum family (Araceae) containing calcium oxalate crystals that burn and irritate the mouth and throat, give milk or ice cream, or allow the patient to suck on a popsicle or ice chips. Observe for swelling of the mouth and throat, which may block air passage. Antihistamines may relieve the swelling.

After ingestion of stomach irritants, including wisterias (Wisteria spp.) and daffodils (Narcissus spp.), vomiting usually occurs spontaneously. Antacids may provide relief. Ingestion of intestinal irritants usually results in vomiting, abdominal pain, and diarrhea within an hour. Other systemic effects occur only if large amounts have been ingested. In this group are saponin plants such as horse chestnuts and buckeyes (Aesculus spp.); resincontaining plants such as daphnes (Daphne spp.), irises (Iris spp.), and American pokeweed (Phytolacca americana); taxine-containing yews (Taxus spp.); and miscellaneous plants including oaks (Quercus spp.), English holly (Ilex aquifolium), mistletoes (Phoradendron spp.), poinsettias and spurges (Euphorbia spp.), European privet (Ligustrum vulgare), and common snowberry, or waxberry (Symphoricarpos albus).

Some plants cause intense digestive reactions that may be delayed for an hour or up to two days following ingestion. These include such violent toxins as colchicines in autumn crocus (Colchicum autumnale) and glorylily, or flame lily (Gloriosa superba and its relatives); oxalates and other toxins in rhubarb (Rheum rhabarbarum); solanine in nightshades, potato sprouts and green tubers, tomatoes, and Jerusalem cherries (Solanum spp.); and poisonous proteins in castorbean (Ricinus communis), rosarypea (Abrus precatorius), and black locust (Robinia pseudoacacia).

For all these plants, activated charcoal may be administered by medical staff, followed by appropriate supportive care and observation.

Skin and eye irritation

Skin irritations are of various types, including mechanical injury caused by spines, thorns, or barbs, chemical irritation, allergic skin reactions, and photodermatitis, which occurs when exposure to the plant is followed by exposure to sunlight. Plants that irritate the skin and eyes are listed in Appendix 3, and some of the more serious dermatitis-causing plants (poison ivy, poison oak, and poison sumac) are treated in Chapter 3. Irritation, itching, burning, blistering, and/or excessive pigmentation may result from touching or rubbing against these plants, and sometimes there is danger from secondary infection if the skin is broken.

For mechanical injury to the skin, remove thorns, spines, or barbs, and treat the wound with a disinfectant. Small cactus spines can sometimes be removed by dripping candle wax over the affected area, allowing the wax to harden by immersing the area in cold water, and then peeling off the hardened wax. For other types of dermatitis, wash the skin thoroughly with soap and water. Remove any contaminated clothing and wash prior to reuse. For poison ivy or its relatives, application of calamine lotion, Burow’s solution (containing aluminum acetate), or an antiperspirant containing aluminum salts may provide relief. Severe itching may be treated with diphenhydramine given orally or by muscular injection, or with topical or systemic corticosteroids. Maintain close observation for bacterial or fungal infections.

To treat eye irritations, gently flush the eyes with a stream of slightly tepid water or saline solution for five minutes. If the irritation persists, an ophthalmologist should be consulted. For further information on treatment of skin and eye irritations caused by plants, see Kent et al. (1997).

It’s mainly about adsorption: activated charcoal

Suspected plant poisoning is now treated more simply than it was in the past. Formerly, emetics were considered necessary to induce vomiting, but studies showed that most poisonous substances could be rendered physiologically inactive by adsorption (binding them onto surfaces). One way to increase the surface area of an adsorbing substance was to use chemical-binding compounds that have enormous surfaces. The most commonly used adsorptive substance is activated charcoal, the adsorptive surface of which is infinitely larger than the absorptive surface of the stomach and intestines. As a result the dangerous compounds attach themselves to the most abundant surface available, which is the charcoal.

Activated charcoal is not likely kept in most home medicine cabinets, as ipecac syrup was, and just as well: its administration is not easy, as it is unpleasant to ingest. However, a patient on his/her way to a hospital can attempt to minimize poisons by drinking milk, which has a highly adsorbent protein suspension. Once in hospital, the patient is given activated charcoal, provided with appropriate supportive care, and put under observation—a “wait and see” approach. Again, most plant ingestions don’t require active treatment involving plant identification and the complexities of dealing with a list of suspected biochemical compounds. Immediate analysis is often inadequate if not impossible.

