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In t r o d u c t I o n 
Rodenticides, commonly referred to as “rat poisons,” are chemical 
agents aimed at eliminating small rodents. The common targets for 
their use are household rodents i.e. rats/mice, squirrels, gophers, 
etc. Controlling rodents is imperative as they are vectors for spread 
of disease, destroy crops/grains, and multiply rapidly.

India being a primarily agrarian country, rodenticides are 
widely used and also freely available. They are available in various 
formulations as powders, pastes, pellets, cereal baits, or blocks. 
Developing a rodenticide has its challenges as rodents do not feed 
on what appears to be toxic to them (primary bait refusal) and do 
not feed twice on what they suspect to be poisonous (bait shyness). 
An ideal rodenticide is one that is highly toxic to rodents in small 
quantities, nontoxic to nontarget species, and avoids bait shyness 
and bait refusal.

Rodenticides are classified based on their toxicity as following 
(refer Table 1):

• Highly toxic: Median lethal dose (LD 50) ranging from 0 to 50 
mg/kg body weight

• Moderately toxic: LD 50 ranging from 50 to 500 mg/kg
• Less toxic: LD 50 ≥ 500 mg/kg

In this review, we shall focus on the three main classes of 
rodenticides, commonly incriminated as agents of poisoning in 
the Indian subcontinent. They include yellow/white phosphorous, 
metal phosphides, and 4-hydroxycoumarin derivatives.

Epidemiology
The global burden of rodenticide poisoning varies from region 
to region. In the United States, as per the American Association 
of  Poison Control Centers, rodenticides accounted for 0.3% of 
2.3 million human exposures as reported to the regional poison 
control centers.1 The most common agents implicated were the 
4-hydroxycoumarins, followed by bromethalin, warfarin, and metal 
phosphides.

In India, however, the common agents implicated are the metal 
phosphides, particularly aluminium phosphide. In a retrospective 
study done in PGI, Chandigarh, aluminium phosphide constituted 
26.1% of all pesticide poisoning from 1990 to 2004.2 The case fatality 
was highest with aluminium phosphide poisoning. However, they 
did note a decline in mortality secondary to this agent over the 
years. The National Poison Information Centre (NPIC) is a round-
the-clock telephone service meant for dissemination of information 
regarding the symptoms and management of various poisonings. 
It is managed by the Department of Pharmacology at the All India 
Institute of Medical Sciences (AIIMS). In a retrospective study, 
data over 13 years were analyzed from the NPIC. Of 14,867 cases 
reported to the NPIC, 17.06% were due to rodenticides.3 They also 

observed a rise in poisonings due to rodenticides as compared to 
organophosphate compounds. Poisoning by household pesticides, 
including rodenticides, superseded those by agricultural pesticides. 
In Southeast Asian and South American countries, consumption of 
yellow phosphorous containing fireworks has been a major cause 
of poisoning.4–6

Mode of Poisoning

• Ingestion—This is the most common mode reported. It may 
be accidental or intentional. Accidental consumption is more 
commonly noted in the pediatric age group.

• Inhalation—This is especially seen with phosphine gas that is 
produced as a result of metal phosphides reacting with water.

• Dermal route—Although very rare, poisoning by this route has 
also been reported.

General Approach to Rodenticide Poisoning
It is important to identify the compound as the clinical manifestations 
and treatment required vary. It is encouraged to contact the 
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Table 1: Classification of rodenticides based on toxicity with examples

Highly toxic agents Strychnine
Thallium
Elemental phosphorous
Metal phosphides
Sodium monofluoroacetate
Arsenic

Moderately toxic agents Alpha-naphthyl thiourea
Cholecalciferol

Less toxic agents Warfarin
Superwarfarins—brodifacoum, 
bromadiolone, chlorophacinone, 
difenacoum, and diphacinone
Bromethalin
Red squill
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National Poison Information Centre, managed by the All India 
Institute of Medical Sciences, which documents and provides 
information regarding management of poisoning round the clock.

The route of ingestion and dose should be enquired; however, 
in cases of deliberate self-harm, this information may be difficult 
to obtain.

