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 FORENSIC III


POISONINGPRIVATE 

Learning Objectives:
At the end of this lecture you should be able to: 

· List a simple classification of poisoning
· Discuss the factors that affect and/or modify the actions of poisons
· Describe the autopsy procedures involved in a case of poisoning including the relevant samples to be submitted for toxicological analysis

· Describe any postmortem findings specific to the various types of poisons
· Discuss poisoning from a West Indian (Caribbean) perspective  
A poison is difficult to define. It may be of animal, vegetable or mineral origin. A poison may be said to be any substance that acts on the body, chemically and/or physiologically, causing in toxic doses a disturbance in function that will consistently cause illness or death. 

Toxicology is the study of poisons including their detection, isolation, estimation, action and antidotes. 
Forensic toxicology is the medical and legal application of toxicology in determining the cause of illness or death. 

Classification

There is no simple classification that incorporates all of the important poisons. Many complex classifications exist, and no single one is perfect. Two examples are: 

	Chemical
	Physiological/Pharmacological

	Gaseous e.g. carbon monoxide
	Corrosive –  (a) strong mineral/organic acids;                                 (b) strong alkalis

	Inorganic –  (a) corrosives


                      (b) metallic and non-metallic salts
	Irritant     –  (a) metallic e.g. mercury

                      (b) vegetable e.g. castor oil

                      (c) gas e.g. ammonia

	Organic   –  (a) volatile

                     (b) non-volatile, non-alkaloidal

                     (c) alkaloidal
	Hypnotic/narcotic e.g. barbiturate, morphine

	Miscellaneous e.g. botulism
	Deliriant/convulsant e.g. cocaine, strychnine

	
	Paralytic/anti-cholinesterase e.g. curare, nicotine

	
	Abortifacient e.g. ergot, quinine

	
	Poisonous gases e.g. carbon monoxide, prussic acid


Action of poisons
Local:     Direct tissue injury at the point of application e.g. skin, oropharynx.

General: Secondary to absorption into the bloodstream to cause systemic effects/organ damage.

Conditions affecting/modifying action of poisons

Most drugs or poisons do not have a magical dose at which they will of necessity cause sickness and/or death. While there are statistical LD (lethal dose) 50 levels for many substances, this concept cannot be extrapolated wholesale to predict effect in individuals. 
The levels of these substances detected in body fluids and/or tissues at autopsy must be interpreted together with:

(i) the circumstances surrounding the death 

(ii) the medical history of the deceased 

(iii) the autopsy findings. 

Many factors may influence how a poison actually acts on a person. These include:   

 1) Dose: Some poisons are dose dependent and will not cause deleterious effects until a certain critical dose is exceeded. 
 2) Concentration: Mainly a feature of corrosives, which if diluted, may have relatively little effect. 

 3) Rate of administration: If this is slow, the body's detoxification systems may be able to effect some protection from noxious consequences. 

 4) Tolerance: A person accustomed to taking a drug, or who has been exposed to low doses of a poison over a period of time may be able to tolerate far more than the usual lethal dose e.g. drug addicts or people on continuous drug therapy such as epileptics. Amphetamines, barbiturates, benzodiazepines and morphine and its derivatives all exhibit this phenomenon. 

 5) Age: In general, children and the elderly are more susceptible to poisons. Hepatic detoxification systems are relatively underdeveloped in young children.

 6) Route of absorption/administration: Food in the stomach may delay the action of ingested poisons. The lethal dose of a poison by injection is much lower than by oral administration. 

 7) State: A poison in liquid form will be absorbed more quickly from the stomach than the same substance in powder or tablet form. The chemical state of the poison may also be important e.g. two different salts of the same metal may vary in their toxicity.

 8) Health: In general, ill-health is likely to accelerate the effects of a poison. This is especially true if there is dysfunction of the organ primarily responsible for the detoxification of the poison concerned.

 9) Idiosyncrasy: Because of hypersensitivity a person may succumb to a much smaller dose of a drug/poison than normal. Penicillin, aspirin, cocaine and heroine fall into this category.

10) Synergism: Two compounds may combine to cause a much more lethal effect than the dose of either one by itself would have been expected to do e.g. barbiturates taken with alcohol.

11) Cumulative effect: Some poisons may accumulate in the body over long periods until a toxic dose is eventually reached e.g. chronic lead poison​ing.


