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The objective of this work was to determine the number of diagnosed cases of warfarin, used to control or combat 

"pests" (rodents), in order to highlight the importance of the proper use and application of this substance at the 

agricultural and even domestic level. There was a total of 21 samples, which corresponded to: Liver, gastric con-

tent, and prepared baits, sent to the Toxicology area of the Center for Research and Advanced Studies in Animal 

Health (CEISA), in the period 2015-2018, the determination of warfarin was carried out through thin layer chro-

matography, and the descriptive method was used to report the results. The percentage of positivity to warfarin in 

the study period was 71.41 %. The largest number of samples were livers (14 samples), of which 10 (47.61 %) 

were positive; followed by gastric content with 3 positives (14.28 %), and prepared baits (pieces of chicken meat, 

sausages, and ham) with 2 (9.52 %). In the applications per year, in 2017 and 2018 they increased, with 6 and 9 

cases, of which 5 and 7 were positive for warfarin (23.81 and 33.33 %), respectively, 3 samples (livers) were 

collected and sent from the autopsy area of CIESA, where evidence of lesions suggestive of warfarin intoxication 

was shown. Under the conditions of occurrence and presentation of cases of warfarin poisoning, it is necessary to 

regulate the commercialization not only of rodenticides, but of all agricultural products that are currently commer-

cialized, to minimize the risk of poisoning in the different animal species and even to avoid the harmful effect on 

public health and the environment. 
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In  

El objetivo del presente trabajo fue determinar el número de casos diagnosticados de warfarina, empleada para el 

control o combate de “plagas” (roedores), con la finalidad de remarcar la importancia del adecuado uso y aplicación 

de esta sustancia a nivel agropecuario e incluso doméstico. Un total de 21 muestras, las cuales correspondieron a: 

hígado, contenido gástrico y cebos preparados, enviados al área de Toxicología del Centro de Investigación y 

Estudios Avanzados en Salud Animal (CIESA), en el periodo 2015-2018, la determinación de warfarina se realizó 

a través de cromatografía en capa fina, y para el reporte de resultados se usó el método descriptivo. El porcentaje 

de positividad a warfarina en el periodo de estudio fue del 71.41 %. El mayor número de muestras fueron hígados 

(14 muestras), de las cuales 10 (47.61 %) resultaron positivas; seguidos del contenido gástrico con 3 positivas 

(14.28 %), y los cebos preparados (piezas de carne de pollo, salchichas y jamón) con 2 (9.52 %). En las solicitudes 

por año, en el 2017 y 2018 se incrementaron, con 6 y 9 casos, de los cuales 5 y 7 fueron positivos a warfarina 

(23.81 y 33.33 %), respectivamente, 3 muestras (hígados), fueron colectados y enviados del área de necropsias del 

CIESA, en donde se mostró la evidencia de lesiones sugestivas de intoxicación por warfarina. Bajo las condiciones 

de ocurrencia y presentación de los casos de intoxicación por warfarina es necesario regular la comercialización 

no solo de rodenticidas, sino de todos los productos agropecuarios que se comercializan actualmente, con el objeto 
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de minimizar el riesgo de intoxicación en las diferentes especies animales e incluso para evitar el efecto nocivo en 

salud pública y al ambiente 
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Introduction 

 

Currently in different spaces such as the agricultural 

and even domestic industry, the use of so-called ro-

denticides is required, defined as biocidal products 

used for the control of rodents, substances that are 

specifically designed for the elimination of rodents1,2. 

However, since these animals generally share the en-

vironment with humans, other mammals and a vari-

ety of birds, the risk of accidental poisoning can oc-

cur with the placement of rodent baits2,3, in addition, 

due to the abuse in the use of these products, rodents 

have been developing resistance to rodenticides, 

therefore, at a commercial level, new rodenticides 

with a higher toxic potential have been generated and 

produced, so appropriate criteria are required. and 

correct use of these substances, since in some cases 

the induction of an intoxication process in dogs is 

mainly caused deliberately4,5. 

Warfarin is an oral anticoagulant substance used in 

medicine to prevent the formation of thrombi and 

emboli, inhibits the production of vitamin K-depend-

ent clotting factors, reducing the ability of blood to 

clot. It is derived from the natural anticoagulant my-

cotoxin dicoumarol found in sweet clover. Couma-

rins and their derivatives are used as rodenticides for 

the control of rodents in residential, industrial, and 

agricultural areas6, it is an odorless, colorless and 

tasteless product, which is why it is effective when 

used4,5,7. 