Caution is exercised with regards to gastric lavage in metal 
phosphides poisoning as it may lead to further liberation of 
phosphine gas endangering the medical professionals. Activated 
charcoal may be used to retard absorption of the agents.

All patients should be managed in an intensive care unit 
with close monitoring. Clinical manifestations may not be seen 
immediately at presentation and may develop over 48–72 hours.

Yellow Phosphorous Poisoning
Yellow or white phosphorous is a waxy substance and is commonly 
used in fertilizers, fireworks, ammunition, and rodenticide 
preparations. It is known to have a garlic-like odor. RATOL is a 
popular brand of yellow phosphorous freely available in India. It is 
available as pastes containing 2–5% of yellow phosphorous.

Yellow phosphorous poisoning is common in children as the 
paste is mistaken for toothpaste, or bread smeared with this paste 
as bait could be accidentally consumed.7,8

Ingestion of fireworks is another common mode of poisoning 
in Southeast Asia, commonly seen in children and young adults.5

Mechanism of Action
Yellow phosphorous is a protoplasmic toxin affecting the hepatic, 
gastrointestinal, cardiovascular, and renal systems. It is slowly 
absorbed through the gastrointestinal tract, and respiratory mucosa 
and serum phosphorous levels quickly rise post consumption. It is 
believed to affect ribosomal function and protein synthesis and 
cause impaired glucose homeostasis and impaired lipoprotein 
and triglyceride metabolism leading to fatty degeneration of liver, 
kidney, and brain.9,10 Hypocalcemia can also occur due to binding 
of calcium with the excessive phosphorous in the blood.

The lethal dose is around 1 mg/kg11 and fulminant poisoning 
occurs with doses exceeding 1–2 g. Rubitsky and Myerson12 in 
1949 have described three stages through which the clinical 
manifestations progress after ingestion of yellow phosphorus.

In the first 24 hours post ingestion, patients present with mild 
symptoms such as nausea and vomiting due to gastrointestinal 
irritation. In the next 24–72 hours, patients may remain 
asymptomatic. There may be a rise in bilirubin levels and liver 
enzymes at this stage. After 72 hours, they can manifest with acute 
liver failure (ALF), coagulopathy, hypotension, cardiac arrythmias, 
and acute kidney injury. Central nervous system involvement 
occurs as confusion, psychosis, hallucinations, and coma. Hollow 
viscus perforation has also been reported following its ingestion.13 
With regards to hepatobiliary involvement, clinical features range 
from mild transaminitis to fulminant live failure. Luminescent 
feces and vomitus, with or without a garlic-like odor, has also been 
described.11,14 Death occurs usually due to cardiovascular collapse 
or complications of acute liver failure.

Treatment
There is no specific diagnostic test and measuring serum 
phosphorous levels is not entirely useful in estimating the possible 
amount of toxin consumed.15

There is no known antidote for yellow phosphorous poisoning.

Initial treatment includes decontamination and supportive 
therapy.

Gastric lavage with 1:1000 potassium permanganate solution 
is done to retard further absorption as it oxidizes phosphorus into 
relatively less toxic phosphoric acid and phosphates. Lavage with 
saline can also be done.

These patients should be monitored in an intensive care unit 
and followed up with daily liver and renal function tests.

Use of N-acetyl cysteine is well documented for paracetamol 
poisoning and has also been studied in other causes of acute liver 
failure.16,17 Case reports and case series following rodenticide 
poisoning have shown that N-acetyl cysteine may be useful in 
cases of rodenticide-induced ALF but further evidence is needed.18

Liver transplantation has also been done in certain cases of 
ALF.15

Role of intravenous corticosteroids and exchange transfusions 
has been studied.19 Although this study had a small sample size, 
he demonstrated that corticosteroids were not useful and in fact 
may be more harmful in cases of yellow phosphorous poisoning. 
Although some benefit was seen in patients who received exchange 
transfusion for grade IV hepatic encephalopathy, the study was not 
sufficiently powered to establish significance in these cases.

Aluminium and Zinc Phosphide Poisoning
Phosphides are the commonest agent responsible for rodenticide 
poisoning in India. Metal phosphides are commonly used to keep 
grains stored in silos, godowns, or during transport rodent free. 
They react with moisture in the air to release phosphine that is an 
active pesticide by itself. They are popular rodenticides as they 
are highly potent, generally inexpensive, and do not leave toxic 
residue on grains.

