
Drug toxicity 

Over the counter drugs  

Caffeine toxicity 

Caffeine (1,3,7-trimethylxanthine) is the most widely consumed stimulant drug in the world. It is present in 

a variety of forms: medications, coffee, tea, soft drinks, and chocolate. Because caffeine overdoses, 

intentional or unintentional, are relatively common, physicians and other medical personnel must be aware 

of caffeine toxicity to recognize and treat it appropriately. 

Pathophysiology 

Caffeine is rapidly and completely absorbed from the GI tract; with peak plasma levels in 30-60 minutes. 

Caffeine is primarily metabolized by the cytochrome P450 (CYP) oxidase system in the liver. The plasma 

half-life of caffeine varies considerably from person to person, with an average half-life of 5-8 hours in 

healthy, nonsmoking adults. Caffeine clearance is accelerated in smokers. 

Various mechanisms mediate the effects of caffeine in the human body. Caffeine directly stimulates 

respiratory and vasomotor centers of the brain and acts as an adenosine antagonist, resulting in peripheral 

vasodilatation and CNS stimulation. Caffeine is a potent releaser of catecholamines (norepinephrine and, to 

a lesser extent, epinephrine) that increases cardiac chronotropic and inotropic activity, bronchodilation, and 

peripheral vasodilatation  

In addition to its cardiovascular effects, caffeine induces a number of metabolic changes, including 

hyperglycemia (by stimulating gluconeogenesis and glycogenolysis), increased renal filtration, ketosis, and 

hypokalemia. Caffeine is a potent stimulator of gastric acid secretion and GI motility.  

Death from caffeine toxicity is rare, but it has been reported due to dysrhythmias, seizures, and aspiration of 

emesis. Oral doses of caffeine greater than 10 g can be fatal in adults. The average daily adult intake should 

generally be less than 500 mg/d. 

 

Signs and symptoms 

When acute caffeine ingestion is suspected, the history should address the following: 

 Use of prescription medications or over-the-counter (OTC) drugs 

 Use of illicit (illegal) drugs 

 Recent caffeine ingestion 

 



CNS findings on physical examination include the following: 

 Anxiety, agitation 

 Tremors 

 Seizures 

 Altered mental status 

 Head, eyes, ears, nose, and throat findings 

 Pupils that are dilated but reactive to light 

The thyroid should be examined because thyrotoxicosis may mimic caffeine toxicity. 

 

Cardiovascular findings on physical examination include the following: 

 Sinus tachycardia, dysrhythmias 

 Hypotension 

 Tachypnea 

 

 

GI findings on physical examination include the following: 

 Vomiting 

 Abdominal cramping 

 Hyperactive bowel sounds 

Diagnosis  

In hemodynamically stable patients with mild symptoms and a clear history of caffeine ingestion, no 

laboratory studies are indicated. Laboratory studies are indicated in patients with moderate-to-severe 

symptoms of caffeine toxicity. The following studies may be helpful:  

 Complete blood count (CBC) 

 Serum electrolyte, glucose, blood urea nitrogen (BUN), and creatinine concentrations 

 Routine screening for other potentially treatable toxins 

 Total creatine kinase (CK) concentrations 

 Dipstick urinalysis 

 Rapid urine drug screen 

 Serum ethanol concentrations and osmolality (in cases of unknown ingestion or suspected 

coingestion) 



 Serum pregnancy test 

 Thyroid studies 

 Arterial blood gas analysis 

Serum caffeine concentration determinations do not influence management. 

The following studies may be considered in particular circumstances:  

 Chest radiograph – In patients with chest pain, fever, altered mental status, or respiratory complaints 

 Unenhanced computed tomography (CT) of the head – In patients with seizures or altered mental 

status despite initial resuscitation  

Patients with chest pain, palpitations, tachycardia, or an irregular heart rhythm should be evaluated with 

electrocardiography (ECG) monitoring.  

 

Management  

includes the following: 

 ABCs (airway, breathing, circulation) 

 Management of hypotension 

 Correction of dysrhythmias 

 Management of seizures (with benzodiazepines or barbiturates) 

 Correction of metabolic disturbances (hypokalemia, hyperglycemia, metabolic acidosis) 

 Treatment of prolonged vomiting 

 Decontamination with activated charcoal 

 In rare severe cases, hemoperfusion or hemodialysis 

 

 

 

Cough and cold suppressant and allergy medicines toxicity 

They are widely used and favored by medical professionals and parents. Because these medications are 

available over-the-counter (OTC) and are found in most households, they are frequently implicated in toxic 

ingestions, particularly in children. 