With the discovery of warfarin, the appearance and 

overuse of other anticoagulants such as rodenticides,  

 

 

an attempt has been made to increase its efficacy and 

safety in rodent control programs, due to its slow ac-

tion, the existence of an antidote-to for chronic action 

rodenticides and to reduce the use of poisons with 

acute effects, due to the danger they imply from han-

dling to application or use8,9. 

The so-called coumarins, derived from 4-hy-

droxycoumarin, most commonly used are warfarin 

and acenocoumarol. In humans, warfarin was used 

since 1960 for the treatment of thrombotic disorders 

or oral anticoagulants, as a synthetic derivative of 

coumarin, it exhibits a competitive action against vit-

amin K and inhibits the synthesis of the enzyme 

epoxide reductase-Vitamin K-dependent coagulation 

agents (II, VII, IX, and X)10. 

Warfarin (coumadin) substance of short duration, 

used in the manufacture of rodenticides. It can be pre-

sented in a solid or powder crystalline form, slightly 

soluble in water, its acute toxicity for humans LD50: 

500-5000 mg/kg, acts by disturbing the normal 

mechanisms of blood clotting in both humans and an-

imals11. 

Warfarin is a racemic mixture of two optically active 

isomers (enantiomers): form (S and R), S is five 

times more potent as a vitamin K antagonist than the 

R form. Warfarin does not act in the circulation, but 

in the liver and acts only in vivo, which is why it is 

considered an indirect coagulation precursor, unlike 

heparin, which acts in vivo and in vitro as a direct 

anticoagulant agent. It has no action on a thrombus 
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and its effect is not immediate, but it prevents new 

thrombi from continuing to form or from becoming 

more extensive. The metabolism of this substance is 

carried out through the enzymatic system of the cy-

tochrome P450 subfamily (CYP2C9), whose muta-

tions are decisive in the therapeutic response to war-

farin5,12. 

The binding of warfarin to proteins is 99 %, there-

fore, it is decisive in drug interactions, since only the 

free fraction is active. Its anticoagulant properties are 

enhanced with some drugs because albumin has the 

property of being occupied and displacing the sub-

stance, as well as those drugs dependent on cyto-

chrome P450, in the same way, they would have ef-

fects on its plasma concentration8,13. 

The objective of this work was to determine the num-

ber of diagnosed cases of warfarin, used for the con-

trol or combat of rodent pests, and in which poison-

ing problems are often observed in domestic animals 

such as dogs, with the aim of to highlight the im-

portance of the proper use and application of this sub-

stance at the agricultural and even domestic level. 

 

Materials and methods 

 

For the present study, 21 requests were used - clinical 

records (of liver samples, prepared baits, and gastric 

content), sent to the toxicology area of the Center for 

Research and Advanced Studies in Animal Health 

(CRASAS) of the Faculty of Veterinary Medicine 

and Zootechnics (FVMZ), in the period 2015-2018, 

in order to detect the presence of warfarin given the 

conditions or appearance of the baits or preparations 

in a suspicious way on the premises or symptoms ob-

served and referred by the owners in some intoxi-

cated dogs (pale mucous membranes, epistaxis, and 

melena) where some of these were said to have died. 

By combining the information from the toxicology 

area (clinical histories/report of the results of the 

cases), as well as samples sent to the area (where the 

processing for the diagnosis was participated in), the 

report was carried out as follows. as complete as pos-

sible, with the understanding that some cases initially 

passed through the autopsy area and photographic 

evidence of lesions suggestive of warfarin intoxica-

tion could be obtained. 

Determination of warfarin by thin-layer chromatog-

raphy. Chromatography is a method of analysis and 

separation of the various components of a substance, 

based on the different distribution of these compo-

nents in two phases, the stationary phase (silica gel) 

and the mobile phase (warfarin developer). to sepa-

rate and move through the stationary phase, for the 

analysis 25 g or 25 mL of sample (liver, stomach con-

tent, or whole blood) are required, which through the 

addition of different substances (acidified ethyl alco-

hol, ether, distilled water, 1 % sodium pyrophos-

phate, 4 N sulfuric acid and anhydrous sodium sul-

fate) the analyte is separated and obtained in the an-

alyzed sample, it is evaporated to dryness at an ap-

proximate temperature of 40 ºC, is resuspended with 

500 µL of ether and applied to the thin layer chroma-

tography plate 10, 20 and 50 µL of the sample, as 

well as 10, 20 and 50 µL of warfarin standard. The 

plate is developed with the specific developer and be-

fore the developer reaches 2 cm from the upper edge 

of the plate it is removed and allowed to dry at room 

temperature. Subsequently, it is observed with the 

UV light lamp in a dark room, recording the retention 

factor (RF) of the spots that appeared14. For the report 
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of results, the descriptive method was used (tables 

and figures)15. 

