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· Toxicology is the study of the adverse effects of chemicals on living organisms.
· Toxicology also includes the study of harmful effects caused by physical phenomena, such as radiation and noise.

· The purposes of toxicology are protection of organisms and biological systems from deleterious effects of toxicants and development of selective toxicants. 
· The term toxin generally refers to toxic substances that are produced by biological systems such as plants, animals, fungi or bacteria. 

· The term toxicant is used in speaking of toxic substances that are produced by anthropogenic human-made activities.
· Poisons are toxicants that cause immediate death or illness when experienced in very small amounts.
· Toxic agents are classified in terms of their target organs (liver, kidney), use (pesticide, solvent), source (animal and plant toxins) and effects (cancer, mutation).

· Toxic agents may also be classified in terms of their physical state (gas, dust, liquid), their chemical stability (explosive, flammable), general chemical structure (aromatic amine, halogenated hydrocarbon) or poisoning potential (extremely toxic, very toxic, slightly toxic). 

· Classification of toxic agents on the basis of their biochemical mechanisms of action (e.g. alkylating agent, methaemoglobin producer) is usually more informative than classification by general terms such as irritants and corrosives.

· Toxicology evolved rapidly during the 20th century especially after the widespread use of anesthetics and disinfectants. 

· The discovery of radioactivity and the vitamins, led to the use of the first large-scale bioassays (multiple animal studies) to determine whether those new chemicals were beneficial or harmful to laboratory animals.

· The 1960s started with the tragic of thalidomide incident, in which several thousand children were born with serious birth defects. Attempts to understand the effects of chemicals on the embryo and fetus and on the environment as a whole gained momentum. New legislation was passed, and new journals were founded.

· Cellular and molecular toxicology developed as a sub-discipline. Risk assessment became a major product of toxicological investigations.

· A toxicologist is trained to examine the nature of those effects (including their cellular, biochemical and molecular mechanisms of action) and assess the probability of their occurrence. 
· The variety of potential adverse effects and the diversity of chemicals in the environment make toxicology a very broad science. Therefore, toxicologists often specialize in one area of toxicology. 
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The professional activities of toxicologists fall into three main categories: descriptive, mechanistic and regulatory. 
1. A descriptive toxicologist is concerned directly with toxicity testing, which provides information for safety evaluation and regulatory requirements. The concern may be limited to effects on humans, as in the case of drugs and food additives, or to potential effects on fish, birds and plants, as well as other factors that might disturb the balance of the ecosystem. 

2. A mechanistic toxicologist is concerned with identifying and understanding the mechanisms by which chemicals exert toxic effects on living organisms. In risk assessment, mechanistic data may be very useful in demonstrating that an adverse outcome observed in laboratory animals is or is not directly relevant to humans. Mechanistic data are also useful in the design and production of safer alternative chemicals and in rational therapy for chemical poisoning and treatment of disease. An understanding of the mechanisms of toxic action contributes to the knowledge of basic physiology, pharmacology, cell biology and biochemistry.   

3. A regulatory toxicologist has the responsibility for deciding, on the basis of data provided by descriptive and mechanistic toxicologists, whether a drug or another chemical poses a sufficiently low risk to be marketed for a stated purpose. Regulatory toxicologists also assist in the establishment of standards for the amount of chemicals permitted in ambient air, industrial atmospheres and drinking water, often integrating scientific information from basic descriptive and mechanistic toxicology studies with the principles and approaches used for risk assessment. 

In addition to the above categories, there are other specialized areas of toxicology such as;
· Occupational (Industrial) toxicology is concerned with the protection of workers from toxic substances and makes their work environment safe.

· Environmental toxicology focuses on the impact of chemical pollutants in the environment on biological organisms, most commonly on nonhuman organisms such as fish, birds and terrestrial animals. 
· Ecotoxicology is a specialized area within environmental toxicology that focuses more specifically on the impact of toxic substances on population at the community and/or ecosystem level.
· Forensic toxicology is concerned primarily with the medico-legal aspects of the harmful effects of chemicals on humans and animals, in establishing causes of death and in determining their circumstances in a postmortem investigation.

· Analytical toxicology is a specialized area to identify the toxicant through analysis of body fluids, stomach content, excrement, skin, or suspected containers.
· Clinical toxicology is concerned with disease caused by or uniquely associated with toxic substances. Efforts are directed at treating patients poisoned with drugs or other chemicals and at the development of new techniques to treat those intoxications. Clinical toxicology deals with emergency cases such as overdoses, poisonings, attempted suicides by: emergency care for patients, management of  sign and symptom, identification and quantification of the drug, poisons, chemicals…etc



Due to enormous number of toxicants, it is difficult to classify them chemically, either by function or by mode of action, since many of them would fall into several classes. Some are natural products; many are synthetic organic chemicals of use to society, while others are by-products of industrial processes and waste disposal. It is useful, however, to categorize them according to the expected routes of exposure or according to their uses.

· Exposure classes include toxicants in food, air, water, and soil as well as toxicants characteristic of domestic and occupational settings. 

· Use classes include drugs of abuse, therapeutic drugs, agricultural chemicals, food additives and contaminants, metals, solvents, combustion products, cosmetics, and toxins. Some of these, such as combustion products, are the products of use processes rather than being use classes.

· Toxic effects may be systemic or local at the site of exposure.

· The target organs that are affected may vary depending on dosage and route of exposure.

Sings and symptoms are the effects produced by the action of a particular poison on the physiological function of the body.  
· Certain general symptoms suggested the possibility of a number of poisons;

1. Sudden death; some poisons act quickly and produce sudden death e.g. aconitine, cyanide and barium compounds.

2. Eyes; poisons such as ergot and lead salts impair general vision. The contracted pupil may be from morphine, opium, nicotine and pilocarpine while the dilated pupil may be from atropine, acotine and cocaine.

3. Breath; characteristic odour of the breath may indicate the poison e.g. acetic acid, ammonia, phenol, ether and iodine.

4. Mouth; dry mouth may indicate atropine and opium. Wet mouth may be due to pilocarpine and ammonia.

5. Skin; some poisons such as atropine and aconite produce dry skin. Skin rash is produced by poisons such as arsenic and antimony. Some poisons produce increase in sweating e.g. pilocarpine and eserine. Strong acids and alkalies cause tissue damage upon contact with the skin. Cyanosis is produced by poisons such as aniline, acetanilide and phenacetin.

6. Gastrointistinaltract; nausea, vomiting and diarrhea may be due to metals, ergot and food poisons.

7. Cardiovascular system; myocardial depression is produced by compounds such as quinine and quinidine. Digitalis and strophanthus toxicity may lead to arrhythmia and ventricular fibrillation. Arise in blood pressure is produced by sympathomimetic agents such as ephedrine. Hypotension is caused by reserpine and nitrites.

8. Liver; some poisons produce liver damage and hepatitis e.g.  carbone tetrachloride and chloroform.

9. Kidney; kidney damage and nephritis are produced by poisons such as phenol and sulphonamides.

10. Nerves; some poisons produce peripheral neuritis e.g. antimony and arsenic.

11. Skeletal muscle; muscle paralysis is produced by lead, curare and flaxedil.

12. Blood changes; anaemia is produced by benzene and aniline. Haemolysis may be due to saponins. Leukopenia is caused by benzene.

13. Central nervous system; excitation and convulsions are produced by CNS stimulants such as strychnine, ephedrine and picrotoxin. CNS depression may be caused by substances such as barbiturates, ether and chloralhydrate. Delirium may indicate alcohol, atropine and related drugs.

· When the cell is exposed to an injurious agent or stress, a sequence of events follows that is loosely termed cell injury. 
· Cell injury is reversible up to a certain point. If the stimulus persists or is severe enough from the beginning, the cell reaches a point of no return and suffers irreversible cell injury and ultimately cell death. Cell death, is the ultimate result of cell injury.

· There are two principal patterns of cell death:

· Necrosis (occurs after ischemia and chemical injury it is always pathologic). 

· Apoptosis (occurs when a cell dies through activation of an internally controlled suicide program. It is designed to eliminate unwanted cells during embryogenesis and in various physiologic processes and certain pathologic conditions.

· Cell injury can result from adverse cellular, biochemical, or macromolecular changes. For examples:

1. Alteration of cell membrane permeability: Toxic agents could change cell membrane permeability through interaction with its component as; 
A. SH-containing proteins. Heavy metals as As or Hg react with these proteins → change in protein structure   → change membrane permeability.
B. Lipids. Free radicals attack fatty acids in the lipid layer of biological membrane causing lipid peroxidation, these peroxides are toxic to the cell and alter membrane permeability. E.g.: CCl4 metabolites (i.e. CCl3; CCl3OO.) radical causes lipid peroxidation and finally lead to liver necrosis. This is why antioxidants should be used frequently by humans where it act as a protective measure against many diseases (e.g. Vit. E & Vit. C).
C. Na-K ATPase pump. Many toxicants can inhibit these pumps which are essential for transport of major amino acids and calcium across the cell membrane (E.g.: Hg, Cu, Pb, As and alcohol).
2. Chang in enzyme activity:
A. Inhibition as Carbamate esters (insecticides) reversibly inhibits cholineserase leading to increase in Ach level → (SLUD are the most characteristic symptoms of toxicity). Cyanide inhibits cytochrome oxidase enzyme            → no aerobic respiration → cell death.
B. Activation as Barbiturates induce hepatic microsomal enzymes → increase the conversion of some non-carcinogenic agents (asin cigarette smoke) into carcinogenic ones.

3. Interference with co-enzymes: E.g.: CN- binds to essential metals as Fe3+ needed for the activity of cyochrome oxidase.
4. Modification of carriers: E.g.: CO binds with hemoglobin instead of O2 → carboxyhemoglobin → hypoxia → death.
5. Formation of reactive metabolites: E.g.: The non-carcinogenic Benzo(α)pyrene (in cigarette smoke) is metabolized by HME to form a number of metabolites that may elicit toxicity (carcinogenicity).
6. Reactions causing depletion of glutathione: Glutathione (GSH) is an antioxidant which protects the cell from the harmful effect of oxidants. Reduction of GSH level into 20-30% causes impairment of cell defence mechanism. As in paracetamol toxicity.
7. Action on nucleic acids: The metabolites of the air pollutions SO2, NO2, NO, CO and O3 causing damage to DNA & mutation.
8. Disruption of protein synthesis: Some toxicants either increase or decrease protein synthesis leading to cellular injury. E.g.: Ricin is a poison found naturally in castor beans. It works by getting inside the cells of a person's body and preventing the cells from making the proteins they need. Without the proteins, cells die. Eventually this is harmful to the whole body, and may cause death.
9. Lysosomal changes:

A. Toxicants which causes labialization of lysosomal enzymes (suicide bags of the cell): E.g.: Hg, Cu, silica, nicotine, bee venom, hyper-vitaminosis A, monosodium ureate crystals deposited in gout  increase lysosomal membrane permeability → release of hydrolases → cell death.
B. Toxicants which cause stabilization of lysosomal enzymes: E.g.: Corticosteroids causes’ indirect toxicity by decreasing the response of the body defence mechanism.



There are numerous factors which may modify the patient's responses to the toxic agent. For examples; composition of the toxic agent, dose and concentration, routes of administration, metabolism of the toxic agent, state of health, age and maturity, nutritional state and dietary factors, genetics, sex, environmental factors (temperature, occupation, living conditions) and chemical interactions.
1. Composition of the Toxic Agent

· When referring to a toxic episode:  the responsible poison is a pure substance. 

· There are no contaminants present, the vehicle and various adjuvants and formulation ingredients are innocuous. 

· The victim has not taken any drugs previously, and there is no batch-to-batch variation in the product.
· The toxic episode may be the result of one or more toxic agents, including the vehicle. 
· The physicochemical composition of the toxicant can sometimes be helpful in predicting the risk involved in exposure to a particular compound. 

· In general, solids are less easily swallowed than liquids, and bulky solids are more difficult to consume than light, more fluffy compounds, especially for a small child.

· The particle size of the toxic agent is especially important in exposure by inhalation. Only particles having a small diameter (1 (m or less) will effectively reach the alveoli and be available for pulmonary absorption. Larger particles may be deposited on the walls of the throat and trachea to produce irritation to those tissues.

· The pH of the compound: If the chemical is a strong acid or base, obvious deleterious effects will occur with even a limited exposure to the compound, whereas ingestion of mildly acidic or alkaline substances may cause little more than localized gastric irritation.
2. Dose and Concentration

One of the major factors influencing the toxic effect of a chemical is the dose or concentration. 

· Anything can be toxic if enough is taken (and, conversely, even the most toxic of substances may not be harmful when low concentrations are taken).

· Doses are normally calculated according to a person's weight, and larger doses usually imply a greater chance for a toxic response to occur.

Example: When a child accidentally ingests adult strength aspirin tablets   (325 mg), as opposed to flavored baby aspirin tablets (81 mg), and there is a greater risk for toxicity. 

· If the substance is an irritant, a diluted form may cause fewer toxic signs and symptoms.
3. Routes of Administration
· The manner by which a potentially toxic substance is introduced into the body can influence the time of onset, intensity, and duration of the toxic effects. 

