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Abstract
Anticoagulant rodenticides (AR) are among the most commonly used rodent control pesticides. The current second-generation
rodenticides in worldwide use are referred to as superwarfarins.
These substances have relatively low toxicity to humans but significant toxicity to animals, including pets.
AR work at the level of hepatocytes by blocking the synthesis
of plasma coagulation factors II, VII, IX, and X as well as proteins
C, S, and Z, resulting in severe coagulation disorders predominant
in the clinical picture.
Deaths associated with AR poisoning are the result of haemorrhages into the gastrointestinal tract, peritoneal cavity, or intracranial cavities.
Medico-legal diagnosis of AR poisonings is based on the clinical picture, autopsy, and histopathological and toxicological examinations.
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امل�ستخل�ص
مبيدات القوار�ض امل�ضادة للتخرث هي من بني مبيدات الآفات الأكرث
 وي�شار �إىل اجليل الثاين احلايل من مبيدات.ا�ستخداما ملكافحة القوار�ض
ً
.القوار�ض امل�ستخدمة يف جميع �أنحاء العامل با�سم الورافريينات الفائقة
هذه املواد لها �سمية منخف�ضة ن�سبي ًا للإن�سان ولكنها ذات �سمية كبرية
. مبا يف ذلك احليوانات الأليفة،للحيوانات
 على م�ستوى خالياARs تعمل مبيدات القوار�ض امل�ضادة للتخرث
VII  وII الكبد عن طريق منع ت�شييد عوامل جتلط الدم يف البالزما وهي
 ما ي�ؤدي �إىل ا�ضطراباتZ  وM  وS  وC  وكذلك الربوتيناتX  وIXو
.جتلط دم �شديدة تتبلور يف ال�صورة ال�سريرية
وترتبط الوفيات املتعلقة بالت�سمم مببيدات القوار�ض امل�ضادة
 بالنزيف يف اجلهاز اله�ضمي �أو يف التجويف الربيتواين �أو يفAR للتخرث
.التجاويف داخل اجلمجمة
ويعتمد الت�شخي�ص الطبي القانوين حلاالت الت�سمم مببيدات
 على ال�صورة ال�سريرية والت�شريحAR القوار�ض امل�ضادة للتخرث
.وفحو�صات الأن�سجة وال�سمية

 مبيدات، م�ضادات التخرث، علوم الأدلة اجلنائية:الكلمات املفتاحية
. الإن�سان، الت�سمم،القوار�ض
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1. Introduction

Munchausen syndrome to self-induce disease symptoms.

compounds are the most common type of poisoning in hu-

ing and haematuria with simultaneous indeterminable pro-

In some parts of the world, poisonings with biocidal

mans. An important subgroup of this group of compounds

are rodenticides. Some countries such as Iran, India, Bangladesh, and Jordan use phosphide derivatives, e.g. alumin-

ium phosphide [1], whereas European countries and the US
use anticoagulant rodenticides (AR).

The first AR put on the market was warfarin [2]. After

several years of exposure to warfarin, rodents developed
almost complete resistance to this compound. This immu-

nity emerged as a monogenic, autosomal dominant trait
[2,3]. It became necessary to produce rodenticides to which
animals would be susceptible. This led to the synthesis of

so-called superwarfarins (second-generation rodenticides).

These compounds are divided into indanedione derivatives
(chlorophacinone, diphacinone, pindone) and 4-hydroxycoumarins (brodifacoum, difenacoum, bromadiolone, coumatetralyl, flocoumafen, difethialone). In the country of

the authors, all second-generation rodenticides as well as
warfarin-based rodenticides are available [3], of which the

most commonly used are 4-hydroxycoumarin derivatives.
AR poisonings in humans occur most often by the oral

route and much less frequently percutaneously in the case
of mass exposure (farmers, producers) [4]. Some animals

(rabbits, guinea pigs) can absorb a large amount of poison through the skin, which leads to acute poisoning [2].