Beyond activated charcoal and observation

Poisons that require more than activated charcoal and observation, according to Dr. Les Vertesi, are classified according to the following criteria.



1. Simple gastrointestinal and mucous irritants, such as saponins, which need only supportive care.

2. Hallucinogens, which require only supportive care.

3. Belladonna derivatives, which may require specific pharmaceutical antagonists (such as physostigmine). These are often present with delirium (which can be difficult to distinguish from 2), but there are other physical signs. Most of these can be managed with supportive care, but severe overdoses can be fatal even in professional hands.

4. Cardiac glycosides, such as those found in foxglove, have complex effects on the heart that essentially stop it from beating. Treatment can involve cardiac pacing. An antidote—Digi-bind—is kept on hand in most emergency rooms.

5. Cyanides are not found free in plants but are sometimes generated after ingestion. Without a good history of what plants were consumed, diagnosis can be tricky. If cyanide is suspected, there is a specific antidote kit available (inhaled amyl nitrite and intravenous sodium nitrite and sodium thiosulfite).

6. Amanita phalloides is most feared as there is generally little that can be done. It causes extensive damage, ultimately destroying bowel, liver, and kidneys. Rapid dialysis can be effective, but few hospitals have the necessary equipment.

Safety of ipecac?

It is commonly mentioned in past books on poisonous plants, and consequently on the Web, that inducing vomiting by using an emetic (in particular, widely available ipecac syrup) is a useful treatment. Since the first edition of this book was published in 1991, the safety and effectiveness of ipecac syrup has been called into question by the American Academy of Clinical Toxicology and European Poison Centres (1997). In their position paper on ipecac syrup (Journal of Clinical Toxicology 35:699-709), they submit that there is no evidence that ipecac syrup actually helps improve the outcome in cases of poisoning and argue that administering this emetic can delay the administration of more effective treatments such as activated charcoal and/or antidotes. They note that ipecac syrup can change one’s neurological status, making it difficult to distinguish the effects of the poisoning from the effects of the ipecac, and that ipecac administered at home could result in an accidental overdose. Finally, they cite serious cases of abuse of this substance by people with eating disorders such as bulimia. Other poison control centers advise against using ipecac under most circumstances, unless as a last resort when there is no alternative therapy available and when it would not adversely affect more effective treatment that might be provided at a hospital in the immediate future. The Rocky Mountain Poison and Drug Center, for one, suggests that the routine stocking of ipecac in all households with young children is neither necessary nor advisable; for summary recommendations, see http://www.guidelines.gov/summary/summary.aspx?doc_id=8052#s23

Gastric lavage

Gastric lavage, a standard procedure in most cases of serious poisoning in the past, is seldom used, having been superseded by activated charcoal in most situations. It is a procedure done only by a physician or qualified medic, involving the passage of a tube into the stomach, removal of the stomach contents through gravity or suction, and careful replacement of the contents with water or normal saline solution. The procedure is usually repeated until the washings are clear and free of toxic materials and is generally followed by a dose of activated charcoal and a saline cathartic. Unless the patient is in a coma, sedation is usually required before gastric lavage is carried out: it is an uncomfortable and somewhat frightening procedure. It has saved many lives, however; one of us (PvA) had his stomach pumped when as a three-year-old he consumed a bottle of some kind of medicine.

Cathartics

Cathartics—substances that speed up elimination of materials through the digestive tract—can be very useful in treatment of poisoning but should be given only under medical supervision. They are usually given at the same time as activated charcoal: after the patient has vomited, or after gastric lavage has been performed. By hastening the passage of toxic materials through the digestive tract, they help to decrease the body’s absorption of harmful compounds. They also help to disperse the activated charcoal more evenly and prevent it from becoming cemented into hard lumps. Cathartics include such substances as magnesium sulfate (epsom salts), sodium sulfate, sodium phosphate-biphosphate complex (Fleet Enema), and sorbitol. These can be given orally or through a tube. The first three are salts, which are dissolved in water, juice, or sweetened fluid. The last can be given straight or mixed with activated charcoal. A table of dosages is given in the Poison Management Manual (Kent et al. 1997). Cathartics should not be used for poisoning by corrosive substances, or if a patient’s electrolyte balance is disturbed. If the patient is suffering from kidney failure, magnesium-containing cathartics should not be used. Castor oil or mineral oil are not recommended because they may increase absorption of fat-soluble poisons.