Pathophysiology 

The principal active ingredients in cough and cold medications are antihistamines, decongestants, and 

antitussives.  

Antihistamines 

Antihistamines comprise a broad class of pharmacologic agents that interact with four types of histamine 

receptors. H1-receptor antagonists are used for treatment of allergy and colds. These medicines include the 

first-generation, H1-receptor antagonists (eg, diphenhydramine), which are capable of producing significant 

central nervous system (CNS) effects; and the newer, second-generation, "nonsedating" H1 blockers (eg, 

loratadine).  

H2-receptor antagonists (eg, cimetidine), work primarily on gastric mucosa, inhibiting gastric secretion. 

Newer, experimental antihistamines act on presynaptic H3 receptors and the recently discovered H4 

receptors. Currently, no H3 or H4 receptor antagonists are commercially available. The most commonly 

used antihistamines in OTC preparations are chlorpheniramine, brompheniramine) and diphenhydramine. 

The anticholinergic properties of antihistamine are also responsible for their toxicity. Anticholinergic 

toxicity may manifest as sinus tachycardia, dry skin and mucous membranes, dilated pupils and blurred 

vision, ileus, and urinary retention, central nervous system depression or agitation, and hyperactivity or 

psychosis.  

 

Decongestants 

Decongestants are absorbed readily from the GI tract and attain a high concentration in the CNS. Peak 

plasma concentrations are achieved within 1-2 hours after oral administration.  

Pseudoephedrine, phenylephrine, cause direct presynaptic catecholamine release and may also block 

catecholamine reuptake and influence enzymes to slow catecholamine breakdown. Blood pressure elevation 

often is accompanied by a reflex bradycardia caused by the baroreceptors and results in postural 

hypotension.  

Clinical manifestations of decongestant toxicity result from a direct effect on adrenergic receptors in 

muscles and glands and stimulation of the respiratory center and CNS, and include the following:  

 Bronchodilation 

 Hyperexcitability 

 Restlessness 

 Hallucinations 

 Seizures 

 Psychosis 



 Intracranial bleeding 

Antitussives 

Dextromethorphan (a codeine analog) is the most common used cough suppressant, its a synthetic opioid 

that acts at opiate receptors in the CNS but does not have any of the other effects of typical opiates; it has no 

analgesic and minimal addictive properties.  

Effects of dextromethorphan megadoses (5-10 times the recommended dose) include ataxia, abnormal 

muscle movements, respiratory depression, and dissociative hallucinations.  

The half-life of dextromethorphan is short (typical intoxications last 6-8 h); the mainstay of treatment is 

supportive care. Naloxone has been used with intermittent success to reverse ataxia and respiratory 

depression.  

 

Signs and symptoms 

Abnormal vital signs may include the following: 

 Hyperthermia 

 Tachypnea 

 Tachycardia 

 Hypertension 

anticholinergic effects (typical with antihistamine toxicity) include the following: 

 Mydriasis 

 Nasal dryness and stuffiness 

 Eye dryness 

 Mouth and throat dryness 

 Urinary retention 

 

Cardiovascular findings may include the following: 

 Sinus tachycardia 

 arrhythmia 

 Cardiogenic shock 

 Hypertension 



Abnormal neurologic findings include the following: 

 Dizziness 

 Hyperexcitability 

 Seizures 

 Toxic psychosis (anxiety, agitation, hallucination) 

 Intracranial hemorrhage 

 Coma 

Diagnosis 

An electrolyte panel and a complete blood count are recommended for all cases of possible toxicity. Studies 

in selected patients are as follows:  

 Blood cultures, if the patient is hyperthermic, seriously ill, or the diagnosis of anticholinergic 

poisoning is questionable 

 Chest radiography, if the patient has severe respiratory or CNS depression 

 Head CT scan, in patients with seizures or altered mental status 

 ECG, especially if tachycardia or bradycardia is present 

 Lumbar puncture, if patient has altered mental status or new-onset seizures in the setting of an 

unknown toxic exposure 

Management 

- Gastrointestinal decontamination: activated charcoal is the first-line defense in GI decontamination and 

should be given to the patient if a significant ingestion has occurred within recent hours before presentation. 