Once absorbed into the body, AR quickly get into the liver

During the first hospitalization, the patient had nasal bleedthrombin time (PT) (increased international normalized
ratio [INR]) and prolonged activated partial thromboplas-

tin time (APTT). Over the course of two years, the patient
was hospitalized dozens of times, presenting symptoms of

haemorrhagic diathesis (nosebleeds, haemorrhages in the
tongue region, numerous ecchymoses, bleeding from the
gastrointestinal tract, intramuscular haemorrhages). Labo-

ratory tests revealed prolonged APTT and reduced concentrations of prothrombin, factor VII, factor IX, factor X,

and proteins C and S with normal values of factor V. The
patient underwent genetic, radiological, and ultrasound

testing, computed tomography, magnetic resonance imaging, bone scintigraphy, positron emission tomography, and

tumour marker determination. After the last hospitalization

in the intensive care unit due to acute respiratory failure

and massive haemorrhage of the lower respiratory tract,
the authors of this article were consulted. Our analyses us-

ing ultra-performance liquid chromatography–photodiode
array detection (UPLC-PDA) and liquid chromatography–
tandem mass spectrometry (LC-MS/MS) showed the pres-

ence of brodifacoum in the blood of the patient at a concentration of 544 ng/ml [5]. AR could be used by in-patients
with Munchausen syndrome by proxy. It was described by
Babcock et al. [16].

Poisonings with AR are more severe in animals than

where they bind to hepatocytes. AR inhibit the activity of

in humans. This is probably due to the greater sensitivity

carboxylation process. This results in impaired synthesis of

ings in animals are either accidental (eating an attractive-

the vitamin K 2,3-epoxide reductase and thus the gammafunctional plasma coagulation factors II, VII, IX, and X as

well as proteins C, S, M, and Z. In addition, there is an increase in the concentration of inactive vitamin K 2,3-epox-

ide [5]. This effect may persist for a very long time, i.e. for
weeks or even months after taking a single dose of poison.
Due to their almost unlimited availability, AR can also

be used for other than their original purpose. They are
characterized by relatively low acute toxicity to humans;

therefore, suicide attempts with their use are usually ineffective. Laszkowska-Lewko et al. [5] reported an unusual

case of the use of AR by a female patient with suspected

of animals to this group of chemical compounds. Poisonlooking food) or intentional (administration of rat poison in

sausages or other meat products). Severe anticoagulant ro-

denticide poisonings in dogs, unlike in humans, most often
have an acute or hyperacute course and lead to the death of
the animal [4]. Nicpoń et al. reported the case of a dog admitted to the Clinic of Diseases of Horses, Dogs and Cats

because of intense haematemesis and persistent bloody diarrhoea. The gastroscopy showed haemorrhagic gastritis

and a large amount of blood in the gastrointestinal lumen.
At the same time, features of acute toxic liver damage were
observed (unlike in humans). The animal died during a
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convulsive seizure that did not respond to diazepam. The

woman with brodifacoum. The concentration of this com-

bloody fluid in the peritoneal and pleural cavities, and the

by high-performance liquid chromatography - HPLC), and

autopsy showed ecchymoses in mucous membranes and

pericardial sac. The lumen of the stomach and intestines
was filled with a lot of fresh and coagulated blood. His-

topathological examination revealed massive congestion
of internal organs, blood cell aggregates in blood vessels

of the lungs and myocardium, and haemorrhagic hepatic
necrosis. Toxicological testing found brodifacoum in blood
[3].

Medico-legal diagnosis of AR poisonings is complex

and based on several elements: clinical picture and results

of laboratory medical diagnostics (hemostasis parameters),
autopsy picture, histopathological picture, and toxicologi-

cal test results (determination of AR in biological samples).
The clinical picture, if available to a forensic specialist, is

pound 5 days after admission was 1.302 ng/ml (determined
the authors observed a gradual decrease in this concentra-

tion over the following days. Brodifacoum can be detected
in the blood of a patient until 209 days after poisoning [9].
In their study, brodifacoum was determined in biological
material with the HPLC method. A similar method with

fluorescence detection was used by Palmer et al., who de-

scribed a case of fatal brodifacoum poisoning in a 15-yearold girl. The highest concentration of brodifacoum was
found in bile (4276 ng/ml) and femoral blood (3919 ng/

ml); brodifacoum was also found in frozen liver (50 ng/g)
and in formalin-fixed liver (820 ng/g). The substance was
not found in the vitreous body of the eye [7].