They are available as aluminium, zinc, magnesium, or calcium 
salts in the form of tablets, pellets, or discs. Aluminium phosphide is 
available as dark yellow or dark grey crystals, while zinc phosphide 
is a grey crystalline powder.

In developing countries, aluminium phosphide is used 
extensively as a grain fumigant and as a rodenticide. Aluminium 
phosphide toxicity is particularly dangerous when consumed from 
a freshly opened or recently packed container.20 The mortality due 
to zinc phosphide ranges anywhere between 37% and 100%.21

Mode of Poisoning
It can occur through ingestion: accidental or intentional and 
through inhalation of liberated phosphine. The dermal route is 
relatively rare.22 In India, poisoning by phosphides is more often 
due to ingestion rather than accidental inhalation. Close proximity 
to the gas once released is not necessary to cause poisoning as it is 
heavier than air and can travel a certain distance.23

Mechanism of Action
The phosphides react with hydrochloric acid and water to 
release phosphine gas. The reaction is far stronger with acid 
than water. Pure phosphine is usually a colorless and odorless 
gas. Phosphine inhibits cytochrome C oxidase, an essential 
enzyme in mitochondrial oxidative phosphorylation. However, 
it has been noted that this mechanism is demonstrated well in 
vitro, but seen in a lesser extent in vivo in humans and rodents.23 
Other possible mechanisms have been studied. It is postulated 
that phosphine affects the mitochondrial morphology, inhibiting 
oxidative respiration, and causes a severe drop in mitochondrial 
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membrane potential following exposure. Phosphine reacts with 
hydrogen peroxide to form the highly reactive hydroxyl radical 
that causes lipid peroxidation leading to oxidative damage of 
cellular membranes and cell death.22,23 Lipid peroxidation can 
occur due to direct inhibition of catalase and peroxidase. It also 
causes denaturation of enzymes involved in cellular respiration 
and metabolism. Interestingly, it has been noted to inhibit 
cholinesterases in vitro; however, the clinical relevance of this 
mechanism is questionable.24 The metal moiety of the compound 
can also contribute to toxicity indirectly.

Toxikinetics
Once phosphine is released in the stomach, it is rapidly absorbed 
from the gastrointestinal tract, enters the bloodstream, and reaches 
the liver, kidney, and brain. Most of the phosphine is excreted 
unchanged by the lungs while some of it is changed to phosphite 
and hypophosphite ions that are excreted in urine.

In vitro it has been seen to bind with hemoglobin irreversibly 
to form hemichrome, a methemoglobin derivative.

Clinical Features
Manifestations of phosphide toxicity appear rapidly, usually 
presenting within 30 minutes following exposure. Early features 
include nausea, vomiting, and epigastric pain due to the corrosive 
nature of phosphides. There may be a garlic odor in the breath 
of these patients. Phosphine gas emitted from emesis and feces 
of affected patients can pose to be harmful for the treating 
team and should be handled and discarded with appropriate 
precautions.

These features are rapidly followed by circulatory collapse, 
hypotension, myocarditis, pericarditis, acute pulmonary edema, 
and congestive heart failure.

Echocardiography in these patients often reveal global 
hypokinesia of the left ventricle and depressed ejection fraction. 
ST–T changes and arrythmias are seen on the electrocardiogram. 
Acute renal failure, jaundice, transaminitis progressing to acute 
liver failure, and disseminated intravascular coagulation are 
also common. Following inhalation, chest tightness, headache, 
giddiness, lethargy, convulsions, and delirium may be seen. 
Circulatory failure is an important cause of death.

Studies have observed increased or decreased serum 
magnesium levels post poisoning with aluminium phosphide.25 
However, some studies have shown that magnesium levels may 
be normal post poisoning.26

Hypokalemia and hypoglycemia can also occur frequently 
post poisoning.

Treatment
There is no known antidote for the treatment of phosphide 
poisoning. Treatment is mainly supportive. Owing to its predilection 
for multiorgan failure and associated high mortality, these patients 
are best managed in an ICU.