Activated charcoal is most effective if administered within 1 hour of ingestion.  

- Cardiac arrhythmia can be managed with the appropriate cardiac medicine. 

- Perform bedside determinations of glucose for patients with altered levels of conscious and treat with 

intravenous dextrose, if appropriate  

- For hypotensive patients, administer a bolus of normal saline or lactated Ringer solution 

- Seizures can be treated with lorazepam.  

- Hyperthermia should be managed by undressing the patient and enhancing evaporative heat loss by 

keeping the skin damp and using cooling fans.  

- Muscle activity and agitation may be diminished with the use of diazepam.  



Vitamin toxicity 

The consumption of vitamins (and minerals) has increased in the past several years due to our interest in 

good health and nutrition, exercise, and preventive medicine.  

Vitamins can be purchased without a prescription in non-pharmacy outlets in dosage strengths that often 

require a prescription when purchased from pharmacy outlets.  

Megadosing  

A vitamin megadose is defined as a dose that is ten or more times the recommended daily allowance (RDA). 

This differs from most “therapeutic formula” which include vitamins at 2 to 5 times the RDA. Most people 

who advocate the use of megadoses report that they personally feel better when these large doses are 

consumed.  

Toxic manifestations of vitamin over ingestion are more commonly seen with the fat-soluble vitamins A and 

D.  

The water-soluble B complex and vitamin C are eliminated in the urine when taken in overdose. While they 

do produce some minor reactions and may be the cause of a drug interaction or modification of a laboratory 

value, these generally cannot be considered to be life-threatening. 

 

Vitamin A  

Mechanisms of  vitamin A Toxicity 

A “retinol-binding” protein in the CNS is involved in transport of the vitamin across lipid membranes. 

Clinical toxicity resulting in hypervitaminosis A occurs when this protein becomes saturated with the 

vitamin. Cellular membranes are thus exposed to unbound vitamin which then causes degradation of the 

membrane structure. This same mechanism may be responsible for the increased cerebral spinal fluid 

pressure that is characteristic of vitamin A toxicity. 

Strong evidence suggests that excessive hepatic levels lead to fibrosis, sclerosis of the central hepatic veins, 

and destruction of sinusoidal spaces with subsequent portal hypertension and ascites. 

Symptoms of  vitamin A toxicity 

Gastrointestinal/ Nausea, vomiting, anorexia, gingivitis, mouth fissures, abdominal cramping. 

Central nervous system/ Headache, irritability and restlessness, fatigue, increased intracranial pressure, 

Neurological symptoms and psychiatric, vision changes, dizziness, 

Skin/ Dry, pruritic skin, rash, alopecia. 

Muscle and joints/  Myalgia; muscle; tender, deep and hard swellings on extremities and occipital 



area of head; joint and muscle pain 

Bone/ Hyperostoses 

Other/  Hepatosplenomegaly, lymph node enlargement, hepatic fibrosis, bleeding, chronic fever, 

hypercalcemia. 

Treatment of vitamin A intoxication includes immediate discontinuation of the substance. Most 

signs and symptoms will disappear within a week or two.  

 

Vitamin D  

Vitamin D is the most toxic of all vitamins. A large number of cases of toxicity has been reported in people 

using vitamin D to treat arthritis, muscle cramps, cold hands and feet, and  to treat various nutritional 

disorders in persons of all ages.  

Mechanisms of Vitamin D Toxicity 

All of the clinically significant problems of vitamin D toxicity are caused by its effect to elevate plasma 

calcium levels. The vitamin, per se, does not elevate calcium. Rather, this is dependent on conversion of 

vitamin D to l,25-dihydroxycholecalciferol. 

Cholecalciferol (vitamin D3) 

                   (liver) 

25-HydroxychoIecaIciferol 

                     (kidney) 

1,25-Dihydroxycholecalciferol 

 

Effect on intestinal epithelium to enhance calcium absorption 

 

Increased plasma calcium levels 

Symptoms of Vitamin D Toxicity 

Hypercalcemia (weakness, fatigue, headache) 

Impaired renal function (polyuria, decreased urinary concentrating ability, proteinuria) 

Deposition of calcium salts in soft tissues 

Hypertension 



Decreased plasma cholesterol 

Osteoporosis, skeletal abnormalities 

Premature hardening of the arteries 

 

Treatment of Vitamin D Toxicity 

Treatment consists of immediately discontinuing the vitamin, reducing calcium intake, administering 

glucocorticoids, and assuring a generous fluid intake. 

