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Antidotes

 Is remedy to counteract the effects of a poison

 Previously, it was considered as Specific agent

 Nowadays, it is considered as a complex mixtures, such as 

snake antivenins, non-specific therapies used in the 

management of poisoning, or non-specific therapeutic agents 

such as activated charcoal



Antidotes

 Antidotes may be:

1. Targeted at one toxic mechanism, like chemical 

detoxification of the poison

2. Antidotes that act specifically at pharmacological receptors, 

on enzymes or bind specifically to other macromolecules

3. Antidotes that act by specific binding, chelation, or non-

specific binding

4. Antidotes that act on other receptors than targeted by the 

poison but act to improve outcome



Antidote actions with examples and targets

Action Example of antidote Target

Chelating agents Desferrioxamine

Dicobalt edetate

Iron

Cyanide

Antibodies Anti-digoxin FAB Digoxin

Methaemoglobin formation (secondary 

detoxification)

Sodium nitrate Cyanide

Enzymic co-substrate Sodium thiosulfate

(rhodanase)

Cyanide

Inhibition of formation of toxic

product

Ethanol

Fomepizole

Methanol

Ethyleneglycol

Enzyme-toxin complex Oxime Organophosphate insecticides

Reaction with toxic

metabolite

Acetylcysteine Paracetamol

Pharmacological receptor antagonist Naloxone

Flumazenil

Opioids

Benzodiazepines

Pharmacological receptor agonist Salbutamol

Norepinephrine

β-blocker

α-blocker



Chelating Agents
 most simple 

 It involves direct chemical or physicochemical reaction between an antidote and a 

poison to form a product that is less toxic

 May be given by mouth to prevent absorption like Activated Charoal

 May be given parenterally to promote more rapid excretion like Desferrioxamine

 parenteral chelating agents are differ in their mode of binding:

1. Antibodies directed against a specific molecule (e.g., Fab antibodies for digoxin) while 

having less efficacy against similar molecules (other cardienolide)

2. Chemical chelating agents bind metal ions and other toxic groups, e.g., Cyanide

3. Antibodies may be derived against venoms or toxins derived from animals or plants in a 

more complex mixture (anti-toxins and anti-venins)



Chelating Agents

 Metal chelating agents are rarely specific to a particular metal and they often 
result in excretion of other metals which may have important roles as enzyme 
cofactors like 

 Penicillamine that is used to bind copper but it chelates a variety of other metals, 
including lead.

 Calcium edetate chelates lead and zinc cadmium 

 Desferrioxamine binds to iron and aluminum

 The beneficial action of chelating agents is often the result of a combination 
of effects, including 

1. detoxification by complexation: the affinity of binding between antidote and toxin

2. Mobilization:

3. elimination



Chelating Agents

 Some chelating agents contain potentially toxic compounds that are 

neutralized in complex with the toxin like Dicobalt edetate and 

Desferrioxamine in which both cause hypotension if given alone

 Immunological antidotes used to treat poisoning with toxins of biological 

origin, such as botulinum toxin and toxins in snake venom

 Give another example for Immunological antidotes ?



Toxin Redistribution

 Chelating agents facilitate excretion as well as redistribution to decrease its 

clinical effect

 An example is methemoglobin producer is sodium nitrite

 Another Example is using of intravenous lipid emulsion as an antidote in local 

anesthetic overdose where it appeared to change the intravascular 

distribution of the toxin and reduce its concentration at the receptor site on 

the myocardium



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

 It is exploited in several ways by:

1. Increasing detoxification (by co-substrates, enzyme induction)

 An example for Co-substrate detoxification is the use of sodium thiosulfate which 

through rhodanese reaction accelerate the rate of cyanide transulphuration to 

thiocyanate (another form of Cyanide detoxification)

 Some drugs increase its own rate of metabolism like Carbamazepine and 

Barbiturate 

2. Inhibiting formation of toxic metabolites (enzyme inhibitors)

 applicable to indirectly-acting poisons, is the inhibition of the formation of a toxic 

metabolite

 Examples for it are ethanol and fomepizole which competitively inhibit alcohol 

dehydrogenase to inhibit the formation of toxic metabolites in methanol poisoning 

and ethylene glycol



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

3. Exogenous supply of an alternative substrate

1. Acting on a toxic metabolite to neutralize it

2. Acting to change binding of an enzyme–toxin complex, enabling re-activation of 

the enzyme.