· The route of administration may also predict the degree of toxicity and possibly the target systems which will most readily be affected.

· A chemical injected by the intravenous route would be expected to be most toxic.

· Administered by other routes, the approximate descending order of toxicity would be inhalation ( intravenous ( intraperitoneal ( subcutaneous ( intramuscular ( intradermal ( oral ( topical.
4. Metabolism of the Toxic Agent

· The metabolism of a toxic compound is generally recognized as the primary mechanism for its detoxification. 
· Usually a toxic agent is metabolized to a more polar (less toxic) compound, which is then readily excreted by the kidney.
· Some chemicals are metabolized to compounds that are equally as active or sometimes even more active. 
· For Example: Methanol must first be oxidized to its intermediate metabolites, formaldehyde and formic acid, to produce its most serious toxic symptoms, although methanol, per se, is a CNS depressant. 
· Examples of chemicals known to be metabolized to more toxic compounds are; Acetanilid, Acetaminophen, Aniline, Carbon tetrachloride, Chloral hydrate, Codeine, Ethylene glycol, Isopropanol, Methanol, 2-Naphthylamine, Parathion, Pyridine and Sulfanilamid.
5.  State of Health

· The presence of hepatic or renal disease may significantly affect the pharmacokinetics of the toxic agent so that it becomes more toxic. 
· For persons with severe renal disease, certain drugs should be avoided in therapy. Chemicals, in general, may be more toxic in such individuals.
· Numerous other examples are also significant:

A. Hypertensive patients may respond more intensely to chemicals that have sympathomimetic activity.

B. Opiates and other chemicals that cause respiratory depression are more hazardous in persons with head injuries. 
6. Age and Maturity

· The patient's age must always be considered before the extent of toxic reactions can be fully assessed. 
· Most accidental poisonings occur in persons of less than 5 years. 
· Age as a factor relating to a difference in toxicity between infants and adults may be exemplified by considering the classic chloramphenicol-induced gray-baby syndrome (hypoxia, cyanosis, collapse and death).
· In the early 1960s, it was still popular practice to administer the antibiotic, chloramphenicol, to premature infants as a prophylactic measure. 
· Chloramphenicol is normally excreted in adults largely as the glucuronide metabolite. 
· It was learned that infants were unable to metabolize chloramphenicol to its detoxified metabolite because their hepatic enzymes were not fully developed. Blood levels of the antibiotic increased to toxic levels, and only a few doses were sufficient to cause a potentially lethal effect.
· In geriatric patients the toxic effects of an injected drug may be reduced because of a generalized physiological reduction of blood supply into tissues. 
· Similarly, the toxic response from an orally ingested drug or chemical may also be reduced, because once absorbed less of the substance will be delivered to a particular tissue site.  
· Elderly people may have a greater incidence of debilitating diseases (e.g., hepatic, renal, and cardiovascular) which may further reduce their ability to detoxify, excrete, or distribute the drug or chemical.
7. Nutritional State and Dietary Factors
· Certain nutritional factors such as the food or liquid contents of the stomach (e.g., acidic or alkaline, hot or cold, high-fat or lean, high or low volume, and viscosity) are extremely important to the absorption characteristics of many chemicals.
· In general, higher blood levels are achieved when drugs are taken on an empty stomach, than if similar doses of these same drugs are taken when food is in the stomach.
· Certain foods may significantly increase or decrease drug absorption. 
A.  Calcium in milk, which may bind to tetracycline, and thus reduce its absorption. 

B.  Fatty foods, on the other hand, enhance griseofulvin absorption.
· Certain foods may antagonize drug effects. For example, foods rich in pyridoxine may significantly lower the pharmacological action of levodopa.
· Heavy metal absorption is influenced by diet. 

A. Calcium, iron, fats, and protein are all reported to enhance lead absorption.

B. Deficiency of calcium, iron, or protein, on the other hand, enhances cadmium absorption.

·  Some foods can actually increase the toxicity of certain drugs by means other than influencing their absorption. Example of those foods that are rich in the precursor amine, tyramine are Aged cheese, Beer, Yeast extracts, Canned figs, Chianti wines, Chicken liver, Chocolate, Sherry, Soy sauce, Sour cream, Raisins and Pickled.
· If one of these foods is ingested while an individual is taking a mono-amine oxidase inhibiting drug (e.g., pargyline, phenelzine), severe symptoms of hypertensive crisis and even death may occur.
· Individuals on a starvation diet, or those who have a low protein intake, may have lower-than-normal plasma levels of albumin. Consequently, this may leave a proportionately greater amount of an ingested drug in its free form that normally binds to albumin.
· Also, a low dietary protein intake may result in a decreased level of hepatic microsomal enzymes and, thus, the metabolic processes may proceed less readily.
8. Genetics

· Pharmacogenetics is used interchangeably with the term idiosyncrasy.

· Pharmacogenetics describes the differences in an individual's response to drugs and chemicals that are related to hereditary influences.

· To illustrate the importance of pharmacogenetics as it relates to drug toxicity, consider the drug succinylcholine. Most people quickly inactivate the drug by hydrolysis to its first inactive metabolite, succinylmonocholine. This occurs via the plasma enzyme, pseudocholinesterase. Thus, the initial step proceeds quickly, and within minutes the drug's activity is lost. So, once intravenous infusion is halted, skeletal muscle tone begins to increase and the patient's normal respiration is restored. The problem arises because some people exhibit an unusual susceptibility to succinylcholine. They possess an atypical pseudocholinesterase and, consequently, cannot undergo the initial detoxifying step. Thus the individual receiving succinylcholine experiences prolonged apnea and skeletal muscle relaxation that may last for several hours after discontinuation of infusion.
· Examples of important genetically-controlled conditions in which individuals display altered responses to selected drugs and chemicals are; 
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9. Sex 

· For example, some studies report that a sex-related difference exists for absorption of erythromycin, resulting in less of the drug being absorbed by women, following oral administration. 
· Men traditionally weigh more than women. Therefore, doses of a chemical in a male would be expected to produce lower blood and tissue levels than the same dose taken by a female, simply because of the male's larger blood volume and greater tissue mass which dilute the chemical.
· For substances that are injected intramuscularly, lower blood levels can be expected with those drugs in individuals (usually men) with a greater muscle mass.
· Also, drugs with a high lipid coefficient that normally partition into fat may produce different toxicological responses in different sexes, based on the individual's ratio of body fat/total weight. 

10. Environmental Factors
A. Temperature
· The response of a biological system to a toxic agent decreases as the environmental temperature is lowered, but the duration of the overall response may be prolonged.
· The reasons for these apparent discrepancies are: 
· Decreased rate of absorption occurring in the colder environment;
· Once the drug or chemical is absorbed, its effects may be prolonged owing to a lowered rate of metabolic degradation and excretion.

· Some drugs are more toxic in certain environmental temperatures than in others. E.g.: 
A. Atropine-like compounds may produce significantly greater toxicity in a warm environment than in a colder one. Because anticholinergic agents inhibit sweating, the body temperature becomes elevated because the absence of perspiration prevents cooling of the body; so the toxic effects are from hyperthermia.

B. Alternatively, drugs such as chlorpromazine that suppress the body's thermal regulatory center may be more toxic at certain temperatures. 

In either instance, the factor to be clearly concerned with is temperature; perhaps hyperthermia in the first instance, and hypothermia or exposure at the lower temperature.
B. Occupation
· Individuals working in industries where organic compounds such as chlorinated hydrocarbon pesticides or volatile substances are used may have an enhanced ability to metabolize drugs and chemicals. 
· The reason for this is related to the chemical's presence in the environment, which may have enhanced the worker's liver microsomal enzyme activity. 
· His expected reaction to a toxic dose of any subsequent chemical, normally detoxified by the liver microsomal system, would be less than normal. 
C. Living Conditions

· The living conditions of an individual could be an extremely important factor to consider.
· At present, we should consider that factors such as crowding in living conditions, noise, and social pressures are important areas for research.
11. Chemical interactions
This means the increase or decrease of toxicity by simultaneous or consecutive exposure to another one.

A. Increasing toxicity

A. Both carbon tetrachloride and ethanol are hepatotoxic compounds, CCl4 and ethanol act synergistically on the liver. 

B. Smoking and asbestos( lung cancer.

C. Nitrites and secondary amines in meat ( nitrosamine “potent carcinogen”.

D. Phenobarbitone pre-treatment induces toxicity of paracetamol. 

E. Proniazid “MAOI” induces CVS toxicity by tyramine.

B. Reduction of toxicity “Antagonism”. There are four major types of antagonism: functional, chemical, dispositional and receptor antagonisms. 
A. Functional antagonism. When two chemicals counter balance each other by producing opposite effects on the same physiological function.  Example: The blood pressure can markedly fall during severe barbiturate toxicity, which can be effectively antagonized by the I.V. admin. of a vasopressor agent such as NE.
B. Chemical antagonism or inactivation. A chemical reaction between two compounds that produces a less toxic product.  Example: dimercaprol (British antilewisite, or BAL) chelates with metal ions such as arsenic, mercury and lead and decrease their toxicity. 
C. Dispositional antagonism. This occurs when the dispersion (absorption, biotransformation, distribution or excretion) of a chemical is altered so that the concentration or duration of the chemical at the target organ is diminished. Examples:  the prevention of absorption of a toxicant by charcoal, the increased excretion of a chemical by administration of an osmotic diuretic. Alteration of the pH of the urine.
D. Receptor antagonism (Blockers). Examples include: the receptor antagonist naloxone is used to treat the respiratory depressive effects of morphine by competitive binding to the same receptor. Treatment of organophosphate insecticide poisoning with atropine is an example not of the antidote competing with the poison for the receptor (cholinesterase) but involves blocking the receptor (cholinergic receptor) for the excess acetylcholine that accumulates by poisoning of the cholinesterase by the organophosphate.  


Sources of information on safety

1. Experimental studies
We can use different doses, especially high doses which can not be used in human.  Experimental toxicology is a branch of toxicology, which deals with toxicity studies in experimental animals to evaluate the safety of a new chemical (drugs, food additives, pesticides and industrial chemicals). 
2. Controlled clinical studies

Studies with drug on small number (50 - 60) of healthy volunteers in a controlled dose for specified time

3. Epidemiological studies; as with Thalidomide; its teratogenic activity was discovered in the 1960s) and Sulphonamide elixir (1930); its vehicle was ethylene glycol (metabolite to oxalic acid) that resulted in hypocalcaemia and lead to titanic convulsion.
Experimental Toxicity studies

Goals of toxicity studies

· Predict the toxicity of chemical in human
· Give information about mechanism of toxicity
· Give information about dosage used in humans
· Toxicity studies indicate the therapeutic index which gives information about safety.
Advantages of toxicity tests using experimental animals
· We can give animals any chemicals & control any test condition
· We can perform different experimental protocols using different routes of administration
· We can determine the following doses:

1. No-effect dose: it is the maximum dose that produces no observable toxic effect on the animal 

2. Minimal toxic dose: it is the dose that produces the least toxicity

3. Median lethal dose (LD50 & LC50): This is the dose that kills 50% of the animals.

Disadvantages of toxicity tests using experimental animals

· We can not extrapolate results obtained from experimental studies to humans: e.g.: insulin in experimental animals is toxic and causes teratogenic effects in pregnant animals, but in pregnant women it shows no teratogenic effects.

· Toxicity related to genetic factors can not be detected in animals: e.g.: Sulphonamides and aspirin in glucose-6-PO4 dehydrogenase deficient patients.

· Side effects of low occurrence appear only in humans but not in animal (because it needs large scale & more time).
Characteristics of ideal animal species

· Non expensive

· Available

· Easily breaded 

· Of short gestation period

· Of short life span for multigenerational life studies

· Physiology should be similar to human physiology

Common animal species 

· Rodents: Rat & mice

· Non-rodents: rabbit & guinea pig

Strains of rats

A. Specific pathogen free animals (SPF) They are animals which are free from pathogenic organisms, so if used, toxicity is due to chemical not due to infection.
B. Germ free animals. They are free from pathogenic and non-pathogenic organism.

High cost

Long life span
C. Dirty animals. They contain pathogenic and non- pathogenic microorganisms
Low cost
Short life span
D. Rats for specific purposes
Insulin dependent rats
Hypertensive rats
Experimental toxicity tests generally involve two main studies:
	TOXICITY TESTS

	General toxicity studies
	Specific toxicity studies

	Acute toxicity tests
	Prolonged toxicity tests
	

	a. Toxicometric studies
	a. Subacute toxicity tests (2-4 Weeks)
	a. Reproductive toxicity

	b. Skin & eye studies (Draize test)
	b. Subchronic toxicity tests (3-6 months)
	b. Teratogenic studies

	c. Pyramidal test

	c. Chronic toxicity studies (6-9 months)
	c. Carcinogenic studies

	
	d. Life span toxicity studies
	d. Mutagenic studies


General toxicity studies
Acute toxicity tests


Acute toxicity occurs almost immediately (hours/days) after an exposure.  An acute exposure is usually due to a single dose or a series of doses received within a 24-hour period. Death is a major concern in cases of acute exposures. 
A. Toxicometric studies

· We can determine LD50 or LC50
· LD50:  Median lethal dose i.e.: It is the dose of a compound that causes 50% mortality in a population
· LC50:  Median lethal concentration (inhaled drugs). 
The figure below illustrates how an LD50 of 20 mg is derived.