 

Vitamin C 

Serious toxicity to vitamin C administration is uncommon. However, numerous untoward effects may occur 

when it is taken in overdose, or by persons susceptible to the vitamin.  

symptoms of toxicity include  

- Interference with urine and stool testing (Cause false-negative reaction with glucose oxidase tests) 

- Decrease absorption of vitamin B12 

- Rebound scurvy following prolonged administration of megadoses 

- Increased urinary oxalate and uric acid 

- Acidification of urine 

- Diarrhea 

 

 

Treatment of vitamin toxicities and adverse effects 

In the majority of cases, vitamin- induced toxicities and adverse effects are best managed by 

discontinuing the vitamin and treating the specific symptoms. 

 

 

 



Non-steroidal anti-inflammatory drugs (NSAIDs) toxicity 

The non-steroidal anti-inflammatory drugs (NSAIDs) are a structurally diverse group of drugs with a 

common mode of action (reversible inhibition of cyclooxygenase). They are extensively used for their 

analgesic, antipyretic and anti-inflammatory properties. 

More than 20 drugs fall under this category. The major effect of all NSAIDs is to decrease the synthesis of 

prostaglandins [by reversibly inhibiting cyclooxygenase (COX)] which leads to decreased pain and 

inflammation.  

Prostaglandins are involved in maintaining GI mucosal integrity as well as regulating renal blood flow and 

both acute and chronic toxicity often involves the GI and renal systems. 

 

Mechanisms of toxicity 

The mechanism of toxicity appears to be as a result of excessive inhibition of COX-1 and subsequent 

reduction in prostaglandin synthesis. 

The metabolic acidosis seen in severe NSAID toxicity is not related to COX inhibition, but to the 

accumulation of acidic metabolites. 

 

Gastrointestinal (GI) adverse effects (nausea, vomiting and epigastric discomfort) occur via two 

mechanisms. Prostaglandin inhibition results in reduced mucus and bicarbonate synthesis, decreased gastric 

blood flow and the promotion of acid production. The NSAIDs are also recognized to be directly cytotoxic 

to the gastric mucosa. 

In chronic use this results in gastrointestinal symptoms, ranging from nausea and mild epigastric discomfort 

to gastric/duodenal ulceration and gastrointestinal hemorrhage. These mechanisms are also responsible for 

the gastrointestinal features seen in acute overdose. 

 

The nephrotoxicity  is related to the vasodilatory effects of prostaglandins on renal arterioles (preservation 

of renal blood flow) and inhibition may result in renal failure.  

 

High anion gap metabolic acidosis is recognized following large overdoses of NSAIDs and occurs due to the 

accumulation of acidic metabolites. 

 

Inhibition of COX-1 also affects platelet aggregation, due to reduced formation of thromboxane-A2. This 

has implications for patients who are receiving concurrent anticoagulant or antiplatelet therapies but also 

produces a theoretical risk of increased bleeding in acute overdose.  

 

Neurological toxicity in acute NSAID overdose will result in drowsiness, confusion, blurred vision, 

headache and tinnitus. 



Management of acute NSAID overdose 

- Ingestion of small amounts of NSAIDs are unlikely to require treatment as most patients develop self-

limiting, mild gastrointestinal effects only.  

- Identification and treatment of patients with massive ingestions who are at risk of significant effects such 

as neurological toxicity, renal impairment, and metabolic acidosis is important. 

- Treatment in symptomatic patients is supportive, as no antidote is available. 

- Activated charcoal should be administered to patients who present within 1 hour of ingestion of a 

significant overdose, in an attempt to reduce absorption. 

- Patients with significant vomiting and/or who are clinically dehydrated should have oral and/or intravenous 

fluid rehydration to maintain renal perfusion and good urine output. 

 - Antiemetics may be required for those with persistent or severe nausea and vomiting. 

- Patients with deteriorating renal function despite supportive medical treatment may require renal 

replacement therapy with hemodialysis or hemofiltration, using conventional indications. 

- Metabolic acidosis will often respond to fluid replacement. However, patients with persistent metabolic 

acidosis may require treatment with intravenous sodium bicarbonate 

- Convulsions should initially be managed with intravenous benzodiazepines 

 

 

 