 

Results 

The percentage of positivity to warfarin of the sam-

ples sent in the study period was 71.41 % (table 1). 

 

Table 1 Type of samples and positivity to warfarin (%) 

 

Type of sample Number Percentage Positive for warfarin Percentage of positives 

Liver 14 66.66 10 47.61 

Gastric content 5 23.81 3 14.28 

Prepared baits 2 9.52 2 9.52 

Total 21 100 15 71.41 

The highest number of samples sent corresponded to 

livers with a total of 14 samples, of which 10 (47.61 

%) were positive for warfarin, followed by gastric 

content with 3 positive (14.28 %), and the prepared 

baits (pieces of meat from chicken, sausages, and 

ham) with 2 (9.52 %). 

Of all the cases, the samples were related to the dogs, 

which the owners transferred to the laboratory, due 

to the occurrence of “sudden” death of the animals or 

the appearance of suspicious material (baits) that 

were placed or “thrown” ”To the places where the 

animals are usually found (corrals, backyard, or 

found on the street or in someplace close to the hab-

itat of a dog), the requests for toxicological analysis 

per year, although it is numerically varied, in the 

2017 and 2018 increased, with the request of 6 and 9 

cases, of which 5 and 7 were positive for warfarin 

(23.81 and 33.33 %), respectively (table 2). 

 

Table 2 Number of cases requested per year for warfarin detection 

 

Year Number of samples Warfarin positive samples Percentage of positive samples 

2015 3 2 (66.66 %) 9.52 

2016 3 1 (33.33 %) 4.76 

2017 6 5 (83.33 %) 23.81 

2018 9 7 (77.77 %) 33.33 

Total 21 15 71.41 

Of the particular requests for samples sent to the tox-

icology area, 3 of them (livers) were collected and 

sent from the CRASAS autopsy area, where evidence 

of lesions suggestive of warfarin intoxication was re-

ported (figure 1). 

In one of the cases where the diagnosis of warfarin 

positivity was made in the liver of a dog (a 3-year-

old female, weighing 30 kg), reporting prostration, 

vomiting with a crystalline foamy appearance, and 

that finally died. The pathological study revealed 

pleural and pericardial adhesions, Petechial and sub-

epicardial ecchymotic hemorrhages in atria and 

blood vessels (figure 1 and 2), right ventricular dila-

tion (figure 3), hepatomegaly, hemorrhagic gastroen-

teritis, multiple hemorrhages in internal organs: lung, 

heart, liver, kidney, stomach, and intestine (figures 4 

and 5). 
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Figure 1 Dog dissection in necropsies room. Neck ventral region and, subcutaneous tissue hemorrhagic pectoral and, 

uncoagulated blood (yellow arrow) 

 

 
 

 

  
Figure 2 Ventral region thoracic cut. Pleural and,  

pericardial adherence was observed in the sternum,  

equimotic hemorrhages in the pericardic zone 

Figure 3. Heart surface. Petechial and sub-pericardial 

equimotic hemorrhages were observed in atriums and 

blood vessels 

 

Discussion 

 

According to the percentage of positivity to warfarin, 

it is considered that this value was high and that it 

determines the inappropriate or excessive use for the 

"control" of rodents, this because if there were proper 

management and placement of baits or prepared for 

harmful fauna, there would be no cases affecting spe-

cies such as dogs or cats. In particular, in the cases 

that are reported, animals can be accidentally poi-

soned by ingestion of baits and/or dead rodents con-

taminated with warfarin7,16-20. Under this condition, 

in animals that consume this substance circumstan-

tially, the clinical signs observed occur during the 

following days depending on the dose or quantity in-

gested, and they present subcutaneous hematomas 

and epistaxis4,11,13,16,17,21. 
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In the reports by Werner22 and Jiri23, it is mentioned 

that in the process of intoxication by anticoagulant 

rodenticides, especially in dogs and cats, the typical 

clinical signs reported are: depression, weakness, and 

pale mucous membranes, which are due to 

 

hemorrhages, usually within body cavities, or to dys-

functions of one or several organs caused by 

hypovolemia, and it is feasible to observe, although 

less frequently, mucosal hemorrhages. 