	





Other dose estimates also may be used. 

· LD0 represents the dose at which no individuals are expected to die.  This is just below the threshold for lethality.  
· A threshold for toxic effects occurs at the point where the body's ability to detoxify a xenobiotic or repair toxic injury has been exceeded. For most organs there is a reserve capacity so that loss of some organ function does not cause decreased performance. For example, the development of cirrhosis in the liver may not result in a clinical effect until over 50% of the liver has been replaced by fibrous tissue.
· LD10 refers to the dose at which 10% of the individuals will die. 
· Effective Doses (EDs) are used to indicate the effectiveness of a substance.  Normally, an effective dose refers to a beneficial effect (relief of pain). It might also stand for a harmful effect (paralysis).  Thus the specific endpoint must be indicated.

The knowledge of the effective and toxic dose levels aids the toxicologist and clinician in determining the relative safety of pharmaceuticals.
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Therapeutic Index
· The Therapeutic Index (TI) is used to compare the therapeutically effective dose to the toxic dose. 
· The TI is a statement of relative safety of a drug.  
· It is the ratio of the dose producing toxicity to the dose needed to produce the desired therapeutic response. 
· The common method used to derive the TI is to use the 50% dose-response points. 
· For example, if the LD50 is 200 and the ED50 is 20 mg, the TI would be 10 (200/20).  
· A clinician would consider a drug safer if it had a TI of 10 than if it had a TI of 3.

Factors affecting LD50
· Species, age, sex, body weight, general health condition, strain, diet, nutritional status & number of animals used in the test
· Route of administration (oral route differ from parental route)
· Environmental conditions (lab conditions) i.e. intra & inter laboratory conditions
· Experimental procedure, stress, dosage formulation

We cannot say that LD50 of drug X is 50 mg/Kg absolutely but we must specify the route of administration e.g. oral LD50 of drug X is 50 mg/Kg.

Importance of LD50:

In spite of the many variables affecting the LD50 determination, many governmental agencies still regard the LD50 as the sole measurement of the acute toxicity of all materials.
Many agencies classify chemicals according to LD50 of drugs given orally to rats into the following groups.

· Super toxic chemicals: LD50 < 5 mg/kg
· Extremely toxic chemicals: LD50 = 5 – 50 mg/kg
· Very toxic chemicals: LD50 = 50 – 500 mg/kg
· Moderately toxic chemicals: LD50 = 0.5 – 5 g/kg
· Slightly toxic chemical: LD50 = 5 – 15 g/kg
· Practically non- toxic compound: LD50 > 15g/kg 

The use of the ED50 and LD50 doses to derive the TI may be misleading as to safety, depending on the slope of the dose-response curves for therapeutic and lethal effects.
· Knowledge of the slope is important in comparing the toxicity of various substances.  For some toxicants a small increase in dose causes a large increase in response (toxicant A, steep slope).  For other toxicants a much larger increase in dose is required to cause the same increase in response (toxicant B, shallow slope).
· As illustrated below, Toxicant A has a higher threshold but a steeper slope than Toxicant B.

· To overcome this deficiency, toxicologists often use another term to denote the safety of a drug - the Margin of Safety (MOS).
· The MOS is usually calculated as the ratio of the dose that is just within the lethal range (LD01) to the dose that is 99% effective (ED99). The MOS = LD01/ED99. 

· A physician must use caution in prescribing a drug in which the MOS is less than 1.
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NOAEL and LOAEL
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Two terms often encountered are No Observed Adverse Effect Level (NOAEL) and Low Observed Adverse Effect Level (LOAEL).  
They are the actual data points from human clinical or experimental animal studies.
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· Sometimes the terms No Observed Effect Level (NOEL) and Lowest Observed Effect Level (LOEL) may also be found in the literature.  
· NOELs and LOELs do not necessarily imply toxic or harmful effects and may be used to describe beneficial effects of chemicals as well.
· The NOAEL, LOAEL, NOEL, and LOEL have great importance in the conduct of risk assessments.
Disadvantages of Toxicometrics

· Needs large number of animals of at least 3 different species

· LD50 is not constant, it is affected by many factors (age, sex, species environmental conditions & route of administration)

· Toxicity of chemicals due to genetic abnormalities cannot be detected.
B. Dermal (skin) toxicity studies

· Such testing may provide information on the adverse effects resulting from a dermal application of a single dose of a test substance.

· The acute dermal test also provides the initial toxicity data for regulatory purposes, labeling, classification & subsequent subchronic & chronic dermal toxicity studies.

· Comparison of acute toxicity by the oral & dermal route may provide evidence of the relative penetration of a test material.

Eye irritation 

· It can be defined as reversible inflammatory changes in the eye and its surrounding mucus membranes following direct exposure to a material on the surface of the anterior portion of the eye.

· Eye corrosion is irreversible ocular tissue damage following exposure to a material. 

Draize test

· It is a simple and generalized test developed to study eye irritation in rabbits. 

· It is used as the animal test to identify human eye irritants.

· The Draize test can adequately identify most of the moderate to severe human eye irritants
C. Pyramidal single dose test
· This test is carried out on dogs. Large number of dogs ≈ 100 are given a single daily X dose of a compound under test (X mg/Kg)

· At the end of the day, the number of dogs which died & those which survived is observed.

· The procedure is continued, till all dogs die, then plotting is done.

·  Example: 1st day   20 died & 80 living

· At the second day, double the X dose for living dogs i.e. 2 X mg/kg. This resulted in 20 died & 60 lived i.e. the dose starts small and then increases. 

Uses of pyramidal single dose test

· It helps in studying the mechanism of drug toxicity.

· Used to determine any pathological changes by examination of the animal after death.

· The effect of the drug on all body organs can be examined..

· Clinical chemical tests can be performed on living animals (hematology, and detection of different biotransformation and excretion product, and determination of t½ of the compound).
Prolonged toxicity studies (Repeated Dose Toxicity Studies)

A. Sub-acute toxicity studies

· They predict any cumulative effect of the drug & play a role in the safety assessment of pharmaceuticals, pesticides, food additives, and other chemicals.

· In this test, at least 3 species of animals are used: rats, mice and rabbits.

· Compound under test is given daily in 3 dose levels (Maximum tolerated dose, Therapeutic dose and Dose in between) for 2 – 4 weeks. 
· Animals are observed for different parameters: physiological, clinical and chemical tests, behaviour, CNS & autonomic profiles.
· The no-effect dose is determined & used it in the following tests.
· If oral route is intended, these doses are mixed with food or water.
· In addition, there is a fourth group of animals: control group it is used to test the vehicle of the drug.
· Animals are observed during the period of test for: mood symptoms, CNS effects, reflexes (corneal, righting) & autonomic responses.
· At the end of the test, animals are subjected to the these tests and then are killed.

Hematological studies: hemoglobin, RBCs, WBCs, platelets

Clinical chemistry studies: serum creatinine, ALT, AST

Histopathological studies: for different organs (spinal cord, heart, kidney, muscle) 
B. Subchronic Toxicity Test

· It is performed for compounds administered for a long period.

· The compound is given for 90 days by the intended route.

· Animals are observed all over the specified time.

· For dead animals autopsy is performed by taking samples from different organs to be examined, chemically, microscopically & macroscopically
C. Chronic Toxicity Test

· It is performed for compounds administered for a long period.

· The compound is given for more than 90 days by the intended route.
D. Life – Span Toxicity Test

· The same previous procedures are applied but treatment with chemicals starts after weaning of offsprings (litters).

· Administration of the chemical is continued till death of animals.

· When animals die spontaneously, the same parameters are determined.

There is a priority to carry out toxicity tests according to the exposure of humans

A. Industrial chemicals: People subjected to industrial chemicals are liable to 
· Accidental toxicity by inhalation or by oral route. So acute toxicity tests by inhalation & oral route should be carried out

· Carcinogenicity, mutagenicity & reproduction toxicity tests 

· In case of biocides we should carry out acute, subacute, subchronic and chronic toxicity tests in addition to carcinogenicity, mutagenicity, and reproduction toxicity test.
B. Food additives

All types of toxicity tests should be performed
C. Cosmetics:

· Dermal toxicity : Local allergy

· Oral toxicity: if taken orally by mistake in children
· Cosmetics carry label not tested on animals this is because they are tested on:

· Isolated eyes (obtained from slaughterhouse)

· Chorio-allantoin membrane: it is obtained from eggs before hatching and it is very rich in blood vessels.
Specific Toxicity Studies

Reproductive Toxicity
· It involves toxicant damage to either the male or female reproductive system.  
· Toxic effects may cause:
1. Decreased libido and impotence

2. Infertility

3. Interrupted pregnancy (abortion, fetal death, or premature delivery)

4. Infant death or childhood morbidity

5. Altered sex ratio and multiple births

6. Chromosome abnormalities and birth defects

7. Childhood cancer
Developmental Toxicity

Developmental Toxicity pertains to adverse toxic effects to the developing embryo or fetus.  This can result from toxicant exposure to either parent before conception or to the mother and her developing embryo-fetus.  

The three basic types of developmental toxicity are: 

	Embryolethality
	Failure to conceive, spontaneous abortion 

	Embryotoxicity
	Growth retardation or delayed growth of specific organ systems

	Teratogenicity
	Irreversible conditions that leave permanent birth defects in live offspring (cleft palate, missing limbs)


Chemicals cause developmental toxicity by two methods.  

· They can act directly on cells of the embryo causing cell death or cell damage, leading to abnormal organ development. 

· A chemical might also induce a mutation in a parent's germ cell, which is transmitted to the fertilized ovum.  Some mutated fertilized ova develop into abnormal embryos.

Carcinogenicity is a complex multistage process of abnormal cell growth and differentiation which can lead to cancer.  

· The initial neoplastic transformation results from the mutation of the cellular genes that control normal cell functions.  

· Mutation may lead to abnormal cell growth.  It may involve loss of suppresser genes that usually restrict abnormal cell growth.  Many other factors are involved (e.g., growth factors, immune suppression, and hormones).

· A tumor (neoplasm) is simply an uncontrolled growth of cells. 

· Benign tumors grow at the site of origin; do not invade adjacent tissues or metastasize; and generally are treatable. 

· Malignant tumors (cancer) invade adjacent tissues or migrate to distant sites (metastasis).  They are more difficult to treat and often cause death.
Mutation
· Mutation results from any change in DNA structure.  
· If the mutation occurs in a germ cell the effect is heritable.  There is no effect on the exposed person; rather the effect is passed on to future generations. 
· If the mutation occurs in a somatic cell, it can cause altered cell growth (e.g. cancer) or cell death (e.g. teratogenesis) in the exposed person.
· For more details please see the teratogenesis section.


The basic approach to the poisoned patient includes taking measures in the first minutes to prevent further deterioration of the patient. These measures include the followings;
1. Stabilization of the patient.

2. Diagnosis of the poison.

3. Prevention and treatment of poisoning
4. Administration of antidotes; either specific antidotes or using the antidote cocktail.
5. Continuing care

1. Stabilization of the patient
This includes necessary measures to prevent further deterioration of the patient which is known as the ABCDEs of resuscitation

A. 
Evaluation of Airway

B.
 Evaluation of Breathing
C.
 Evaluation of Circulation

D.
 Evaluation of Depression or Excitation of the central nervous system

A: Evaluation of (A) Airway

· Causes of airway obstruction include; Mucosal swelling, Secretions, Posterior displacement of the tongue, Foreign bodies and Trauma.
· Signs and Symptoms: Dyspnea, Dysphoria, Air hunger, Cyanosis, Diaphoresis and Tachypnea

· Measures to clear the airway obstruction:

1. Clear the airway of secretions with suction and remove any foreign body.
2. Use of naso-pharyngeal tube or oro-pharyngeal airways in patients to prevent pharyngeal obstruction caused by collapse of the posterior base of the tongue.
3. Intubation in case of comatosed patients without a gag (cough) response to prevent aspiration. The gag reflex is a reflex contraction of the soft palate. It is tested by touching the back of the patient’s pharynx on each side with a spatula. The reflex contraction of the soft palate is mediated via the vagus (Xth) cranial nerve.
4. Crico-thyroidotomy which involves the insertion of the largest available cannulae in crico-thyroid membrane between the thyroid and cricoid cartilage in the anterior medline or a tracheostomy in case of upper airway obstruction, if an endotrachial tube cannot be passed from above the vocal cords. Cricothyroidotomy is a difficult procedure in young children because of the excessive tracheal mobility and therefore it is not recommended in children under 12 years of age.