Decontamination
Gastric lavage is controversial in cases of phosphide poisoning 
as it can increase the rate of disintegration of the pesticide and 
increase toxicity.23

Vegetable oils, especially coconut oil for lavage, have been used 
in some case reports but there is insufficient evidence to back their 
use.27,28 The use of vegetable oils has been postulated to reduce 
release of phosphine.

Similarly several reports have suggested the use of potassium 
permanganate for gastric lavage,23 although the evidence to back 
its use is lacking.

Activated charcoal is beneficial to reduce toxicity due to metal 
phosphide ingestion.

In case of poisoning through the inhalational route, the victims 
should be removed from the contaminated site and supplemental 
oxygen should be given if necessary.

Supportive Treatment
These patients should be monitored in an intensive care unit and 
closely observed daily for organ dysfunction. Treatment included 
mechanical ventilation, organ supportive therapy, use of vasoactive 
drugs, and correction of dyselectrolytemia and hypoglycemia 
when indicated.

N-acetyl cysteine is now being used as a part of treatment 
regimens for ALF due to phosphide poisoning; however, a definite 
benefit on mortality is yet to be proven.

Liver transplant has also been done in patients progressing 
to ALF.

There are also experimental animal studies attempting to 
use pralidoxime for treatment. Although mean survival time has 
been seen to have increased in rats administered with 10 mg/kg 
of aluminium phosphide, studies are needed to study its benefit 
in humans.29

co u m a r I n s 
Much before warfarin was used in humans as an anticoagulant, it 
was used by a biochemist named Karl Link and his colleagues as a 
rodenticide in 1948.30

Coumarins come closest to being an ideal rodenticide in that 
they are colorless, odorless, less toxic to nontarget species, and an 
antidote is available in case of accidental consumption.

Interestingly, Joseph Stalin, whose death remains a mystery, 
was thought to have been poisoned by warfarin.

Coumarins are hepatotoxic in rats; however, the toxicity is much 
less in humans.

Rodents quickly developed resistance to warfarin and by 
the 1970s newer compounds were developed. They include 
the 4-hydroxycoumarins and the indanedione derivatives, 
chlorophacinone, and diphacinone.

The second generation of  the 4-hydroxycoumarin class of 
anticoagulants has been used as rodenticides due to their longer 
presence in the body and high potency, and are commonly referred 
to as “superwarfarins” or “long-acting” anticoagulant rodenticides 
(LAARs).

They include brodifacoum, difenacoum, bromadiolone, and 
flocoumafen.

Of these, brodifacoum is the most common active ingredient 
in commercially available rodenticides in the United States and is 
usually found in a 0.005% concentration.

Brodifacoum is 100 times more potent than warfarin with 
respect to anticoagulant effects.31

The median lethal dose is found to be 0.12–0.172 mg/kg via 
the oral route.32

Mechanism of Action
4-Hydroxycoumarin acts by inhibiting the activity of hepatic vitamin 
K1 epoxide reductase, the enzyme involved in the regeneration 
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of the active form of vitamin K, and thus preventing the gamma 
carboxylation of vitamin K-dependent blood clotting factors II 
(prothrombin), VII, IX, and X (see Fig. 1).

Routes of Exposure
Poisoning can occur through ingestion and rarely through 
inhalation or transcutaneous exposure.

Most poisoning cases are intentional; however, in children 
accidental ingestion is more common. They are frequently available 
as pastes or brightly colored baits mixed with cereal, which can 
be mistaken as nontoxic food. The Environmental Protection 
Agency has included addition of bitterants and indicator dyes to 
all anticoagulants to limit toxicity.33

Poisoning via the inhalational route has been reported in cases 
where cocaine and marijuana laced with superwarfarins are inhaled. 
The reason for doing so is that the metabolism of drugs of abuse 
is slowed by saturation of liver enzymes by the superwarfarins.34

The transdermal route is rare and there are case reports of 
bleeding diathesis following spillage of diaphacione over skin or 
clothing.35

Clinical Manifestations
The evidence of coagulopathy occurs 24–48 hours post consumption 
once all the coagulation factors are depleted below 30% of normal 
(see Table 2).