PLANT POISONS AND THEIR EFFECTS

Classification of plant poisons

Many types of potentially harmful substances are to be found in plants. Biochemists classify them according to their chemical structures, as well as their effects on people and animals. Many poisonous plants contain more than one kind of toxic substance, and sometimes the major classes of toxic compounds overlap by virtue of sharing certain chemical structures. In spite of all that is known about the chemistry of toxic plants, there is still much more to learn. As already indicated, many plant toxins can be put to use by people as medicines, and undoubtedly many more medicinal uses are yet to be discovered.

Alkaloids and glycosides comprise two major classes of plant toxins, both highly complex and diverse. They are difficult to characterize in more than a general way, and in each case several subclasses are recognized based on chemical structure and physiological action. Some other poisonous principles found in plants are oxalates, tannins, phenols, alcohols, aldehydes, volatile oils, and poisonous proteins. Following is a brief overview of these classes. For further, more detailed information, the reader is referred to Frohne and Pfänder (2005).

Alkaloids

Alkaloids are a major group of organic compounds. Over 4000 alkaloid compounds have been identified, and they occur in about 15 to 20% of vascular plants and at least 40% of plant families. They are found in roots, seeds, leaves, bark, and stems. Many plant species contain several different alkaloids similar in structure. Alkaloids are mostly basic in nature, as implied by their name, meaning “alkali-like.” Derived from amino acids, they have a complex molecular structure, with at least one nitrogen (N) atom included within a heterocyclic ring. By definition they have a specific pharmacological activity, especially on the nervous systems of animals. This makes them both potentially toxic and potentially medicinal. Most are bitter-tasting.

Many alkaloids bear names based on the scientific name of their plant sources, with the ending -in, or -ine (e.g., solanine, from nightshade, Solanum, and lupinine, from lupine, Lupinus). Some are named from their physiological actions, such as morphine (“sleep-inducing”) from opium poppy (Papaver somniferum).

Plant families with many alkaloid-containing species include the aster family (Asteraceae), spurge family (Euphorbiaceae), pea family (Fabaceae), lily family (Liliaceae), poppy family (Papaveraceae), buttercup family (Ranunculaceae), coffee or madder family (Rubiaceae), and nightshade family (Solanaceae). Two very poisonous groups of alkaloid-type compounds, however, are from yews (Taxus spp.) in the yew family (Taxaceae) and poison hemlock (Conium maculatum) in the carrot family (Apiaceae); these families are otherwise poorly represented by alkaloids. Examples of some major subclasses of alkaloids and representative plants containing them are given in Table 1.

Once ingested, alkaloids may be chemically altered by enzyme reactions in the liver. Sometimes they are rendered harmless; in other cases they become even more deadly. This is apparently the case with the pyrrolizidine alkaloids found in ragworts (Senecio spp.). It has been suggested that the ragwort alkaloids themselves are not harmful to the liver, but compounds produced from them are. They cause irreversible liver damage in humans and animals for which there is no satisfactory treatment. People drinking herbal teas from ragwort species, or even consuming milk or honey contaminated with ragwort, are at risk even if the quantities consumed are minor.

Structural similarities have been shown between various alkaloids and nerve transmitter substances produced by the human body, including acetylcholine, norepinephrine, dopamine, and serotonin. It is thought that the toxicity of many alkaloids is due to their mimicking or blocking the action of such substances. Symptoms common to acute poisoning by these alkaloids include excess salivation, dilation or constriction of the pupils, vomiting, abdominal pain, diarrhea, lack of coordination, convulsions, and coma. Treatment is with drugs that counteract the central nervous system effects of alkaloids.

Table 1. Some major subclasses of alkaloids and examples of plants and fungi containing them.
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Cyanogenic glycosides

Glycosides are compounds that consist of one or more sugar molecules, combined with an aglycone, or non-sugar component. When ingested, glycosides are readily broken down by enzymes or acids into sugar and aglycone units. The poisonous qualities of glycosides are determined by their aglycones, and the properties of the latter are often used to classify glycoside compounds.

Cyanogenic glycosides release hydrogen cyanide as a byproduct of their breakdown, which may occur when the plants are bruised, wilted, or ingested. Trace amounts of cyanogenic glycosides are found in many types of plants. Altogether, some 800 species in 80 different families contain them. However, relatively high concentrations leading to cyanide poisoning occur in only a few species, mainly in the rose family (Rosaceae) and pea family (Fabaceae). Cyanide-producing plants possess an enzyme system which, when it comes in contact with the cyanogenic glycoside, breaks down the glycoside into sugar, cyanide, and an aldehyde or ketone.