B: Evaluation of  (B) Breathing by ventilation and oxygenation

· Ventilation. Causes of pulmonary dysfunction: Drug induced respiratory depression, pneumonia, Pulmonary edema, Pneumonitis, Lung abscess, Pulmonary emboli, Bronchospasm from numerous environmental & occupational sources and Tetanus-induced respiratory failure. Ventilation is evaluated by measuring the partial pressure of arterial carbon dioxide (PaCO2). It is the ability of the lungs to remove carbon dioxide which is an accurate estimate of alveolar ventilation. Normal PaCO2 levels are 37-43 mmHg. When alveolar ventilation decreases, arterial PaCO2 levels rise. e.g. toxicity with CNS depressants. 
· Oxygenation. The level of arterial oxygen is estimated by measuring the arterial oxygen tension (PaO2). Reduced arterial oxygen produces hypoxemia (PaO2 < 55 mmHg). Signs of inadequate oxygenation: Cyanosis, Tachypnea, Hypoventilation, Diaphoresis, Suprasternal and or intercostal retractions and altered mental state. Evaluation of inadequate oxygenation by Arterial blood gas measurements, Chest X-ray, Tidal volume measurement (Tidal volume is the amount of air that is inhaled and exhaled in a single breath).  
· A normal PaO2 does not guarantee adequate tissue oxygenation, since cellular respiration depends on both oxygen delivery and tissue utilization. Certain toxins may affect both oxygen delivery and tissue utilization. 
· Agents which reduce tissue oxygen-utilization include cyanide or hydrogen sulphide. Agents which decrease O2-carrying capacity include CO2 and other agents which cause methemoglobinemia.
· Supplemental Oxygen. Oxygen should be given to all poisoned patients with depressed consciousness or hypoxemia. Supplemental O2 does not correct hypoventilation. Hypoventilation requires assisted ventilation and supplemental oxygen delivered by nasal catheters and cannulae.
· Complications of oxygen therapy. Drying of mucosal membranes. Trauma associated with tubes, catheters or masks. Increased formation of free radicals, which interact with cellular enzymes and membranes to produce toxic effects. The only effective treatment for oxygen poisoning is prevention.
C. Evaluation of (C) Circulation

· This should be done to establish that the tissues receive adequate amount of blood. The important sign of inadequate tissue perfusion is shock. Characters of inadequate tissue perfusion are Depressed consciousness, Decreased blood pressure, Peripheral vasoconstriction, Metabolic acidosis and Oliguria.
· Early signs of shock include anxiety and agitation which reflect sympathomimetic excess, Tachycardia, Narrowing of pulse pressure (difference between systolic and diastolic blood pressure), Decreased urinary output, postural hypotension, increased urine specific gravity and decreased urine sodium, Hypotension usually less than 90 mm Hg systolic. Late signs include delirium, stupor and coma. 
· Treatment. Hypotension is treated with fluids, Position change, Vasopressors (if adequate fluid challenge does not raise the systolic blood pressure above 80-90 mmHg and signs of shock persist after several liters of fluid), a vasopressor should be used as Dopamine and Norepinephrine. Constant cardiac and blood pressure monitoring should be done every 5 minutes.
D. Evaluation of (D) or (E) Depression or Excitation of the central nervous system

· Numerous drugs are capable of depressing the CNS. This depression is evaluated by measuring the pupillary size and responsiveness. The maximum miotic response to sympathetic paralysis or parasympathetic excess is 1.5-2 mm, whereas, the maximal mydriatic response to sympathetic excess or parasympathetic paralysis is 8-9 mm. 
· Good prognostic indications of recovery from hypoxic/ischemic coma include initial presence of the pupillary light reflex, motor responses to pain, and /or spontaneous eye movements.
· The coma cocktail (GTN) is a group of antidotes be administered to all individuals who present with depressed mental status. It includes: 

· Glucose which is given to guard against hypoglycaemia. 0.5-1.0 g/Kg is given as 50% dextrose in water in adults, 25% dextrose in water in children, and 10% dextrose in water in neonates.
· Thiamine: 100 mg IM or IV is given as treatment and prevention of                                               Wernicke’s encephalopathy which is characterized by eye movement paralysis, ataxia and mental status changes, occasionally seen in alcoholics and other people with poor nutritional status. 
· Naloxone which is a specific opiate antagonist, is given to comatose patients or those with depressed neurologic signs. 
E. Excitation (E) and Seizures. 
Generalized seizures secondary to toxins are usually brief and self-limited. Treatments of seizures are 
· Diazepam (Valium) or other benzodiazepine as lorazepam (Ativan)
· Phenytoin (Dilantin) if seizures are persistent
· Phenobarbital is a third-line drug. Coadministration of phenobarbital and diazepam causes synergistic respiratory depression and should be avoided
· General anaesthesia is the last choice in case of persistent status epilepticus.
· Intravenous pyridoxine effectively stops seizures duo to isoniazide overdose.
· Seizures unresponsive to diazepam may result from altered body homeostasis and trauma e.g. acidosis, hypocalcemia, electrolyte imbalance, hypoxia, hypoglycaemia, meningitis and subarachnoid hemorrhage. The presence of seizures may also indicates a serious toxic condition that requires methods to enhance drug elimination as hemodialysis use in seizures induced by theophylline, lithium and salicylate.
· The violent patient. Toxins and conditions induced violence include: Phencyclidine, alcohol, heroin, amphetamine, and LSD as well as head trauma, cerebral edema, stroke, meningoencephalitis, CNS bleeds and metabolic abnormalities capable of altering consciousness (e.g. hypoglycaemia or hyponatremia). Measures against violence include;
· Administration of haloperidol with benzodiazepines.
· Stabilization of blood glucose level quickly in any violet patient. 
2. The diagnosis of poisons
Once the patient has been stabilized, the potential poison has to be identified. The diagnosis of poisoning involves the following:

1. History given by the patient himself or relatives
2. Physical examination of the patient
3. Laboratory investigations

I. History

1. Adults

· Conscious patients; about 80% of adults who take poisons are conscious on arrival at hospitals and they can give their statements about the nature of the poison and the quantity of the poison taken.
· Unconscious patients; diagnosis of poisoning in unconscious patient involves the exclusion of other causes of coma. Drug over dosage is certain if individuals are found unconscious with empty tablet bottles or a few tablets scattered nearby.

2. Children. Diagnosis of poisoning in children is based on 

· The presence of traces (open container, and /or the hands, face, clothing and surrounding floor soiled with some household product) or disintegrated tablets could point to the accidental poisoning in children.
· Presence of abnormal behaviour, convulsions, ataxia or GIT disturbances.  
II. Physical examination of the patient

A brief examination should be performed to give clue to the toxicological diagnosis. These include. 

· Vital signs. Blood pressure, pulse, respiration and temperature recordings should be performed. The following symptoms could be clue for poisoning with these drugs: Hypertension
(Amphetamine, cocaine, antimuscarinic), Hypotension (Calcium channel blockers, β-blockers, clonidine, sedative hypnotics), Tachycardia
(ethanol, atropine amphetamine, salicylates), Bradycardia
(Digitalis, narcotics, sedatives), Rapid respiration
(Salicylate, CO), Slow rate (Alcohol, barbiturates, narcotics), Paralysis of respiration
(Botulism, organophosphates), Hyperthermia (Sympathomimetics, anticholinergics, salicylates).
· Eyes. Miosis (Opioids, organophosphorous compounds), Mydriasis (Amphetamine, cocaine, LSD, atropine), Nystagmus (Phenytoin, barbiturates, phencyclidine), Ptosis (Botulism).
· Mouth. Breath odour (Ethanol), Garlic (Arsinic, organophosphate phosphorus), Biter almonds (cyanide), Acetone (isopropanol, nail polish remover, salicylate), Pearlike (chlorahydrate), Dry
(Amphetamine, atropine, narcotics, antihistaminics), Salivation
(Mushrooms, corrosives, mercury, arsenic), Gum discoloration (Lead and other heavy metals), Burns (corrosives).
· Skin. Excessive sweating (Organophosphorous compounds, nicotine, sympathomimetics), Cyanosis (Nitrites, strychnine, carbon monoxide), Red flushed (Alcohol, antihistaminics, atropine cyanide, CO), Jaundice
 (Acetaminophen, arsenic, castor bean, CCL4). 
· Abdomen. Emesis
 (Caffeine, corrosive, heavy metals, phenol, salicylates), Abdominal colic (Arsenic, heavy metals, organophosphates, mushrooms), Diarrhea (Arsenic, boric acid, iron, organophosphates, mushrooms), Constipation (lead, narcotics).
· Nervous system. The presence of seizures, twitching and muscular hyperactivity or muscular rigidity could reflect CNS stimulants. Flaccid coma with absent reflexes may be due to opioid or sedative- hypotensive intoxication. 
III. Laboratory investigations

Of the thousands of agents available for poisoning, non-research laboratories are able to detect only about 100 and quantitate far fewer in body fluids. Because of the limitations of time, expense and number of drugs commonly encountered, toxicology screens do not include all toxic possibilities.
General methods
· Since about 15-20 drugs account for almost 90% of pharmaceutical poisonings, most laboratories limit drug screens to those substances commonly involved in poisonings.
· Initially the samples are separated into bases and acids. Weak acids (e.g. barbiturates) are unionized in acid pH and easily extracted from an acidified sample. Weak bases (e.g. opiates) are extracted under alkaline conditions. 
· Simple rapid screening methods (1.5-hour turnaround time) can detect 94-98% of all substances eventually found by chromatographic methods, by combining spot tests, immunoassay, and thin-layer chromatography (TLC). 
· Urine spot tests (i.e., rudimentary tests generally involving the addition of a reagent to a urine specimen) are available for salicylates, acetaminophen, phenothiazines, glucose, ketone bodies, opiates, barbiturates, benzodiazpines, phencyclidine and tetrahydrocannabinol.
· Gas liquid chromatography (GLC) generally screens for volatiles (alcohols). 
· Enzyme-mediated immunoassay technique (EMIT) screens for drugs of abuse such as benzodiazepines, opiates, cocaine, phencyclidine, barbiturates.
· TLC screens both the urine and serum.
· Positive results are generally confirmed by another method, generally TLC or EMIT. 
Types of samples used in laboratories

1. Urine samples. Urine samples are preferred when blood concentrations of known or suspected compounds are too low for detection by conventional methods. Such drugs usually have either rapid elimination or large volumes of distribution. Examples: phenothiazines, barbiturates, benzodiazepines, sedative hypnotics, tricyclic antidepressants and antihistamines.
2. Blood samples. Blood samples are preferred when detectable levels occur in blood because these concentrations are more representative of the concentration at receptor sites.  Blood samples are quantitative whereas urine levels are qualitative. Not all blood levels correlate with clinical effects. Basic drugs have large volume of distribution and are better detected in urine, whereas acid and neutral drugs are more easily detected in blood screens. 
3. Hair samples. Drugs of abuse could be detected in human hair. These drugs include opiates, cocaine, morphine, phencyclidine, methadone, methamphetamine, caffeine, nicotine, phenobarbital, haloperidol, digoxin, antidepressants, chloroquine. Hair analyses have been performed by radioimmunoassay with confirmation by standard gas chromatography-mass spectrometry (GC-MS). Drugs incorporated into hair could remain indefinitely and can be detected as long as the hair is available. It may be possible to trace the drug intake of an addict over periods longer than 6 months depending on hair length. Drug concentration differs in head hair, axillary hair and pubic hair. Laboratory analysis of hair is tedious and diffusion of drugs within hair may cause difficulties in interpretation of positive and negative results.
4. Meconium samples. Meconium drug analysis is useful for drug testing in the new-born period and may be highly specific and sensitive. Meconium analysis can be performed with common laboratory techniques for screening purposes and confirmed by GC-MS. Collection of meconium is easy and analysis of serial meconium samples can reflect the type and amount of in utero drug exposure by the infant. Drugs in meconium are present up to 3 days after birth.  Meconium represents the entire intestinal contents of the fetus before birth and is composed of desquamated epithelial cells, bile, pancreatic and intestinal secretions and the residues of swallowed amniotic fluid. Serial analysis of meconium may be a useful tool to determine the pattern of drug use by the mother throughout gestation. Meconium is available during the first day of life. Its passage may occur in the first hour of life but usually occurs by the tenth hour. Drugs detected in meconium as cocaine and morphine can correlate with the amount of drugs used by the mother during pregnancy. Coca-ethylene, a metabolite of cocaine and ethanol appears in meconium and may corroborate neurobehavioral abnormalities seen in the cocaine baby syndrome. Nicotine metabolites in meconium may provide a quantitative measure of fetal exposure to nicotine by active and passive maternal smoking. 
5. Saliva samples. Drugs that could be detected in saliva include marijuana, cocaine, phencyclidine, opiate, barbiturates, amphetamine and benzodiazepines. There is a correlation between saliva and plasma concentrations of these drugs, indicating a dynamic equilibrium between saliva and blood. Concentrations of drug are usually lower in saliva than in urine.
6. Sweat samples. Drugs that have been detected in sweat include cocaine, heroin, methamphetamine, phencyclidine and tetrahydrocannabinol.
3. Prevention and treatment of poisoning
Once the patient has been stabilized and potential poisons have been identified, methods for prevention and treatment are applied to prevent further toxicity and to protect those in the immediate environment from additional exposure.
A- Non ingested poison
1-
Inhalation exposures 

They are dangerous, as the lung represents a large surface area for absorption, so the poison is rapidly circulated to the most vital organs e.g. brain, heart, and liver.