THE AUTOPSY IN SUSPECTED POISONING

Specific features of particular poisons are best considered under the individ​ual headings. It must be emphasized that with the possible exception of corrosive poisons, the autopsy findings are rarely conclusive. The major functions of the autopsy are to exclude other obvious causes of death, and to collect the appropriate samples for toxicological analysis.

Careful examination of the oropharynx and upper airway is vital. Ingestion of corrosives can cause considerable damage to the mouth, pharynx and oesophagus. Inhalation of irritant gases can cause marked congestion and oedema of the larynx and trachea. Internal findings will vary depending on the nature and circumstances of the poisoning in each case.

Acute pulmonary oedema is a common finding in many types of poisoning but is often quite marked when irritant gaseous poisons are inhaled. Some poisons cause fatty change of the liver and may even cause fulminant hepatic necrosis. Acute renal tubular necrosis is sometimes noted, and cerebral oedema may at times be a prominent feature.
It would be wise to exclude poisoning in cases where the cause of death cannot be determined after a thorough postmortem examination i.e. neither natural disease nor injury can account for death; and also in cases of decomposed bodies in which pathological changes are obscured by autolysis.


Material to be submitted for analysis
Classically, glass containers are used for submitting samples for toxicological examination. Nowadays, however, plastic containers tend to be more common than glass and have the advantage that they do not shatter if dropped. Some analyses are affected by the plasticizer in the container and/or cap, and one is advised to consult with the relevant lab about the appropriateness of containers and the types of samples to be submitted prior to submission.  

At autopsy in a suspected case of poisoning samples to be sent for toxicological analysis include: 

· Blood, 30 - 50 ml. This is best taken from a peripheral vein, e.g. the femoral, before starting the autopsy. The heart or great central vessels is the next resort, but these are best avoided if estimation of alcohol or other diffusible substances is required as contamination due to passive diffusion from stomach contents is a possibility. Obtaining blood from body cavities is to be discouraged due to contamination from other body substances.
· Urine, 100 - 200 ml via needle aspiration of the bladder.

· The stomach is removed between double ligatures, opened (some experts say along the lesser curvature) and the contents and mucosal appear​ance noted. The stomach contents should be carefully collected in a clean glass jar and sent to the toxicology laboratory. Some laboratories also want the entire stomach to be submitted as well (so that trace substances may be removed from the mucosa). 

· Generous portions of viscera, at least 50 to 100 g (though some sources recommended that much more be submitted, e.g. Liver (500 g), preferably with gallbladder (or with extracted bile); Brain (500 g); Kidney (a half of each); Spleen (a half); Lung (one), if gaseous poison is involved (remember to tie off the main-stem bronchus to retard loss of the poison by diffusion).

· If heavy metal poisoning is suspected e.g. arsenic or antimony, in addition to the usual samples, the following are also submitted: Bone (about 200 g); Hair usually from the head and/or pubis), plucked, not cut i.e. with roots intact (at least 10 g); Nails, preferably entire rather than clippings; Muscle; Skin, at least 2.5 square cm.

These samples are best kept refrigerated until submitted to the lab so as to retard putrefaction. If a sample of the suspected poison is available, this should also be sent to the lab for analysis. 
Detailed descriptions of the autopsy findings in deaths from all common poisons are beyond the scope of these notes and can be found in basic texts on forensic patholo​gy. A few common/classic cases will be mentioned as follows: 

Corrosives
Examples are:  (a) Ammonia (found in some cleaning fluids); (b) Caustic alkalis e.g. caustic soda (lye), caustic potash; (c) Sulphuric, hydrochloric or nitric acids; (d) Phenol (found in disinfectants e.g. Jeyes fluid, Lysol). In general, corrosives produce marked local tissue damage with acute inflamma​tion and ulceration of the lips and upper G.I. tract (sometimes with perforation). Fumes from the volatile acids and ammonia can cause marked respiratory tract damage. Phenol causes characteristic white stains on the lips, a white swollen tongue and a striking gastritis. Corrosive poisoning is usually suicidal but may be accidental.