It can also be delayed by hours to weeks depending on the nature 
of poisoning and dose. Mild-to-severe life-threatening hemorrhage 
can occur, which include mucocutaneous, gastrointestinal, 
genitourinary, and intracranial bleeds. These include epistaxis, 
hematuria, gastrointestinal bleeding, spontaneous ecchymoses, 
and hematomas. Intracranial bleeds are associated with a high 
mortality.34

Paradoxical thrombosis has also been reported following LAAR 
toxicity. This has been attributed to depletion of Protein C and 
Protein S, leading to an procoagulant state before other clotting 
factors are depleted. Cases of deep vein thrombosis and intracranial 
thrombosis have been reported as manifestations following LAAR 
poisoning.34

The half-life of brodifacoum is 16–34 days as compared to 
warfarin that has a half-life of 17–37 hours. Brodifacoum has been 
known to persist for 16–270 days post acute exposure. It has also 
been noted that even though serum levels may be low, the toxin 
may remain in the hepatic tissue, causing a persisting inhibition of 
vitamin K epoxide reductase.34

Diagnosis
Laboratory evidence of deranged prothrombin time (PT) and 
international normalized ratio (INR) commonly occurs 48 hours post 
exposure and can last for several days depending on the compound 
consumed. By the time the patient presents, PR and activated partial 
thromboplastin time (aPTT) are universally prolonged. Factor levels 
assays for factors II, VII, IX, X, and V can also be performed to help 
establish the diagnosis. These tests only indicate a possibility of 
LAAR poisoning. A high degree of suspicion is needed especially if 
not other cause for the coagulopathy is found. Delay in diagnosis is 
common especially in cases of unintentional consumption.

C o n f i r m a t i o n  c a n  b e  d o n e  b y  m e a s u r e m e n t  o f 
4-hydroxycoumarin levels in blood using high-performance liquid 
chromatography with tandem mass spectrometry.36 However, this 
may not be feasible always as this test is not available in most setups.

Treatment
The treatment is predominantly vitamin K supplementation. Fresh 
frozen plasma or prothrombin complex concentrates are needed 
in case of active bleeding.

Treatment with vitamin K maybe needed for several days to 
months. In a literature review, vitamin K supplementation was given 
from 28 to up to 730 days.37

Vitamin K-dependent clotting factors begin to increase within 
6–8 hours post treatment. There is no clear consensus on the right 
dose to use. The initial dose of vitamin K used has varied from 0.1 
to 3 mg/kg/day and doses as high as 500–800 mg/day have also 
been used.34 Anaphylactic reactions can occur following vitamin 
K administration.

Misdiagnosis of these patients is common especially if they 
are initially asymptomatic. Children are often misdiagnosed to 
have hemophilia. Poisoning should be suspected in patients with 
prolonged multisite hemorrhage and with elevated PT and PTT, 
no signs of disseminated intravascular coagulation, and with no 
cause for factor inhibitor.

Patients need to be closely monitored following exposure for 
any signs of bleeding with daily follow-up PT/INR and PTT levels.

Therapeutic plasma exchange has also been studied in LAAR 
poisoning. Brodifacoum has a high protein binding and low 
volume of distribution, which makes it ideal for removal by plasma Fig. 1: Mechanism of action of anticoagulant class of rodenticides

Table 2: Mean half-lives of vitamin K-dependent coagulation factors38

Coagulation factor Mean half-life (hours)
II (prothrombin) 41
VII 6.2
IX 13.9
X 16.5
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exchange. Studies have shown benefit of therapeutic plasma 
exchange in children following an anaphylactic reaction to vitamin 
K administered for brodifacoum poisoning.31

co n c lu s I o n 
Rodenticide poisoning is an important health problem with a high 
case fatality rate especially with metal phosphides. Easy availability, 
over the counter or on e-commerce websites, and a lack of antidotes 
for rodenticides in our country pose an important health problem. 
Improving public awareness regarding their lethality and strict 
monitoring of sales and usage of rodenticides could help to avoid 
indiscriminate use and poisoning. The LAAR toxicity should be 
suspected especially in unexplained prolonged coagulopathy with 
no other incriminating cause.
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