Treatment comprises: 

· Immediate, cautious removal of the patient from the hazardous environment.

· Administration of 100% humidified oxygen, assisted ventilation, and bronchodilators.

· Observe for edema of the respiratory tract and later non-cardiogenic pulmonary edema. 
· For the symptomatic patient, arterial blood gas assays, chest examination, and blood tests for the criminal substance (e.g., cyanide) should be performed. 
· Treatment should not await laboratory results.
2. 
Dermal exposures

It is estimated that 1:4 industrial substances represent hazard for skin absorption.

· Attendees should wear protective gear (gloves, gown, shoe covers).

· Remove the patient’s contaminated clothes, contact lenses, and jewelry immediately. 

· Gently rinse and wash the skin with copious amounts of water for at least 30 minutes, including the hair, fingernails and perineum. 

· Do not use forceful flushing in a shower, as it may cause deeper penetration of the toxic substance. Initially, the water should be slightly cool to avoid vasodilation and increased absorption. Use soap to remove oily substances.

· Toxic substances such as organophosphorous compounds, organic metal compounds (e.g. lead), aniline, phenol, hydrocyanic acid may penetrate the intact skin and must be handled with proper protective equipment.

3.
 Ocular exposures

· Ocular decontamination consists of at least 15 minutes of immediate irrigation of eyes with normal saline or water. Alkaline or acid irrigating solutions should be avoided.

· Continue to irrigate the eye for as long as the pH is abnormal. 

· Alkaline corneal burns are requiring ophthalmic consultation.

B- Ingested poison

1. Dilution of the poison. The initial procedure generally recommended whenever ingestion of a poison is to dilute it with water and milk (milk is also a demulcent). 
2. Prevention of further absorption of poison. Many methods have been used to prevent the absorption of toxic substances from the GI tract, with varying success. No one method has been universally successful, and various combinations have been used in attempts to minimize this absorption. Currently, the accepted therapies managements include: Induction of emesis, Gastric lavage, Adsorption, Chemical inactivation and Purgation.
· Induction of Emesis. Emetics are substances that cause regurgitation of gastric contents causing removal of stomach contents, thereby preventing the absorption. Emesis may occur by either locally irritating the stomach (Syrup of ipecac) or centrally by stimulating the medullary chemoreceptor trigger zone (Syrup of ipecac and Apomorphine).
· Gastric lavage. It is a physical mean used to remove a toxic agent from the GIT. It involves introduction of a noso-gastric or an oro-gastric tube into the stomach and removal of stomach content by suction or by a syringe. 
· Adsorption by activated charcoal. Charcoal is an inert substance that is not absorbed from the GI tract and binds most substances, preventing them from being absorbed. Because of its almost universal binding of toxins, charcoal should be given to all overdoses in which there is not a specific contraindication. The notable exceptions to charcoal administration are poisonings with heavy metals (do not bind to charcoal), caustic agents, hydrocarbons, and possibly cyanide. 
· Cathartics. Cathartics are substances that reduce the transit time of drugs in the gut. This reduces the contact time with the absorption sites and in turn reduces the potential for toxicity. Cathartics may be hyper-osmotic saline, bulk-forming stimulant, and lubricant laxatives. Commonly used cathartics are classified saline (magnesium citrate) and saccharide (sorbitol). Saline cathartics are poorly absorbed salts and exert their effects by increasing of osmotic load and thereby stimulating persistalsis.
3. Enhancement of elimination of absorbed poison 
· With supportive treatment alone, spontaneous recovery after toxicological exposure occurs in 98% of intensive care unit admissions. However, in certain instances, various extracorporeal techniques are useful in the treatment of poisoning.
· These techniques include the following; Forced diuresis and pH alteration, Hemodialysis, Hemoperfusion, Hemofiltration, Peritoneal dialysis, Exchange transfusion and Plasmapheresis and plasma exchange. 
1. Forced diuresis and pH alteration
· Forced diuresis is employed to remove chemicals from the blood after they have been absorbed. It is useful when the compound or its metabolite is eliminated in the urine and when diuresis enhances the excretion.

· The procedure is based on increasing the volume of flow of urine through renal tubules so the chemical may be more quickly eliminated.
· The urine output should be of 300-500 mL/h or 8-14 L/day using either mannitol or furosemide.
· Increasing the urinary flow is not a mean to remove any chemicals from the blood. Chemicals which are not normally reabsorbed by the kidney will not be significantly lowered in concentration with forced diuresis.
· The principle of pH alteration is to enhance renal excretion of weak acidic or basic drugs by increasing the degree of the ionization through pH alteration.  

2. Extracorporeal techniques:
The efficacy of dialysis methods and hemo-perfusion in acute poisoning cannot be clinically estimated because of the associated intestinal absorption, hepatic metabolism and urinary secretion. With supportive treatment alone, recovery usually occurs in 98% of the intoxications. 
A. Peritoneal dialysis:

It is the easiest method of dialysis and is associated with the lowest risk of complications. It involves the diffusion of toxins from mesenteric capillaries across the peritoneal membrane, which is utilized as the membrane of dialysis, into dialysate dwelling in the peritoneal cavity.

· It involves the insertion of a tube through a small incision made in the mid-abdomen area into the peritoneum.

· 1 - 2 L of warmed dialyzing solution is introduced into the peritoneal cavity over a period of 15-20 minutes. The fluid is left in place for 45-60 minutes till equilibrium occurs, and removed.

· The dialyzable chemical will diffuse from the blood into the dialyzing fluid (from an area of higher to lower concentration).
The dialysis solution consists of balanced electrolyte solution which may contain

1. Dextrose to make the solution hypertonic and to ↑ recovery of water-soluble chemicals.

2. Albumin which increase the recovery of highly protein-bound drugs.

3. A substance to alter the pH to the acidic or alkaline side to ↑ total drug recovery. e.g. In acute Phenobarbital ingestion, the use of alkaline solution increases the recovery.
4. Peanut oil to attract highly lipid soluble compounds.
5. Furosemide to induce diuresis

Indications:
1. Acute ingestion in children because of their large peritoneal surface area in relation to body size and the ease of penetration of the abdominal wall. 

2. Treatment of patients with acute renal failure especially in patients with bleeding problems or venous access problems 

The main complications are pain, hemorrhage, peritonitis, volume overload or depletion, electrolyte imbalance, skin infection and leakage.
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B. Hemodialysis

In this method a cellophane bag (artificial kidney) forms a semipermeable membrane similar to peritoneal membrane in the peritoneal dialysis. Two catheters are inserted into the patient’s femoral vein, about 2 inches apart. Blood is pumped from one catheter through the dialysis unit, across the semipermeable membrane and returned through the other catheter. The procedure continued for 6-8 hours.
Characteristics of drugs or substances for hemodialysis

1. Molecular weight below 500 daltons.               2. High water solubility.
2. Low protein binding    3. Compounds with small volume of distribution (Vd) e.g salicylates are more easily removed by dialysis, because the plasma concentrations are greater in relation to the total amount of drug in the body. Conversely, if the Vd is greater than 250-300 L, then less chemical per unit of blood is available for elimination by dialysis. 

Indications:

1. Clinical intoxication with vital sign abnormalities such as hypotension, apnea or hypothermia that don’t respond to supportive care.
2. Impairment of normal excretion routes or the presence of disease that ↓ drug clearance.
3. Aspiration pneumonia  and Prolonged coma 
4. Presence of diseases such as COPD.
5. Presence of a significant amount of a toxin that is metabolized to a toxic metabolite.
Adverse reactions

1. Hypotension, electrolyte and osmolar imbalance (muscle cramps, confusion, convulsions or coma) hypoxemia, spontaneous bleeding. 
2. Mechanical complications (air embolism, blood leak).
3. Sudden death during dialysis has resulted from machine malfunction or fistula rupture, complete heart block.
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C. Hemofiltration

· Hemofiltration is performed by a method similar to that in case of hemodialysis, except that the blood is pumped through a hemifilter.

· During continuous arteriovenous hemofiltration an arteriovenous pressure difference induces a convective transport of solutes through a hollow fiber or flat sheet membrane. This permits a substantial flow of the plasma water and a high permeability to compounds with a relative molecular weight less than or equal to 40,000 daltons.
· Advantage of hemofiltration over hemoperfusion and hemodialysis: Is the ability to remove compounds with large (4,500 to 40,000) molecular weights as aminoglycoside antibiotics and metal chelat complexes such as aluminum or iron deferoxamine.

D. Hemoperfusion

It is more effective than peritoneal dialysis and hemodialysis for removing intoxicating compounds, particularly the lipid soluble, protein bounded drugs or poorly dialyzable compounds. 

The blood is withdrawn from the patient via an arteriovenous or venovenous shunt and passed directly over the adsorbing material contained in sterile columns to remove toxic materials.

The adsorbing materials are:

· Charcoal coated adsorbing material which removes both polar (salicylates, methotrexate) and non-polar drugs as well as metabolites.
· Anion exchange resins as well as nonion resins such as Amberlite resin which clears nonpolar, lipid soluble drugs (e.g. ethchlorvynol) better than charcoal- coated cartridges.

Indications:

Severe intoxication with drugs which have small Vd and long half life, so the drug can be drawn from the tissues to the blood and consequently removed. e.g.

· Chloramphenicol toxicity associated with gray baby syndrome 
· Phenytoin overdose. 

E. Plasmapheresis and Plasma exchange:

Plasmapheresis separates cellular blood components from plasma. The cells are resuspended in either colloidal albumin or fresh frozen plasma and reinfused. The toxic agents soluble in plasma or bound to plasma proteins are removed by plasma exchange. The efficacy of the method depends on the number of plasma exchanges. A single plasmapheresis exchange sacrifices a part of a patient’s own plasma proteins.

Indications:

· Blood purification in autoimmune diseases.

· Overdoses of toxic compounds of high protein binding that cannot be eliminated by hemoperfusion or hemodialysis.
· Overdoses with vincristine, paraquate, inorganic mercury, thyroxin, amanita, theophylline, digoxin antibody complexes. 

The main complications are thrombocytopenia, nausea, hyopvolemia, hypertension, hypercoagulability, infection, anaphylaxis, seizures and arrhythmia.
F. Exchange transfusion:

It involves the removal of the patient’s blood and replacement with fresh whole blood. In the double-exchange transfusion technique, an amount of blood equivalent to twice the patient’s total blood volume is exchanged.

Indications:
· Iron, quinine, meperidine, glutethimide, chloralhydrate, diphenhydramine and neonatal chloramphenicol overdoses. 
· Severe methemoglobinemia, in patients who do not respond to or cannot tolerate appropriate doses of the antidote, methylene blue.

The main complications are Mismatches, chills, hypotension, infection, bleeding.
G. Plasma perfusion

It is a combination of plasmapheresis and hemoperfusion used in methylparathion poisoning.  

4. Inactivation of the absorbed poison (Antidotes)

Antidotes are drugs used and may themselves precipitate undesirable reactions. Consequently, both the risk and the benefit of antidotal therapy must be evaluated in every case before an antidote is given.

Examples of antidotes are Chelators, Cyanide antidote, Calcium salts, Antivenins and Antidotes to methyl alcohol and ethylene glycol 

I. Chelator antidotes
1. Deferoxamine mesylate (desferal). It chelates iron to form ferrioxamine. The complex is water soluble excreted by the kidney. Used in Iron and Aluminum toxicity.
2. Dimercaprol (British antilewisite, BAL in Oil). BAL contains ligands that bind heavy metals in place of the body’s sulfhydryl groups. The resulting chelate mercaptide product is less toxic and more easily excreted from the body than the heavy metals. Used in arsenic toxicity but not arsine gas poisoning. Adjunctive therapy in acute lead encephalopathy.

3. Calcium disodium EDTA (Versenate). Divalent and trivalent heavy metals displace calcium in CaNa2EDTA, forming a stable complex that is excreted renally. CaNa2EDAT is preferred to NaEDTA because the latter sequesters calcium leading to hypocalcemia. Used in acute lead, cadmium, zinc poisoning. Ocular exposure to calcium oxide, lime and cement.
4. Penicillamine (Cuprimine). It is non-bactericidal degradation product of all penicillins. The D-isomer of penicillamine is an oral chelating agent. Used in copper, lead, mercury, arsenic bismuth poisoning.
5. Zinc trisodium Diethylene-triamine pentaacetic acid (DTPA). It increases the elimination of radionuclides & metals from the body by a process involving the exchange of organic compounds for inorganic ions to form a stable ring complex which is readily excreted by the kidney. The FDA approved its use for plutonium, It is used for chelation of rare earth metals as cerium.

6. Dimercaptosuccinic acid, Succimer, DMSA (Chemet). It provides two sulfhydryl groups that can chelate metals.  It is an oral medication approved in 1991 by FDA. Used in severe lead poisoning in children.