Mass spectrometry-based methods, well-established

very diverse. In the case of mild poisonings, the only symp-

in forensic toxicology, are also useful in the diagnosis of

pathological symptoms. Moderate poisonings are associat-

for determining bromadiolone using liquid chromatogra-

toms may be minor nosebleeds or complete absence of
ed with haemorrhages in mucous membranes, ecchymoses,
nosebleeds, bleeding from the upper gastrointestinal tract,
haematuria, and haemoptysis. The most serious symptoms

include intracerebral haemorrhage and massive bleeding

from the genital or respiratory tracts. There have been reports of fatal poisonings accompanied by, among others,
bleeding into the pleural cavity (difenacoum poisoning)

[6], massive pulmonary haemorrhage (brodifacoum poi-

soning) [7], and subarachnoid haemorrhage (brodifacoum
poisoning) [8]. The clinical picture of AR poisoning can
be very ambiguous and resembles leukaemia or infectious

diseases such as bacterial sepsis, rickettsioses, plague, and

leptospirosis [7]. In clinical laboratory studies, even mild
poisonings show an increase in the INR value, while in severe cases, patients develop severe disorders with a defi-

ciency of the prothrombin complex factors (II, VII, IX, X,
proteins C, S, Z, M) [2].

The half-life of AR is usually very long, e.g. for brodi-

facoum it is 56 days, while for bromadiolone it is 3.5 days
in the rapid elimination phase and 24 days in the slow elim-

ination phase [10]. Consequently, these substances can be

detected in the blood of the patient for many months after
poisoning. Olmos et al. described a case of poisoning of a

AR poisonings, e.g. Vindenes et al. developed a method
phy-mass spectrometry (LC-MS). In their study, the deter-

mined limit of detection (LOD) was 5 ng/ml and the limit
of quantification was 10 ng/ml. [11]. Yan et al. used the

liquid chromatography-electrospray-tandem mass spec-

trometry (LC-ESI/MS/MS) technique to determine bromadiolone and brodifacoum with LOD at, respectively, 0.1

ng/ml and 0.2 ng/ml [12]. In their review article, Imran M
et al. indicate the possibility of diagnosing AR poisonings
with such methods as HPLC coupled with ultraviolet and

florescence detectors, liquid chromatography–electrospray
ionization–tandem mass spectrometry, liquid chromatogra-

phy with high resolution tandem mass spectrometry, ultraperformance liquid chromatography–mass spectrometry,

gas chromatography–mass spectrometry, ion chromatog-

raphy with fluorescence detection, ion chromatography–

electrospray ionization–ion trap mass spectrometry, and
ion chromatography–electrospray ionization–tandem mass
spectrometry [13]. The toxic concentrations of AR are (in
mg/L in blood): 0.1 for chlorophacinone, 0.02 for brodifa-

coum, 0.5 for difenacoum, 0.12 for coumatetralyl and 0.02

for bromandiolone [17]. It should be kept in mind that a

negative result of the toxicological blood test does not rule
out poisoning with these compounds. AR rapidly penetrate
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hepatocytes, where they cause pathobiochemical changes
for many months after poisoning. In that case, blood concentration of AR will be below the LOD.

Thanks to the long half-life of AR, their determination

in parts of the liver of birds of prey and water birds allows
to assess their exposure to AR and thus determine the im-

pact of these substances on the food chain [14, 15]. The results of Thomas et al. [14] show that livers of great horned

owls contain larger amounts of AR residues than the liv-

ers of red-tailed hawks, which may be associated with a
slightly different diet and occupied territory. This type of
research highlights the difficulty in eliminating the risk of
exposure to AR of non-target species.

Diagnosis of AR poisoning in animals is based primar-

ily on the clinical picture or, in the case of the death of
the animal, on the autopsy or histopathological changes.

Laboratory testing does not routinely include coagulation
or toxicological tests. Due to the unavailability of advanced

analytical methods in veterinary toxicology, determination
of AR is usually carried out by thin-layer chromatography
(TLC) [3].

2. Conclusion

AR poisoning is a problem observed around the world.
AR poisoning can be accidental, suicidal or as a result of
disease development (Munchausen syndrome). Modern analytical methods used in a toxicology laboratory allow the
detection of these substances in biological material, which
increases the chances of correct diagnosis of poisoning.
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