 Exogenous enzymes suffer from the disadvantage of being potentially foreign 

proteins like use of intravenous bovine heart rhodanese for Cynide poisoning



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

4. Acting on a toxic metabolite to neutralize it

 Inhibit the metabolism of toxic metabolite could reduce the toxicity

 Example is Paracetamol which is converted into a toxic intermediate N-

acetyl-p-benzoquinone imine (NAPQI) which normally bound by glutathione 

 When the GSH is exhausted, the NAPQI binds to other sulfhydryl groups 

causing cell damage and death.

 the most effective and least toxic antidote is N-acetylcysteine.



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

5. Antidotes that React with an Enzyme-Poison Complex

 Example is interaction between anticholinesterase pesticides and nerve agents on 

the active site of acetyl-cholinesterase results in structural change in the enzyme 

molecule known as ageing. 

 A number of oxime compounds (like Pralidoxime) have been developed which 

prevent this process, but efficacy varies depending on the toxin to which the 

patient has been exposed and time of treatment.



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

6. Antidotes that Act at Pharmacological Receptors-Agonists and 

Antagonists

 Classical antagonist antidotes include naloxone (for opioids) and flumazenil 

(benzodiazepines). These agents bind to the receptor, but do not stimulate it. 

 Adrenergic compounds such as epinephrine and norepinephrine in the management 

of β-blocker poisoning



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

7. Antidotes that Act to Change Binding to Receptor Sites

 The best example of this concept is oxygen use to manage 

CO poisoning. 

 The use of NaHCO3 to increase the pH of blood in tricyclic 

antidepressant poisoning is an example of the binding 

affinity of a toxin for a receptor being changed. 



Antidotes that act on the Poison via 

Enzyme-Catalyzed Reactions

8. Antidotes Working on Secondary Toxin Effects

 Example is Atropine is anticholinergic drug acting on muscarinic cholinergic 
receptors. However, this drug is used as an antidote for organophosphate and 
carbamate anticholinesterase poisoning

9. Symptomatic (Functional) Antidotes

 number of antidotes that are used symptomatically in poisoning and are difficult to 
classify

 Example in organophosphate poisoning, an additional benefit is the reduction in 
muscle fasciculation. Diazepam acts allosterically on the gamma-aminobutyric acid 
A (GABAA) receptor. The GABA system is an inhibitory neurotransmission system 
and the agonist effect of diazepam is to treat or prevent convulsions that may 
occur in organophosphate poisoning.



Principles of Use of Antidotes

1. appreciate the mechanism of action and time of response. 

2. it is important to understand what component of response to 

monitor. 

3. it is important to understand how much antidote to administer 

under specific clinical situations. 

Use of excess antidote or inappropriate use of antidote may be potentially 

hazardous. Like:

 Metal chelating antidotes also remove essential metals. 

 Adverse anaphylactic reactions to acetylcysteine are more likely in those with 

lower plasma concentrations of paracetamol



Principles of Use of Antidotes

4. understand the appropriate duration of therapy, and the times at 

which therapy should be monitored. 

 Pharmacological antidotes such as naloxone and flumazenil have far shorter half-

lives than the drugs that are used to antagonize. Close monitoring of response and 

repeated dosing is therefore necessary.

5. appropriate target for treatment is chosen. 

 In the case of opioid addicts it is not necessary to fully reverse the effect of the 

opioid. All that is required is for the patient to be safe, breathing adequately, and 

not obstructing their airway, with an adequate pulse and blood pressure. 

6. be certain that the indication for treatment is appropriate. 



Principles of Use of Antidotes