II. Cyanide antidotes 

1. Dicobalt Edetate. Cobalt salts form a stable nontoxic ion complex with cyanide. It is used in UK the treatment of Cyanide poisoning.
2. Cyanide antidote kit (Amylnitrite, sodium nitrite, and sodium thiosulphate). Cyanide binds to ferric ion, interferes with cytochrome oxidase and reduces cellular respiration, Nitrites exogenously given in cases of cyanide poisoning induce methemoglobin formation which in turn attracts cyanide of cytochrome oxidase. Thiosulfate enhances renal elimination of cyanide by forming thiocyanate when combined with cyanomethemoglobin. Amyl nitrite ampoules are first crushed in gauze and given to patients to inhale for 15 seconds. Use a fresh ampoule every 3 minutes. Sodium nitrite is given intravenously over 2-5 minutes. Subsequently, sodium sulfate is administered intravenously over 10 minutes.

3. Hydroxocobolamin. It binds to cyanide to form cyanocobolamin (Vitamin B12) which is excreted unchanged in urine. It does not interfere with tissue oxygenation. Used in treatment of cyanide poisoning developed from sodium nitroprusside infusions. 
III. Calcium salts: Calcium gluconate and calcium chloride. Calcium binds to the fluoride ion preventing further skin penetration in case of concentrated hydrofluoric acid skin burns. Calcium reverses the neuromuscular paralysis. Used in hydrofluoric acid burns of the skin and ingestion of fluoride salts. Calcium channel blocker overdose. In B-blocker overdose. IV calcium gluconate should be given slowly through.
IV. Antivenins: Different forms of antivenins are available against spiders and snake bites. These products are derived by immunizing healthy horses against the specific species for which the antivenin is produced and collecting venom neutralizing serum globulins. All patients should be skin tested for serum sensitivity before antivenin administration. 
V. Antidotes to methyl alcohol and ethylene glycol

1. Ethanol. Ethanol competitively inhibit alcohol dehydrogenase enzyme thus it reduces the formation of toxic metabolites produced after methanol and ethylene glycol ingestion. It delays the formation of formic acid in methanol poisoning and both glycolic and glyoxylic acid in ethylene glycol poisoning. Used in ingestion of methanol or ethylene glycol and in acidosis. Solutions of 10% ethanol in dextrose should be used for i.v. infusions because absolute alcohol is highly irritating to veins. 

2. 4-methylpyrazole (4-MP). It is an inhibitor of alcohol dehydrogenase enzyme. It is administered by the oral or intravenous route leading to the rapid excretion of free ethylene glycol in the urine. Patients must be treated soon after ingestion (ideally within 3 hours)
VI. Individual antidotes

1. 4-aminopyridine (4-AP). It is an antagonist of non-depolarizing neuromuscular blocking agents. 4-AP enhances transmembrane calcium influx which results in facilitation of calcium influx. It also increases the release of acetylcholine at the neuromuscular junction. Pancuronium overdosage, Possible use in disorders of neuromuscular transmission as myasthenia gravis.
2. Antihistamines (Benztropine and diphenhydramine). They reverse drug induced dystonias through competitive inhibition of muscarinic receptors and blockade of dopamine uptake. Used in the toxicity of neuroleptic drugs as haloperidol, phenothiazines and metoclopramide.
3. Atropine. Atropine antagonizes cholinergic stimuli at muscarinic receptors. Used in the toxicity of anticholinesterase pesticides (organophosphorous compounds). Physostigmine excess. Antimyasthenic agents as pyridostigmine. Nerve gas agents. Synthetic choline esters. Treatment of bradyarrhythmias induced by different medications.
4. Dantrolene. It decreases the release of calcium from the sarcoplasmic reticulum of skeletal muscle cells resulting in rapid treatment of hyperthermia, dysrrhythmia, muscle rigidity, tachycardia, and hypercapnia. Used in the treatment of catabolic syndromes as malignant hyperthermia or neuroleptic malignant syndrome. Treatment of hypermetabolic state associated with rhabdomyolysis secondary to theophylline poisoning. 
5. Flumazenil. It is a competitive inhibitor to benzodiazepine at the GABA-benzodiazepine receptor complex. Used in the treatment of symptoms of benzodiazepines overdose.
6. Folinic acid (leucovorin) and folic acid. Folic acid is the precursor of the active form tetrahydrofolic acid which is produced by the action of the folic acid reductase enzyme. tetrahydrofolic acid is required for nucleoprotein synthesis and normal erythropoiesis. Therefore, folic acid is not the metabolically active form. Folic acid antagonists (e.g. methotrexate) inhibit folic acid reductase and prevent the formation of tetrahydrofolic acid. Therefore, overdoses of folic acid antagonists require leucovorin which is a derivative of tetrahydrofolic acid rather than folic acid. Used in folic acid antagonist overdose e.g. methotrexate, trimethoprime & pyrimethamine. Folic acid accelerates the detoxification of the toxic metabolite, formic acid, in methanol intoxication. 
7. Glucagon. Stimulation of the production of cAMP by increasing cardiac cAMP, glucagon increases the chronotropic and inotropic activity of the heart. Stimulation of the release of glucose from liver stores, and the release of catecholamines. Used in the treatment of hypoglycemia or hypoglycemic agent overdoses. In symptomatic B-adrenergic blocker poisoning. Correcting the hemodynamic instability associated with calcium channel blocker poisoning.
8. Hyperbaric oxygen (HBO). Oxygen displaces carbon monoxide from hemoglobin, myoglobin and cytochrome oxidase enzyme. The half-life of carboxyhemoglobin may be reduced to 23 minutes at 3 atmospheres with 100% oxygen. Used in CO poisoning, Cyanide and hydrogen sulfide poisoning, CCl4 poisoning.
9. Methylene blue. It acts as an electron carrier for the hexose monophospahte pathway which reduces methemoglobin to hemoglobin. In patients with methemoglobinemia, the erythrocytes methemoglobin reductase reduces methylene blue to leukomethylene blue (colorless form) which in turn reduces methemoglobin to hemoglobin. It is used to treat patients who are exposed to methemoglobin forming compounds as aniline dyes, nitrates, local anesthetics as benzocaine, dapson, naphthalene, nitrobenzene and nitrophenol.
10. Pyridoxine hydrochloride (Vitamin B6). Pyridoxine is essential in the synthesis of GABA within the CNS. It controls isoniazide induced seizures which are due to decreased GABA levels because isoniazid inhibits brain pyridoxal-5-phosphate activity.
11. Sodium bicarbonate. It dissociated to produce bicarbonate which neutralizes hydrogen ions and raises pH. Sodium bicarbonate can reverse QRS prolongation in antidepressant overdose. It also reverses cardiac conduction defects caused by quinidine-like effects of caridotoxic drugs and increases protein binding of tricyclic antidepressants.

· Teratology is the study of environmentally induced congenital malformations.

· Congenital malformations are non-reversible functional or morphological defects present at birth. They may not be detectable at birth and only become evident later in life.
· A teratogen is an agent, which by acting on the developing embryo or fetus can cause a structural anomaly. 

· To date, very few drugs are proven teratogens. However, malformations induced by drugs are important because they are potentially preventable.
· Teratogenesis is a prenatal toxicity characterized by structural or functional defects in the developing embryo or fetus. It also includes intrauterine growth retardation, death of the embryo or fetus, and transplacental carcinogenesis (in which chemical exposure of the mother initiates cancer development in the embryo or fetus, resulting in cancer in the progeny after birth). 
· Intrauterine human development has three stages: pre-implantation, post-implantation, and fetal development. The first two stages are the embryonic stages and last through the first eight weeks after conception. The fetal stage begins in the ninth week and continues to birth. Depending on the developmental stage, chemical exposure in the mother can result in different degrees of toxicity in the embryo or fetus. In the pre-implantation period, a toxic chemical can kill some of the cells in the blastocyst, resulting in the death of the embryo. During the post-implantation period, chemical-induced cell death leads to one of two outcomes. If death is restricted to those cells undergoing active cell division at the moment, the corresponding organs are affected, resulting in malformation. If the cell death is generalized without significant replication by the remaining cells to sustain life, the embryo dies. During the third fetal period (fetal development), chemical injury can retard growth or, if severe enough, kill the fetus.
· The genesis of a particular organ (organogenesis) occurs at a specific time during gestation (weeks 3 through 8), and is not repeated. Because organogenesis is a tightly programmed sequence of events, each organ system has a critical period during which it is sensitive to chemical injury. Chemical exposure in a critical period is likely to produce malformations of that organ and not others; however, because there is some overlapping of critical periods of organ development and because chemicals frequently remain in the embryo for a period of time, malformations of more than one organ usually occur. Since organogenesis occurs mostly in the embryonic stages, chemical exposure in the first trimester should be minimized, if possible. Drugs that reach the embryo at this point may produce abortion, no effect at all, an anatomic defect (teratogenesis), or a metabolic or functional defect that may not be detected until later in life.
· Fetal stage (Fetogenesis). During the second and third trimester drugs are not associated with major malformations, but they may influence neurologic development, growth, physiologic and biochemical functioning, mental development, and reproduction.
Teratology education
· It is estimated that 10% of all birth defects are caused by a prenatal exposure or teratogen. These exposures include, but are not limited to, medication or drug exposures, maternal infections and diseases, and environmental and occupational exposures. 
· Teratogen-caused birth defects are potentially preventable. Studies have shown that nearly 50% of pregnant women have been exposed to at least one medication during gestation. An additional study found that of 200 individuals referred for genetic counseling for a teratogenic exposure, 52% were exposed to more than one potential teratogen.
Dose-effect relationship

· Teratogens may demonstrate a dose-effect relationship. At low doses there can be no effect, at intermediate doses the characteristic pattern of malformations will result, and at high dose the embryo will be killed.
· A dose-response may be considered essential in establishing teratogenicity in animals, but is uncommonly demonstrated in sufficient data among humans. A threshold dose is the dosage below which the incidence of adverse effects is not statistically greater than that of controls. With most agents, a dose threshold for teratogenic effects has not been determined; however they are usually well below levels required to cause toxicity in adults.
· Teratogens must reach the developing conceptus in sufficient amounts to cause their effects. Large molecules with molecular weights greater than 1,000 do not easily cross the placenta into the embryonic-foetal bloodstream to exert potential teratogenic effect. Other factors influencing the rate and extent of placental transfer of xenobiotics include polarity, lipid solubility and the existence of a specific protein carrier.
FDA Classifications of Drug Risk
Animal studies cannot be true predictors of teratogenicity due to wide inter- and intraspecies variations in the pharmacokinetic properties of drugs, including placental transfer. Only controlled epidemiological studies can detect a relationship between environmental factors such as drug exposure and pregnancy outcomes. 
Drug Risk Category

· No fetal risk shown in controlled human studies in all trimesters. Possibility of harm to fetus is faraway (A).
· Animal studies show a risk that is not confirmed in human studies during all trimesters (B).
· Fetal risk shown in controlled animal studies but no controlled human studies are available or studies in humans and animals are not available. Drugs only given if the potential benefit outweighs the potential risk to the fetus (C).
· Studies show fetal risk in humans (Use of drug may be acceptable even with risks, such as in life-threatening illness or where safer drugs cannot be used or are ineffective) (D).
· Risk to fetus clearly outweighs any benefits from these drugs. The drug is contraindicated in women who are or may become pregnant (X).
Examples of teratogenic agents
A wide range of different chemicals and environmental factors are suspected or are known to be teratogenic in humans and in animals. A selected few include:

· Thalidomide (X) is a drug originally marketed to prevent nausea and vomiting in pregnancy. Thalidomide was not shown to be teratogenic in rats however; it is greatest danger during days 34-56 of pregnancy in humans. It was discovered in the 1960s in West Germany to cause rare limb defects, among other congenital anomalies as phocomelia and Amelia, deafness anomalies of teeth, eyes, intestines, heart and kidney. The discoveries about thalidomide triggered legislation requiring teratogenicity testing for drugs.
· Chronic alcohol ingestion (D) during pregnancy is the most common cause of congenital problems in mental development. Ingestion of more than 30 millilitres (1 ounce) of ethyl alcohol per day during pregnancy can lead to the development of fetal alcohol syndrome, characterized by intrauterine growth retardation and subsequent learning disabilities, such as distractibility, and language disorders. Heavier consumption of alcohol, more than 60 millilitres per day, by a pregnant woman can result in malformations of the fetal brain and in spontaneous abortions.
· Diethylstilbestrol (DES) is a drug used primarily from the 1940s to the ’50s to prevent miscarriage. The drug is an example of a chemical that can produce transplacental carcinogenesis. It was discovered in the early 1970s that exposures to diethylstilbestrol before the ninth week of gestation could lead to the formation of rare vaginal and cervical cancers in female progenies.
· Fetal warfarin syndrome (D). The anomalies is characterized mainly by skeletal abnormalities, which include nasal hypoplasia, a depressed or narrowed nasal bridge, scoliosis, and calcifications in the vertebral column, femur, and heel bone which show a peculiar stippled appearance on X-rays. Limb abnormalities, such as brachydactyly (unusually short fingers and toes) or underdeveloped extremities, can also occur (seen with first trimester exposure). A distinctly different pattern is seen with second- and third-trimester exposure to coumarins, featuring optic atrophy, cataracts, mental retardation, microcephaly, microphthalmia, deafness, growth retardation, scoliosis (curvature of the spine), seizures and hemorrhage.
· Aminoglycosides (C) (high dose). VIII cranial nerve damage
· Androgens (X). Masculinization of female fetus
· ACE inhibitors (D) as captopril and enalapril. Renal tubular dysplasia (abnormality in maturation of cells), skull hypoplasia oligohydramnios (deficiency of amniotic fluid), pulmonary hypoplasia. 
· Antineoplastics (D). Alkylating agents cause growth retardation, cleft palate, microphthalmia (small eyes), cloudy cornea, agenesis of kidney (failure to develop), cardiac defects. Antimetabolite agents cause growth retardation, malformation of ear, eye, nose, cleft palate, malformation of extremities, fingers, brain and skull.
· Carbamazepine (C). Craniofacial abnormalities, growth retardation, neural tube defects, fingernail hypoplasia.
· Cocaine (C). Premature birth, abruption (the placental lining has separated from the uterus of the mother), perinatal morbidity, growth retardation, in utero stroke, bowel atresias, defects of genitourinary system, heart, limb, face.
· Iodides (D). Goiter, fetal hypothyroidism.
· Lithium (D). Ebstein’s anomaly (tricuspid valve defect) and other cardiac defects.
· Tetracyclines (D). Weakened fetal bone and tooth enamel dysplasia, permanent tooth discoloration.
· Retinoids (X) isotretinoin and etretinate cause heart defect, spontaneous abortion, microtia (small external ears), microcephalus, hydrocephalus, cognitive defects. Isotretinoin, which is often used to treat severe acne, is such a strong teratogen that just a single dose taken by a pregnant woman may result in serious birth defects. Because of this effect, most countries have systems in place to ensure that it is not given to pregnant women, and that the patient is aware of how important it is to prevent pregnancy during and at least one month after treatment. 
· Vallproic acid (D) causes SP1NA BIFIDA (incomplete closure of the embryonic neural tube, this allows a portion of the spinal cord to stick out through the opening in the bones), facial anomalies, slow development.
· Vitamin A (>18000-25000 lU/day) (X) causes Microtia, craniofacial, CNS and cardiac anomalies, bowel atresia, limb reductions and urinary tract defects. Medical guidelines also suggest that pregnant women should limit vitamin A intake to about 700 μg/day, as it has teratogenic potential when consumed in excess.
· Other teratogenic agents as Ionizing radiation: atomic weapons, radioiodine, radiation therapy, Infections: cytomegalovirus, herpes virus, parvovirus B-19, rubella virus (German measles), syphilis, toxoplasmosis, Venezuelan equine encephalitis virus, Metabolic imbalance: alcoholism, endemic cretinism, diabetes, folic acid deficiency, iodine deficiency, hyperthermia, phenylketonuria, rheumatic disease and congenital heart block, virilizing tumors, temazepam (Restoril; Normisson), nitrazepam (Mogadon), nimetazepam (Ermin), aminopterin, busulfan, chlorobiphenyls (PCBs), Dioxin, cyclophosphamide, diphenylhydantoin (Phenytoin, Dilantin, Epanutin), ethidium bromide, lithium, methimazole, organic mercury, penicillamine, trimethadione, uranium, methoxyethyl ethers, Flusilazole, and many more. 
· The status of some of the above substances (e.g. diphenylhydantoin) is subject to debate, and many other compounds are under varying degrees of suspicion. These include Agent Orange, nicotine, aspirin and other NSAIDs. Other compounds are known as severe teratogens based on veterinary work and animal studies, but aren't listed above because they have not been studied in humans, e.g. cyclopamine. 
· Teratogenic effects help to determine the pregnancy category assigned by regulatory toxicologists; a pregnancy category of X, D, or C may be assigned if teratogenic effects (or other risks in pregnancy) are documented or cannot be excluded.
Prenatal Diagnosis of Teratogenesis
Knowing about problems before the baby is born may help parents make decisions about health care for their infant. Certain problems can be treated before the baby is born, while other problems may need special treatment right after delivery. In some cases, parents may decide not to continue the pregnancy. Common methods of chromosomal evaluation during pregnancy are Amniocentesis (Amniotic fluid) and Chorionic villus tissue (Placenta). 
· Amniocentesis is a procedure performed usually in the beginning of pregnancy to examine a baby's chromosomes. During this procedure, amniotic fluid is removed for testing. Cells within the amniotic fluid are examined in the lab to test for specific fetal disorders. The entire amniocentesis appointment lasts approximately 45 minutes - most of which involves a detailed ultrasound examination.
· Amniocentesis is offered for: a woman who will be 35 years old or more at time of delivery, a couple with a child or other family member with a chromosome abnormality or a neural tube defect, a woman with a positive screening test result a couple in which one partner has a chromosome rearrangements, a couple with an increased risk of having a child with a genetic disease for which testing is available.
· Nearly all chromosome disorders can be detected through an Amniocentesis, including Down’s syndrome as well as sex chromosome abnormalities (such as Turner’s syndrome). Several hundred genetic disorders, such as cystic fibrosis and sickle cell disease. Neural tube defects such as spina bifida can also be detected.
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· Chorionic villus sampling (CVS).  Chorionic villi are villi that grow from the chorion in order to give a maximum area of contact with the maternal blood. Embryonic blood is carried to the villi by the branches of the umbilical arteries, and after circulating through the capillaries of the villi, is returned to the embryo by the umbilical veins. Thus, the villi are part of the border between maternal and fetal blood during pregnancy.
· Villi cells have the same genetic makeup as the growing fetus so it is easy to analyze and identify genetic & chromosomal abnormalities.

· CVS is the removal of a small piece of chorionic villi (placenta) from the uterus during early pregnancy to screen the baby for genetic defects. 
· 30-40 mg ideal for cytogenetic and other direct molecular and biochemical tests.
· Trans-cervical sampling (A) is performed by inserting a thin plastic tube through vagina & cervix to reach placenta with the help of ultrasound guided images.

· Trans-abdominal (B) sampling is performed by inserting a needle through the abdomen utreus to reach placenta with the help of ultrasound guided images.

· Sample collected are sent to lab for direct preparation (examines the trophoblast cells of the placenta) or culture in special fluids (examines the fibroblast like cells of the villus stroma or mesenchymal core). 
· The sample is used to study the DNA, chromosomes, and certain signs (called chemical markers) of disease in the developing baby.

· It can be done sooner than amniocentesis, about 10 to 12 weeks after last menstrual period. Test results take about 2 weeks.
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· Biochemical markers 
· Biochemical markers are used to assess maternal, placental and fetal health. 
· They help to diagnose and monitor maternal conditions such as gestational diabetes and pre-eclampsia, trophoblastic disease and fetal chromosomal abnormalities.
· These biochemical and hormonal tests constitute only one aspect of obstetric care. They should be used together with clinical findings and imaging, particularly ultrasonography.
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Teratogenesis may be duo to Mutations, Altered mitosis, Altered nuclear integrity or function, Decreased energy supplies, Diminished supplies of substrates or precursors, Altered membrane characteristics, Osmolar imbalance and Enzyme inhibition.

1. Interference with nucleic acids: (DNA replication, transcription or RNA translation)
· Antimetabolite : methotrexate.
· Alkylating agents: Chlorambucil, cyclophosphamide.
· Active metabolites of Thalidomide .          

2. Inhibition of enzymes:
· Methotrexate inhibits dihydrofolate reductase (DHFR), thus prevents the formation of folinic acid from folic acid which is essential for embryo growth.
· 5-flurouracil inhibits thymidylate synthase leading to inhibition of deoxythymidine monophosphate (DTMP) synthesis, inhibition of DNA synthesis.
· Glucose-6-phosphate dehydrogenase inhibitors decrease energy production.

3. Deficiency of energy supply needed to build organs:
A. Glucose deficiency

· Deficiency of glucose in diet
· G-6-PD inhibitors (6- aminonicotinamide) interfere with glycolysis.
· Drugs affecting Kreb’s cycle (fluroacetate)

B. Interference with O2 supply or utilization. E.g. CN toxicity (cytochrome oxidase inhibitor).
C. Hypoxia: CO toxicity (decrease in both O2 delivery + osmotic pressure to fetus) as in phenytoin toxicity. This can induce edema and hematomas, which in turn can cause mechanical distortion and tissue ischemia.
4. Lack of substrates:
· Decrease of vitamins or minerals intake as Zinc.
· Failure of absorption from GIT as in GIT infection e.g. diarrhea or bile acid deficiency.
5. Osmolar imbalance. E.g: ethylenethiourea exposure causing lower osmolality of exocoelomic fluid (ECF) surrounding the embryo that causes water to move out of the ECF. ECF will accumulate in the embryo which leads to localized edema in the embryo resulted in inhibition of growth/differentiation and increased incidences of malformations.
6. Genetic mutation:

Mutations in brief
· Mutations are heritable changes in the genome of a cell or an organism. These changes may be expressed, for example, as a change in the structure of a protein, which alters or abolishes its enzymic properties. 
· Mutations occur spontaneously or may be induced by physical and chemical agents. Spontaneous mutations occur under "normal" conditions with a certain probability. The rate for them, however, varies individually. In contrast, induced mutations arise through the effects of physical, chemical or viral infection.

· In general, mutations are detrimental because in most cases they lead to defects in gene function. 
· There are three different levels at which mutation takes place, namely at the DNA sequence level (gene mutations), at the chromatin structure level (structural chromosome aberrations) and at the chromosome number level (numerical chromosome aberrations).
1. Gene Mutations

· Gene mutations are changes in base pair sequence within a gene. Mutations in a gene's DNA sequence can alter the amino acid sequence of the protein encoded by the gene. 
· Polymorphism; are variation in the DNA sequences. There are million of different polymorphisms in human genome.
· Gene mutations can occur by base substitutions (one base is substituted by another), or by deletion or addition of one or more bases from one or more codons. Additions or deletions change the reading frame and are known as frameshift mutations. 
· Gene mutations arise either through the exchange of bases, through alteration of a nucleotide base (through deamination, tautomeric transposition, among others) or through the deletion or insertion of a base, leading to a mispairing in the replication and transcription.
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The consequences can be:

1. Missense: Through the exchange of a base (substitution) the code of an amino acid is altered into the code of another amino acid, which specifies the insertion of the “wrong” amino acid into a polypeptide. A missense mutation may lead to the production of a defective protein if it occurs at a critical site in a polypeptide (e.g., at the active centre of an enzyme, or at the site at which a ploypeptide should fold). In general, missense mutations are expressed as decreases in function (such as partial growth, or increased temperature sensitivity) rather than by total loss, and can often be identified by this leaky property. 
2. Nonsense: Through a base substitution the code of an amino acid is changed into a termination code (a “full stop” in the genetic code), causing a premature transcription termination and a shortened (truncated) protein. Because gene mutation are caused by very slight DNA changes they are usually detectable only by the effects of their expression in the mutant cell or individual, that is by a change in phenotype (e.g. a change in an easily determined by biochemical function). 
· Most of these mutations lead to missing gene products or products that are unable to function. In rare cases, however, a mutation can also bring about the synthesis of a "better" protein, i.e., one that is better suited for the environmental conditions. This organism has an advantage and, via natural selection, the modified gene will ultimately replace the original gene in the majority of the population. 
· Natural “mutants” among athletes have been documented, among them an Olympic gold medalist. Eero Mantyranta, a Finnish cross-country skier who won two gold medals in the 1964 Olympics, was born with a mutation in the erythropoietin receptor gene that allows his blood to carry significantly more oxygen than the average person's.
Detection of Gene mutation
Today, such single-gene defects can be diagnosed using nucleic acid analyses. Several methods to detect specific nucleotide changes (polymorphisms) exist, examples are;
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(a) Methods depend on hybridization of oligonucleotides of known sequences to target DNA. The target DNA is generally obtained using the PCR and specific primers. Allele-specific oligonucleotides are then used to detect single base changes in the DNA samples. Typically, target DNA is immobilized on a solid support and denatured. Labeled (radioactive or fluorescent) oligonucleotides (probes/primers) are then allowed to anneal. Complementary sequences bind while noncomplementary sequences do not. Sequences that match the oligonucleotide are detected by fluorescence or when the oligonucleotide is radiolabeled by exposure to X-ray film. (b) Another means of rapid screening for DNA variations relies on detecting conformational changes in secondary structure caused by the nucleotide sequence alteration. The change in structure can be detected in a number of ways including denaturing gradient electrophoresis and denaturing gradient HPLC. SSCP=single-stranded conformational polymorphism. (c) Base mismatch methods begin with creating heteroduplexes between wild-type or normal DNA and target DNA. Heteroduplexes with mismatches are detected by enzymatic or chemical cleavage, with the cleavage products resolved by electrophoresis. (d) DNA sequencing can also be used to detect polymorphisms but is the most labor intensive. The method involves synthesis of DNA using DNA polymerase. Dideoxynucleotides are included in the synthesis mix to randomly terminate synthesis at each nucleotide in the sequence. Generally, each dideoxy nucleotide is labeled with a flourescent tag. Terminated strands are separated by denaturing gel or capillary electrophoresis and are detected using fluorescence.
Examples of single gene defect or mutation

· If the changes in a genome are restricted to a single gene, a single-gene defect arises.