The digestive system is capable of breaking down small quantities of cyanides, but in larger doses they cause anxiety, confusion, dizziness, headache, and vomiting, with an odor of bitter almonds on the breath or vomit. Cyanides inhibit oxygen uptake in the body’s cells, and thus poisoning may occur very suddenly if the ingested amounts are able to overwhelm the body’s detoxification mechanism. Difficulty in breathing, fluctuations of blood pressure and heart rate, and possible kidney failure may also occur. Coma, convulsions, and death from respiratory arrest may happen suddenly and rapidly.

Glucosinolates

Another important group of glycosides is the goitrogenic glycosides, mustard oil glycosides, or glucosinolates. They are responsible for the hot, pungent flavor of radishes, cresses, cabbages, and other members of the mustard family (Brassicaceae). They may be present in all parts of a plant, but the highest concentration is usually in the seeds. Goitrogenic glycosides break down with an associated enzyme into a glucose sugar, a sulfate fraction, and irritant mustard oils, or goitrogens, which interfere with the uptake of iodine by the thyroid gland and ultimately limit thyroxine production. In small quantities they are harmless to people eating a balanced diet, but if eaten in excess over long periods of time they could lead to lowered thyroid activity. Mustard oils should not be confused with mustard gas, the greenish-colored poisonous chlorine gas used in chemical warfare.

Cardiac glycosides

Cardiac glycosides, also known as cardioactive and cardiotonic glycosides, are a group characterized for their direct action on the heart. Over 400 have been isolated, the best known being the digitalis glycosides present in purple foxglove (Digitalis purpurea). Besides their effect on the heart muscle, cardiac glycosides can produce severe digestive upset with nausea, vomiting, abdominal pain, diarrhea, blurred and disturbed color vision, and other symptoms relating to decreased heart function.

Saponins

Saponins are glycosides of terpenoid compounds; their aglycone component is a compound termed a sapogenin. They are water-soluble, bitter-tasting, and soap-like, even at low concentrations. They are seldom harmful in small amounts, but if consumed in large doses their effects can be serious. Symptoms may include irritation of the mucous membranes, increased salivation, nausea, vomiting, and diarrhea, and in severe cases, dizziness, headache, chills, heart disturbances, and eventually convulsions and coma. Saponins alter the permeability of cell membranes and break down red blood cells; hence a saponin injected into the bloodstream can be fatal. They are highly toxic to cold-blooded animals and have been used around the world as fish poisons.

Examples of these and other major classes of toxic glycosides are given in Table 2.

Other classes of poisonous plant compounds

Plant toxins other than the alkaloid and glycoside classes form a diverse chemical mixture of many different types of compounds, some defined by their chemical composition and some by their effects on humans and other animals.

Oxalic acid and oxalates. Oxalic acid and its salts, called oxalates, occur in nearly all organisms, but in certain plant families such as the goosefoot family (Chenopodiaceae) and the buckwheat family (Polygonaceae), relatively large and potentially toxic amounts occur in a number of species. The sour taste of rhubarb stalks and sorrels is from the acid itself. Other plants contain high concentrations of the salts, including sodium oxalate and potassium oxalate, both water-soluble, and calcium oxalate, which is not. When large quantities of plants containing oxalic acid or soluble oxalates are eaten, the oxalate component (oxalate ions) may combine with free calcium in the digestive tract to form insoluble calcium oxalate. This “tying up” of free calcium can lead to a calcium deficiency, especially if the diet is already poor in calcium. Additionally insoluble calcium oxalate crystals may be deposited in the kidneys and other organs, causing mechanical damage.

Table 2. Some major classes of toxic glycosides and examples of plants containing them.
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Oxalate content varies considerably with the plant’s age, and with seasonal, climatic, and soil conditions. Under normal circumstances, oxalates in moderate amounts can be broken down by bacteria in an animal’s digestive tract. Usually oxalic acid salts must comprise 10% or more of a plant’s dry weight to be seriously toxic. Several range plant species in the goosefoot family are particularly notorious for their accumulation of large amounts of oxalates. These include saltlover (Halogeton glomeratus), grease-wood (Sarcobatus vermiculatus), and Russian thistle (Salsola kali). Of plants eaten by people, rhubarb (Rheum rhabarbarum) stalks (the leaves contain other severe toxins), beets (Beta vulgaris), sorrels and woodsorrels (Rumex spp., Oxalis spp.), and purslane, or little hogweed (Portulaca oleracea) should all be used only moderately and not in large amounts due to their potential for accumulating oxalic acid and oxalate salts.