Carbon Monoxide (CO)
This is an odourless, colourless gas caused by the incomplete combustion (in a restricted supply of air) of carbon containing material (most fuels) e.g. using a paraffin stove in an unventilated room, running an automobile in a closed garage etc. Poisoning may be suicidal or accidental. The CO has a greater affinity for haemoglobin (over 200 times), than does oxygen, and forms carboxyhaemoglobin (HbCO). This preferentially binding leads to tissue hypoxia, despite the fact that the blood is rich in oxygen. HbCO has a characteristic bright cherry pink colour, which can be seen in the nail beds, lips, blood and viscera (pink discolouration of hands).  As a general rule, conversion of more than 50% of a person’s haemoglobin to HbCO will cause death.


Cyanide
Found in some photographic and industrial chemicals. In more recent times it has gained infamy by being implicated in criminal contamination of pharmaceuticals in the USA e.g.Tylenol and Sudafed, and was the poison of choice in the notorious Jim Jones affair in Jonesville, Guyana. Cyanide inhibits the cytochrome oxidase system and prevents oxygen uptake by the cells. The blood therefore remains fully oxygenated and is bright red (can be confused with CO poison​ing). Death may be quite rapid and may occur within seconds! The classical false tooth that the spy bites down on to commit suicide in the novels and movies usually contains cyanide. 

At autopsy, the organs are bright red and there is the characteristic smell of bitter almonds especially from the skull cavity and brain. However, many people - up to 80% of the population - have a congenital inability to detect the odour! If the victim lives a few days before dying, classical brain changes are seen - hyaline thrombi, degeneration in the lenticular nuclei and neuronal degeneration.


Arsenic
This is the most notorious of homicidal poisons, not only in detective novels, but in real life. It is tasteless and odourless and can be readily concealed in food. Acute poisoning can lead to death in hours with vomiting, diarrhoea, convulsions and circulatory failure, but homicidal poisoning is usually of the chronic type (small doses over weeks or months) resulting in general debility, nausea, anorexia, weight loss, chronic G.I. disturbances, irritability, alopecia, skin rashes, brittle nails, peripheral neuropathy and intercurrent infections. Often the patient may seem to just waste away. This clinical picture can be confused with anorexia nervosa, symptoms of malignancy, and in today's world – AIDS!


Insecticides and Herbicides
Organophosphates

These inhibit cholinesterases with acetylcholine accumulation and are commonly used as insecticides e.g. parathion and malathion. They are often used in suicide, but homicidal usage and accidental incidents are frequent. They are well absorbed from the G.I. tract, airways and skin. There is a constel​lation of symptoms, many of which are mediated by acetylcholine - nausea, headache, blurred vision, vomiting, sweating, dizziness etc. Therapy includes atropine and PAM (2-pyridine aldoxine methiodide) administration. There are no specific autopsy findings.

Paraquat

This is an infamous poison in the West Indies, especially in Trinidad. This very good herbicide (Gramoxone, Weedol) is lethal in small doses and is well absorbed via all routes, although toxicity has largely been secondary to ingestion. Death is due to respiratory, renal or hepatic failure, or a combination of all. Lipid peroxidation by free radical formation is proposed as the explanation for the pulmonary pathology.

There is no specific antidote. Treatment is by emesis, lavage, forced diure​sis, peritoneal dialysis, artificial respiratory support etc. Autopsy findings in death occurring soon after poisoning include congestion or ulceration of the lips and mouth, upper G.I. tract or airway, and marked pulmonary oedema. In longer survival before death, the characteristic feature is striking pulmo​nary fibrosis.

“Recreational” Drugs (Drug Abuse)
Alcohol

Ethanol is the most commonly abused drug and self-poisoning by ethanol is a way of life in the modern world! Death is usually accidental rather than suicidal. Acute poisoning occurs when a relatively large amount is imbibed rapidly leading to acute toxicity and paralysis of the medullary respiratory and cardiovascular centres. Chronic poisoning is more common with variable end organ damage - fatty change and cirrhosis of the liver, alcoholic hepatitis, cardiomyopathy, cerebral atrophy etc.

Opiates

These include opium, morphine and heroin. Autopsy findings are non-specific, but in habitual users, features such as needle marks, scarring and sclerosis of veins at injection sites may be present. Sometimes death may be so sudden that the needle may still be found in the vein! Sometimes marked pulmonary oedema may be seen with frothing that that may exude from the nose and mouth that may mimic drowning (picture shows foam around mouth – allegedly Chris Farley, the Hollywood actor, (ChrisFarley.jpg). Death is probably due to cardiac dysrhythmias and cardiac arrest.
Cocaine

Neither cocaine nor “crack” gives specific autopsy findings. Most victims die a sudden cardiac death (will be discussed further in lecture 5) but acute hypertension with cerebral haemorrhage does occur. As cocaine is commonly sniffed, swabs from each nostril should also be sent to the laboratory along with the other samples. 
Over the past two decades or so, the phenomenon of the “body packer” syndrome has come to the fore. This refers to the swallowing of packaged drugs – usually cocaine – in order to smuggle them across international borders. Rupture of one or more packets within the intestines has caused a number of deaths from acute drug intoxication.