· Usually this involves a gene mutations and leads to an altered amino acid sequence in the proteins that are coded in this section of the DNA. A human being has ≈ 40,000 -60,000 genes that directly influence characteristics such as hair, skin and eye coloration as well as the development and growth of our bodies. In addition, regulatory regions and the intron sequences also play important roles in turning genes on and off as well as in their correct transcriptions and translations. 
· Normally, every child obtains half of its genetic material from each parent. The inheritance of monogenetic diseases occurs in accordance with Mendel's laws. In this, one distinguishes among dominant and recessive genes. 

A. Autosomal dominant inheritance (children with trait 50%) 
1. Marfan's syndrome (abnormalities in connective tissues, such as abnormal enlargement of the aortic root of the heart, dislocated lenses of the eyes, and a tall, thin body with increased joint mobility, scoliosis, long flat feet, and long fingers). Marfan syndrome is caused by mutations in the FBN1 gene on chromosome 15 on the long arm (q) at 15q21.1, which encodes fibrillin-1, a glycoprotein component of the extracellular matrix. 
2. Aniridia (congenital eye condition causing incomplete formation of the iris. This can cause loss of vision, usually affecting both eyes). Aniridia is due to mutations in the PAX6 gene on 11p13.
3. von Recklinghausen's disease or neurofibromatosis (Neurofibromatosis is a condition characterized by changes in skin coloring and the growth of tumors along nerves in the skin, brain, and other parts of the body). Neurofibromatosis due to mutations in the neurofibromin gene on chromosome 17, that is responsible for control of cell division.
B. Autosomal recessive inheritance (children with trait 25%)         
1. Cystic fibrosis (an inherited disease of the mucus glands that affects many body systems due to mutations in the CFTR gene on chromosome 7q31.2).

2. Hemochromatosis (a condition in which the body accumulates excess iron), Build-up of iron over years results in excess iron deposited in the cells of the liver, heart, pancreas, joints, and pituitary gland, leading to diseases such as cirrhosis of the liver, liver cancer, diabetes, heart disease, and joint disease. Hemochromatosis is due to mutations in the HFe gene on short arm of chromosome 6 at location 6p21.3.
3. Sickle cell anemia (atypical hemoglobin molecules called hemoglobin S, which can change red blood cells into a sickle, or curved shape. RBCs will be break down prematurely, which can lead to anemia). It is due to mutations in the β-globin chain of haemoglobin, which results in glutamic acid being substituted by valine at position 6. The β-globin gene is found on chromosome 11, more specifically 11p15.
4. Tay-Sachs disease (an inherited disorder that progressively destroys nerve cells in the brain and spinal cord). Infants with this disorder typically appear normal until the age of 3 to 6 months, when their development slows and muscles used for movement weaken. Affected infants lose motor skills such as turning over, sitting, and crawling. They also develop an exaggerated startle reaction to loud noises. As the disease progresses, children with Tay-Sachs disease experience seizures, vision and hearing loss, intellectual disability, and paralysis. An eye abnormality called a cherry-red spot, which can be identified with an eye examination, is characteristic of this disorder. Children with this severe infantile form of Tay-Sachs disease usually live only into early childhood). Tay-Sachs disease is due to mutations in the HEXA gene.
C. X chromosomal inheritance. With X chromosomal-linked recessively inherited diseases the affected gene is transferred by phenotypically healthy female carriers.  
1. Duchenne's muscular dystrophy (The disorder is caused by a mutation in the gene DMD, located in humans on the X chromosome (Xp21). The DMD gene codes for the protein dystrophin, an important structural component within muscle tissue. Dystrophin provides structural stability to the dystro-glycan complex (DGC), located on the cell membrane. Symptoms usually appear in male children before age 6 and may be visible in early infancy. Progressive proximal muscle weakness of the legs and pelvis associated with a loss of muscle mass is observed first. Eventually this weakness spreads to the arms, neck, and other areas. Early signs may include pseudo-hypertrophy (enlargement of calf foot muscles), low endurance, and difficulties in standing unaided or inability to ascend staircases. As the condition progresses, muscle tissue experiences wasting and is eventually replaced by fat and fibrotic tissue (fibrosis). By age 10, braces may be required to aid in walking but most patients are wheelchair dependent by age 12. Later symptoms may include abnormal bone development that lead to skeletal deformities, including curvature of the spine. Due to progressive deterioration of muscle, loss of movement occurs eventually leading to paralysis. Intellectual impairment may or may not be present but if present, does not progressively worsen as the child ages. The average life expectancy for patients afflicted with DMD varies from early teens to age mid 30s. There have been reports of DMD patients surviving past the age of 40 and even 50).
2. Hemophilia A and B (bleeding disorders caused by deficiencies of clotting factor VIII and factor IX, respectively). Hemophilia B is caused by Variants (mutations) in the F9 gene which codes for coagulation factor IX.
3. Red-green blindness. In a family with red-green blindness and hemophilia, based on their family tree, it was seen for the first time that genes, although they lie near each other and normally are transmitted together (= linkage ), can just as well be inherited separately by descendents. This phenomenon is termed a linkage break. Here the linked genes are torn apart during the "crossing over" process and can be transmitted separately to the offspring. The two genes in which mutation is associated with red-green color vision defects are OPN1LW (opsin 1 long wave), encoding the red pigment and OPN1MW (opsin 1 middle wave), encoding the green pigments. Approximately 75% of all red-green color vision defects (100% of protans and about 65% of deutans) can be diagnosed by molecular genetic testing for these genes.

2. Structural Chromosome Aberrations

· Chromosome aberrations are changes in chromosome structure or number. Structural chromosome aberrations involve gross alteration of the genetic material and are detected by light microscopy in appropriately prepared cells during cell division, when DNA is condensed by chromosomal proteins to form chromosomes (stainable element). 
· Most chromosomal aberrations arise randomly as the gametes are formed. Following fertilization such embryos mostly do not develop correctly and result in a spontaneous miscarriage. Examinations of embryos from miscarriages have shown that 50% exhibit chromosomal aberrations.

· A small portion of chromosomal deviations occur after the fertilization in a cell line. Those thus affected can for this reason exhibit a mosaic form (some cells with deviations and some without). 
· Chromosomal mutations can also, though, be handed down from the parents to the offspring even though the parents are phenotypically healthy, i.e., they have balanced genetic material. An example of this is translocation.

· Structural aberrations are the result of chromosomal breaks that occur during cell division. Here deletion and duplication lead to an abnormal phenotype, while insertion, inversion as well as translocation can be balanced. This means that the carrier of this structural chromosome aberration can escape notice phenotypically, because the entire genetic material is present.
· Major classes of chromosomal rearrangements that can be transmitted in populations of cells or organisms are deletions, duplications, inversions, and balanced translocations. 
· Many of these rearrangements can be detected with staining techniques (e.g. trypsin-giemsa banding) that reveal banding patterns on chromosomes but cannot be detected with routine cytogenetic analysis of un-banded chromosomes.
· With banding techniques one can recognize the chromosomes as striped cords and display them in a karyogram, after they have been ordered according to their size and the positions of the centromeres. Various groups of similar chromosomes are created in this way.
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                                            Karyogram of the baby demonstrating deletion in chromosome 7 (arrow)
· Each chromosome in a karyotype has a banding pattern, which is characteristic for the individual chromosome of the given species. In recent years, molecular cytogenetic staining procedure with fluorescence-labelled DNA probes (chromosome painting such M-FISH, comparative genomic hybridization) opened a new area of chromosome diagnostics.
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· Two translocations between chromosomes 1 and 8. 
· Translocation between chromosomes 3 and 21. 
· Aberrant chromosome 14 with an additional part derived from the same chromosome on the short arm.

· Trisomy of chromosome 13 was identified.
Examples of structural chromosome aberrations are
1. Cri du chat syndrome (cry of the cat) is due to the deletion of part of the short arm of chromosome 5. The "cri du chat" syndrome manifests itself through cat-like crying of the newborn. This disorder is accompanied by microcephaly, severe psychosomatic and mental retardation and cardiac defects.
2. Wolf-Hirshchhorn syndrome (mental and growth retardation) is due to the partial deletion of part of the short arm of chromosome 4.
3. CATCH 22 syndrome. The CATCH 22 syndrome is probably the most frequently encountered micro-deletion syndrome with an incidence of 1: 4'000 to 5'000. It exhibits a large spectrum and a large variability in its features. CATCH 22 stands for: C = cardiac (frequently Fallot tetralogy), A = abnomal faces, T = thymic hypoplasia, C = cleft palate, H = hypocalcemia and 22: 22q11 deletion.

3. Numerical Chromosome Aberrations

· These are changes in the number of chromosomes in the genome. 
· When mutations change the number of whole chromosome sets present, polyploid cells result. When mutations change parts of chromosome sets, aneuploid cells result. 
· Polyploidy such as triploidy (3n) and tetraploidy (4n) are common in the plant kingdom and are even represented in the animal kingdom.

· Triploidy happens when either two sperm cells fertilize the oocyte or when a diploid oocyte is fertilized. This results in various anomalies. 

· Tetraploidy arises mostly through a disturbance during a mitotic division. Physiologically, tri- and tetraploidies occur in liver and bone marrow cells. Children with a triploid or tetraploid chromosome set can not survive.

· Allopolyploid plants are obtained by crossing two related species and then doubling the progeny chromosomes through the use of colchicine or through somatic cell fusion. These techniques have important applications in crop breeding, because allopolyploids combine the useful features of the two parental species into one type.

· Polyploidy can result in an organism of larger dimensions; this discovery has permitted important advances in horticulture and in crop breeding.
· The normal species-specific diploid genome is euploid, and contains a complete set of chromosomes from each parent, e.g. 2n = 46 for humans. 
· Aneuploid and ployploid cells have chromosome numbers that differ from the normal number for the species. In aneuploidy, the deviation in chromosome number involves one or a few chromosomes, whereas in ployploidy, the alteration involves complete sets of chromosomes. For example, in humans, where the normal diploid (2n) chromosome number is 46, cells with 45 or 47 chromosomes would be described as aneuploid, whereas cells with 69 chromosomes would be described as ployploid, in this case triploid (3n). 
· Aneuploid nomenclature is based on the number of copies of the specific chromosome in the aneuploid state. For example, the aneuploid condition 2n-1 is called monosomic (meaning “one chromosome loss”) because only one copy of a specific chromosome is present instead of the usual two found in its diploid progenitor. For autosomes in diploid organisms, the aneuploid 2n+1 is called trisomic, 2n-1 is monosomic, and 2n-2 (where the -2 represents homologs) is nullisomic. 
· Special symbolism has to be used to describe sex-chromosome aneuploids, because we are dealing with two different chromosomes (X and Y) and the homogametic and heterogametic sexes have different sex-chromosome compositions even in euploid individuals. The symbolism simply lists the copies of each sex chromosome, such as XXY, XYY, XXX, or XO (the “O” stands for absence of a sex chromosome and is included to show that the symbol is not a typographical error).
· Trisomies of the sex chromosomes (XXX, XXY or XYY) occur relatively frequently and can be lived with, whereas mono-somies are generally lethal, those with Turner's syndrome forming the single exception.
Examples of numerical chromosome aberrations are
· Trisomy 21 (Down syndrome) is the most well known. The occurrence of trisomy 21, as well as many other chromosomal aberrations caused by non-disjunctions, is highly correlated with the age of the mother. The probability of bearing a child with trisomy 21 increases exponentially with age. If a young mother apparently gives birth to a child bearing a trisomy 21, however, a differential diagnosis of an inherited chromosomal aberration must by all means be considered (compare robertsonian translocation).
[image: image19.png]Gomnioare

v — 5 g\ Gk
i § S,
bt | N 00
R/ ) 1 [ 1 3 3
el o owouw o

¢ U )




· Trisomy 13 (Patau's syndrome). 80-90% lethality in the first year of life.
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· Klinefelter's syndrome is the most frequent disorder of the sex chromosomes (1:500 to 1:1,000 of all men). The affected men have a spare X chromosome.  The following symptoms indicate such a clinical diagnosis: Unproportionate growth in height, Gynecomastia, hypogonadism, Small, hard testicles (testicular atrophy), Sparse body hair, Infertility and Frequent diabetes mellitus. Today the definitive diagnosis is made based on a karyogram. The therapy consists in the substitution of testosterone.
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· Turner's syndrome is the only viable monosomy (45, XO). The prevalence amounts to 1: 2'500-5'000. The XO genotype leads to a female phenotype, accompanied by stunted growth and the development of dysfunctional ovaries. Clinical picture: Dysgenesis of the gonads (at birth), Retarded growth, Lymphatic oedema on the backs of the hands and feet, Wide, shield-shaped thorax, Wide, webbed neck (pterygium colli), Low hairline Typical face (sphinx), Frequent aortic coarctation, pulmonary stenosis and Renal abnormalities.
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·  Jacob’s syndrome
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