Additionally, certain plants, mostly in the arum family (Araceae), contain calcium oxalate in bundles of minute but sharp, needle-like crystals that cause intense burning, swelling, and discomfort to the lips, mouth, and throat if ingested, by puncturing the sensitive mouth tissues. This physical damage and irritation can become even more serious if the breathing passage is constricted by swelling. Many of our common houseplants—philo-dendrons, dieffenbachias, caladiums, and calla lilies, for example—are in the arum family and contain these irritating crystals (see Chapter 5).

Tannins and other phenols. Phenols are acidic and form salts with alkaline compounds. Probably the most notorious types of phenols are those of the various species of Toxicodendron (formerly in the genus Rhus), poison ivy, poison oak, and poison sumac, which cause serious allergic skin reactions in most people. Tannins are complex, astringent phenols, the active part being gallic acid. They are used commercially in tanning leather. They bind up proteins, including enzymes, and thus can quickly stop all cell functions. They occur in many tree barks and other plant structures but are seldom a problem for humans. They are, however, present in the acorns and leaves of oaks (Quercus spp.), making them extremely bitter and potentially toxic. Even edible types of acorns, before they can be safely consumed, usually must have their tannins removed through leaching.

Alcohols. These carbohydrate derivatives are best known to people in the form of ethyl alcohol, the active ingredient of wine, beer, and other alcoholic beverages that is produced by fermentation of carbohydrates. We do not normally consider this type of alcohol to be poisonous, but the first definition of “intoxication” (the term that usually covers the abnormal state of “being drunk”) is “essentially a poisoning.” According to compilations of emergency room records, alcohol poisoning in northern temperate countries accounts for the highest percentage of self-poisonings.

Polyacetylene compounds. Water hemlocks (Cicuta spp.), probably the most violently poisonous plant genus of the north temperate zone, contain highly unsaturated polyynes, cicutoxin and cicutol, as their main toxic principles.

Aldehydes and ketones. Aldehyes and ketones are carbohydrate derivatives and are not commonly associated with plant poisoning. When a person has eaten an inky-cap (Coprinopsis atramentaria), followed by an alcoholic beverage, coprine in the mushroom causes the body’s metabolism of the alcohol to be slowed down. This results in the accumulation of acetaldehyde, a toxic aldehyde, and in the symptoms of coprine poisoning as described under this mushroom.

Ketones are rarely toxic. One that is reputed to be harmful is found in pennyroyal (Mentha pulegium), making this mint potentially unsafe for use as a medicinal herb or tea. Another toxic compound is tremetone, an aryl ketone that occurs in white snakeroot (Ageratina altissima) and some of its relatives.

Proteins, peptides, and amino acids. Proteins are essential constituents of all living cells. Composed of 20 different types of amino acids linked together, proteins play a major role in cell structure and metabolism. Peptides are less complex combinations of two or more amino acids. Longer peptide chains are known as polypeptides. Many different types of proteins, peptides, and amino acids occur in plants, and some are toxic.

Over 250 different amino acids are known, but only 20 occur in proteins. The others occur in a free state in living cells and are derived from chemical alteration of the protein amino acids. Lathyrogens, amino acids found mainly in the seeds of sweetpea (Lathyrus odoratus) and its relatives (Lathyrus spp., Vicia spp.), are responsible for lathyrism, a chronic disease.

Toxic polypeptides are relatively rare, although cyclic polypeptides are responsible for the most deadly types of mushroom poisoning. They are found in death cap (Amanita phalloides), destroying angel (A. bisporigera and several related species in the A. verna-virosa complex), galerinas (Galerina spp.), several small Lepiota species, including L. subincarnata, and some corts (Cortinarius spp.), as well as in some poisonous cyanobacteria (bluegreen algae). European mistletoe (Viscum album) and akee (Blighia sapida) seeds also contain toxic polypeptides.

Poisonous proteins were previously called toxalbumins because of their solubility properties. Most of these proteins exhibit lectin-like characteristics, such as agglutinization of red blood cells. One such lectin, ricin, is said to be the most toxic naturally occurring compound. Found in castorbean (Ricinus communis), it inhibits protein synthesis in the cell wall and agglutinates red blood cells. Other toxic lectins include abrin, found in rosarypea (Abrus precatorius); robin, found in black locust (Robinia pseudoacacia); and a lectin found in American pokeweed (Phytolacca americana), which is a mitogen affecting the activity of white blood cells.