Medicines

Paracetamol

This analgesic is commonly implicated in suicide. Initial symptoms are vague and commonly related to G.I. upset. Hepatic necrosis is the usual cause of death, but renal tubular necrosis and cardiac failure due to heart muscle damage may also occur. 

Tranquilizers and Sedatives

Tranquilizers may be classified as major e.g. phenothiazines, or minor e.g. benzodiazepines. Barbiturates are not uncommonly implicated in suicidal poisoning. No specific autopsy findings are present. Some phenothiazines may cause liver damage and/or myocardial degeneration. 

Salicylates

These act via the respiratory centre to cause hyperventilation and respiratory alkalosis but the chemical nature of the drug may cause a metabolic acidosis. The net result is that serious acid-base derangement occurs. Hypersensitivity to the drug may lead to a fatal reaction after taking only a small amount. Autopsy may show a residue of white powder or unabsorbed tablets in the stomach with inflammation of the mucosa, erosions, and sometimes, altered blood. 


A West Indian (Caribbean) Perspective of Poisoning
In the U.K. drugs commonly causing admission to hospital are tranquilizers, salicylates, 

antidepressants and benzodiazepines, whereas drugs commonly causing death (as found at autopsy) are paracetamol, benzodiazepines, antidepressants and aspirin. The similarity is obvious. 
In the Caribbean, as a rule, certain poisons tend to crop up more often than others do. As poisoning is a relatively uncommon method of homicide worldwide, it is not surprising that most cases of poisoning in the West Indies are either accidental or suicidal. 

Poisoning is a relatively uncommon cause of death in the Caribbean in general. In a series of 946 coroner’s autopsies performed 1973-75 at the Kingston Public Hospital (M. Ramu, West Indian Medical Journal 1976; 25: 235-40), burns, abortions and poisoning together accounted for only 4% of deaths. At the UHWI between 1980 and 1999, only 1% of coroner’s autopsies had poisoning as a cause of death, with herbicides/insecticides accounting for 41% of deaths and prescription drugs for 27% (Escoffery CT, Shirley SE. Fatal Poisoning in Jamaica: A coroner’s autopsy study from the University Hospital of the West Indies. Medicine, Science and the Law 2004; 44:116-120, PubMed). 
Common suicidal poisons in the Caribbean are paracetamol, antidepressants, tranquilizers, benzodia​zepines and paraquat. Paraquat was used in 63.7% of cases of suicidal poisoning in Trinidad & Tobago (Hutchinson et al, West Indian Medical Journal, 1991:40; 69-73 Pubmed) and was also the most commonly implicated substance in suicidal deaths in the UHWI study. Common poisons in childhood (not necessarily fatal) are salicylates and other common prescription drugs, kerosene, insecticides and household products (especially cleaning agents), lead, poisonous foods and plants.

Poisoning by food is not uncommon in the Caribbean. Food products may be contaminated by exogenous poisons e.g. recurring incidents of contamination of flour by organophosphate insecticides in Jamaica. More commonly, however, poisonous foods or plants are intrinsically toxic. Some are invariably toxic e.g. datura (jimsonweed) and physic nut which are used for medicinal purposes. Others like ackee, cassava and some varieties of yam may be toxic if improperly prepared. 

An interesting, and occasionally fatal, type of food poisoning endemic throughout the Caribbean is ciguatera poisoning. This occurs when certain sporadically toxic marine fish are ingested. These include shark, barracuda, grouper, red snapper, jack and parrotfish. The ciguatoxin is primarily a neurotoxin and signs and symptoms are usually related to the nervous system, but gastrointestinal and cardiovascular dysfunction may also occur. 

The toxin is thought to originate in certain algae, which are eaten by small fish and passed up the food chain to larger fish without harm to the fish themselves. The bigger the fish, the more toxic it is. The poison concentrates in viscera, especially the liver and ovaries, which are more toxic than the flesh. 
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