Thiaminase, the thiamine-destroying enzyme found in brackenfern (Pteridium aquilinum) and horsetails (Equisetum spp.), is an example of a protein that is toxic not because of its structure, but rather in consequence of its activity.

In addition to these toxic proteins, others are responsible for the specific allergic reactions some people have toward certain types of plants. In these cases, the intensity of the reaction depends not on the quantity of the toxic protein but on the sensitivity of the affected person.

Resins and volatile oils. Resins and volatile, or essential, oils are complex and diverse compounds widely produced by plants. They tend to be secondary compounds—substances that apparently play no role in the primary or fundamental physiology of the plant. Resins are fat-soluble mixtures of volatile and nonvolatile terpenoids and/or phenolic compounds, which occur widely in woody plants. Resins and volatile oils are derived from terpenes, the largest class of organic compounds in the living world, which are hydrocarbons with multiples of isoprene units (molecular formula C5H8). According to their complexity, these compounds are divided into mono-, sesqui-, di-, and triterpenes. Resins are usually secreted in specialized structures located either within or on the surface of a plant. Sometimes they are produced when a plant is injured, and they help to protect the plant while it is repairing the damage. Resins and volatile oils often occur together in mixtures, or oleoresins. Turpentine, for example, is an oleoresin obtained from sapwood ducts of certain pines (Pinus spp.). Resins are widely harvested for a host of industrial applications. For those who want to learn more about plant resins, we recommend the book by Jean Langenheim (2003).

Mayapple (Podophyllum peltatum) contains a complex of toxic compounds known in commerce as podophyllum resin. These are bitter, irritant, and strongly purgative. Podophyllotoxin and its derivatives have medicinal potential in cancer therapy. Only the ripe fruit of mayapple is edible.

Spurges (Euphorbia spp.), including christplant, or crown of thorns, poin-settia, and other ornamental species, contain phorbol, an irritant compound, as a major toxic component of their latex. Many members of the heather family (Ericaceae), including rhododendrons and azaleas (Rhododendron spp.), mountain, sheep, and alpine laurels (Kalmia spp.), and Japanese pieris (Pieris japonica), contain andromedotoxins, terpenes that affect the heart and circulatory system and are potentially deadly. Other toxic terpenes are found in daphne, or paradise plant (Daphne mezereum and related spp.), irises (Iris spp.), marijuana (Cannabis sativa), and chinaberrytree (Melia azedarach).

Ester derivatives of some resins, including phorbol from the spurges and their relatives, and mezerein from Daphne, are known to present another hazard in addition to being directly poisonous. They are cocarcinogens, acting as potent cancer-causing agents when applied after a low-dosage application of a carcinogen. The initial carcinogen may initiate a latent tumor cell, which may remain normal in appearance for a long period; when the cocarcinogen is applied, the cell rapidly becomes cancerous. The cocarcinogen however, does not cause malignant growth itself, even when applied repeatedly.

Volatile oils are almost all mixtures of compounds, usually a liquid and one or more solid components. They are strongly scented and, as their name suggests, they evaporate rapidly when exposed to air. They occur in various plant tissues, depending on the plant family. These are the compounds responsible for the many scents of flowers, herbs, and spices. Some, such as bitter almond oil and mustard oil, are produced from glycosides, and hence are often classed together with glycosides.

Many volatile oils are fragrant and pleasant flavorings of our foods and beverages. In larger amounts, however, they can be harmful. Some are irritants, and some may be tumor-inducing. Thujone is a volatile oil occurring in various cedars, cypresses, and junipers (Thuja spp., Chamaecyparis spp., Juni-perus spp.), and also found in various species of the aster family (Asteraceae), including wormwoods (Artemisia spp.), common tansy (Tanacetum vulgare and related spp.), and yarrow (Achillea millefolium). If used repeatedly, thujone can cause serious personality changes, and in large quantities it can produce convulsions and brain cortex lesions. Other potentially harmful volatile oils include umbellulone, from the leaves of California laurel (Umbellularia californica); asarone, from the roots of some strains of sweetflags (Acorus spp.) and swildgingers (Asarum spp.); menthol, from peppermint oil (Mentha x piperita); camphor, from the camphortree (Cinnamomum camphora) and synthetic sources; myristicin, from nutmeg and mace (Myristica fragrans); and safrole, from sassafras (Sassafras albidum) and other spicy flavorings.

Phototoxins. Some plants contain phototoxins, or photosensitive agents, chemical substances that can make the skin extremely sensitive to ultraviolet radiation in sunlight. Some compounds in this diverse group can cause cell damage simply on contact with the skin. These include the furanocoumarins in various plants in the carrot family (Apiaceae), including giant hogweed (Heracleum mantegazzianum), and the thiophene compounds in marigolds (Tagetes spp.) and other members of the aster family (Asteraceae); such compounds give primary photosensitization effects. Other phototoxic substances (e.g., naphthodianthrones) travel to the skin after being eaten and absorbed into the blood stream. In this category are phototoxins in St. Johnswort (Hypericum perforatum), buckwheat (Fagopyrum esculentum), knotweeds and smartweeds (Polygonum spp.), and lambsquarters (Chenopodium album).

A secondary type of photosensitization, occurring in livestock, results from any type of damage to the liver that prevents the normal excretion of phylloerythrin, a common pigment produced in the digestive tract as a breakdown product of chlorophyll. The phylloerythrin accumulates in the blood and tissues and causes skin reactions in sunlight (Knight and Walter 2001).
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Leaves and stems of giant hogweed (Heracleum mantegazzianum) have phototoxic properties, which can cause severe skin irritation (redness, soreness, blistering, and discoloration) when contact is followed by exposure to sunlight.

Symptoms of photosensitization resulting from cell damage to the skin include itchiness, redness, heat, swelling, and blistering that may last for many days, weeks, or even months. Excessive pigmentation, or hyperpig-mentation, of the skin in the affected area may remain for a year or more. Photodermatitis is sometimes difficult to distinguish from skin reactions caused by poison ivy and its relatives, which are allergens. The condition, being activated by ultraviolet light, occurs only if the skin of the person or animal is exposed to sunlight (or to artificial UV light) after exposure to a phototoxic substance. Light-skinned people and animals are more likely to be affected by phototoxins than dark-skinned individuals.

The reactivity of some furanocoumarin phototoxins with UV light has been exploited with success in treating psoriasis. The phototoxins, given orally and followed with exposure to certain wavelengths of ultraviolet radiation, prevent the excessive cell division of skin cells that is characteristic of psoriasis.

Cancer-causing plant substances. Many plant substances are known to increase the likelihood of the growth of abnormal or cancerous cells in laboratory animals such as rats and mice. Humans can be expected to have similar reactions to these substances, although in most cases their hazards can only be assumed. A review of naturally occurring, tumor-inducing substances is provided by the American Cancer Society on their Web site (www.cancer.org). Although cancer-causing plants must certainly be considered toxic, it is not within the scope of this book to treat the various types in detail. We do know that some substances statistically increase the risks of contracting cancer, and for this reason certain plants and foods definitely should be avoided.

Fungi, especially molds, are known to produce many tumor-inducing substances. For example, aflatoxins, potent cancer-causing substances acting mainly on the liver but also on other tissues, are produced by certain molds (mainly Aspergillus flavus) growing on peanuts and some other foods. It has been suggested that there is a direct link between high rates of liver cancer and consumption of mold-contaminated peanuts in various parts of the world. The grain-contaminating fungus ergot (Claviceps spp.) contains many alkaloids and other physiologically active substances, and has also been found to induce tumors in laboratory animals. As well as occurring on wheat, rye, and other domesticated grains, ergot also grows on the grains of wild grasses, including sweet vernalgrass (Anthoxanthum odoratum), reed canarygrass (Phalaris arundinacea), orchardgrass (Dactylis glomerata), and various bromegrass (Bromus) and fescue (Festuca) species. People preparing grains from wild species should be aware of this hazard.

Pyrrolizidine alkaloids, occurring in ragworts (Senecio spp.), heliotropes (Heliotropium spp.), and rattleboxes (Crotalaria spp.), are potent liver and lung toxins and are also suspected of being carcinogenic under some circumstances.

Safrole, a volatile oil, is present in several different flavorings and spices, especially the root bark of sassafras (Sassafras albidum), a favorite wild tea. With prolonged ingestion of large concentrations, it has caused the growth of liver tumors in laboratory rats; because of this, safrole is no longer used as a flavoring agent in root beers.

Cycad or sago palm (Cycas revoluta) and other cycads or seedferns (Cycas spp.) and their relatives are commonly grown as houseplants and greenhouse ornamentals, as well as outdoors in warmer areas. The bluegreen cyanobacteria that grow in special root structures of cycads produce a highly toxic compound, beta-methylamino-L-alanine (BMAA), a non-proteinogenic amino acid. This neurotoxin becomes concentrated in the seeds. Humans and animals eating these seeds accumulate high amounts of BMAA in their bodies and risk developing a neurological degenerative disease very similar to amyotrophic lateral sclerosis (ALS), or Lou Gehrig’s disease. These plants also contain a series of toxic glycosides, the principal one being cycasin. Their seeds, produced on large, cone-like structures, have been found to be highly carcinogenic when fed to rats and other animals. Cycads have been used as an emergency and staple food by native peoples in the tropics, but their use is not recommended under any circumstances.

Brackenfern (Pteridium aquilinum), whose green fiddleheads and black-skinned rhizomes have been widely eaten by certain ethnic groups, have been found to contain several cancer-causing substances, as well as other toxins. It has been suggested that the high incidence of stomach cancer in Japan, New Zealand, and the United States may be partially linked to eating bracken shoots.

Numerous other substances have been linked with cancers in laboratory studies and surveys, but how closely laboratory conditions simulate ordinary living conditions for people is still the subject of much speculation.
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Jack-o’-lantern (Omphalotus illudens). Kit Scates Barnhart, courtesy Michael Beug
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GLYCOSIDE GLYCOSIDE
SUBCLASS ~ NAME PLANT CONTAINING GLYCOSIDE
cyanogenic  amygdalin, leaves, bark, and seed kernels of apricots, cherries,
prunasin plums (Prunus spp.) and apples (Malus spp.)
sambunigrin elderberries (Sambucus spp.)
viciagroup vetches (Viciaspp.)
goitrogenic  glucosinolates  black mustard (Brassica nigra and related spp),
horseradish (Armoracia rusticana)
cardiac digitalisgroup  purple foxglove (Digitalis purpurea)
cymarin Indianhemp (Apocynum cannabinum)
helleborin black hellebore (Hellcborus niger)
convallatoxin Europeanlily of the valley (Convallaria majals) star
of Bethlchem (Orithogalum umbellatum)
evomonoside burningbush (Euonymusalatus and related spp.)
oleandrin oleander (Nerium oleander)
saponin githagoside corncockle (Agrostemmagithago)
acscin horse chestnuts and buckeyes (Aesculus spp.)
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How to Identify More than 300 Toxic Plants and Mushrooms
Found in Homes, Gardens, and Open Spaces

Nancy J. Turner and Patrick von Aderkas
With a foreword by Brian Saunders, M.D.

Ilex aquifolium, pp.209-211 Nerium oleander, pp.280-282
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ALKALOID PLANT OR FUNGI
SUBCLASS  ALKALOIDNAME  CONTAINING ALKALOID
pyrrolizidine  senccionineandothers  ragworts (Sancciospp.). helotropes
(liotropium spp.)
piperidine  coniine poison hemlock (Conam maclatum)
lobeline Indian-tobacco (Lobelianflata)
tropane atropine belladonna (Atropa ela-dormna)
hyoscyamine black henbane (Hyoscyanus niger)
scopolamine jimsomweed (Daturatramonium)
quinolizidine  lupinine upines (Lupinusspp.)
cyisine ‘golden chaintre (Laburnum anagymides),
Scotch broom (Cytisussoparius)
pyridine- nicotine tobaccos (Nicoiana spp.)
piperidine  anabasine tree tobacco (Nicorana glaica)
indole psilocybin ‘magic mushrooms (Psilogrbe spp.)
ergotalkaloids ergors (Clavicepsspp.), morning-glory,or
‘grannyvine (pomacatriclor, I vilacea)
gelsemine evening trumpetflower (Gelsmium
sempervirns)
isoquinaline  berberine barberries (Berberis spp.)
emetine ipecac (Pychotria ipcacuariha)
protopine series pium poppy (Papaersomniferum)and other
poppy species, celandine (Cheldorium
majus). bloodroo (Sanguinariacanadensis)
steroidal solanine nightshades, potatoes (Solanun spp.)
buxine complex common box (Buvus sempervirn)
germidineand others  false hellcbores (Veratrum spp.)
zygadenine deathcamases (Zigadenus spp.)
diterpenoid  aconitine ‘monkshoods (Aconitum spp)
delphinine larkspurs (Delphinium spp.)
purine caffeine coffee (Coffaarabica. tea (Camellia sinnsis).

chocolate (Theobroma cacao) hollis (lex
pp)
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