 

  
Figure 4 Small intestine. With hemorrhagic enteritis Figure 5 Longitudinal section of the kidney. Severe cortico-

medullary congestion 

 

When considering the toxicokinetics of substances 

that enter orally, the liver is the organ where, when 

all metabolic processes are carried out, a high per-

centage of metabolites of different substances and 

compounds can be detected, being useful as a sample 

in the laboratory in most of the clinical and medical-

legal cases18,19. 

The lesions observed at necropsy are an important 

guideline to be able to direct the diagnosis more ef-

fectively according to Díaz-González et al.24, who 

describe and report the characteristics of subcutane-

ous hemorrhages in a canine, and refer that the anato-

mopathological study observed adhesions pleural, 

pericardial, petechial, subepicardial ecchymotic 

hemorrhages, in atria and blood vessels, conditions 

that coincide with those described by Seljetun et al.19 

and Elmeros et al.20 when cases of warfarin poisoning 

are evaluated.  

In the same study by Díaz-González et al.24, when in-

tegrating the diagnostic result, they considered that 

the macro and microscopic lesions were compatible 

with a picture of warfarin intoxication, by observing 

multiple hemorrhages in internal organs: lung, heart, 

liver, kidney, stomach, and intestine, and liver to his-

topathological study, observed diffuse centrilobular 

congestion related to severe liver damage. 

In the report made by Montoliu-Stevers & Camps25, 

of a case of hemopericardium in a dog poisoned by 

anticoagulant rodenticides, in which the diagnosis 

made was that of hemorrhagic pericardial effusion, 

under urgent medical criteria they performed a 

guided pericardiocentesis to treat Cardiogenic shock, 
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in this work it is proposed that the differential diag-

nosis, similar to the one treated, should include idio-

pathic hemorrhagic pericardial effusion, trauma, in-

tracardiac neoplasia and coagulopathy (disseminated 

intravascular coagulopathy (DIC), rodenticide poi-

soning and liver disease). 

According to the diagnostic route of the case, it is im-

portant to collect the appropriate samples to deter-

mine or confirm the result of the laboratory that is 

issued, as well as for the treatment to be established 

in the patient, in this context, Montoliu-Stevers & 

Camps25 , took and collected blood for hemogram, 

complete clinical biochemistry, prothrombin time 

(PT), activated partial thromboplastin time (PTT), 

and urine sample for a general urine examination, the 

result of these analyzes denoted a marked increase of 

prothrombin time and activated partial thromboplas-

tin time which indicated the presence of coagulopa-

thy, in the hemogram anemia and thrombocytopenia 

were reported, in the biochemistry: azotemia and hy-

poproteinemia, and in the urinalysis they detected he-

maturia. 

It is worth mentioning that in the face of an intoxica-

tion process by anticoagulant rodenticides when 

there is still time and a way to care for the patient by 

a veterinarian, it is feasible to take him to his recov-

ery, this, according to the appropriate diagnostic 

route, it is possible to perform therapeutic manage-

ment adequate26,27. Considering that in the occur-

rence of similar cases, PT and PTT can be controlled 

and returned to normal values after the start of treat-

ment with vitamin K1, clotting times can decrease 

significantly, indicating that hemostatic problems oc-

cur due to antagonism of vitamin K. In addition, the 

monitoring and evaluation of the affected patient dur-

ing the following days (two or more) should be con-

sidered, in order to rule out the recurrence of the per-

icardial effusion; and continue with the oral admin-

istration of vitamin K1 for a month, under the super-

vision of a specialist26. Therefore, for treatment the 

application of intravenous fluid therapy (Ringer's 

lactate, maintenance rate), ranitidine (melena), B 

complex, and vitamin K1 is essential3,6,28,29. 

Once adverse effects have occurred and finally 

caused the death of the individual (dog), the anato-

mopathological study, macroscopic and microscopic 

changes can be observed that consist mainly of gen-

eralized hemorrhages in several organs, so an ade-

quate differential diagnosis must be made which 

should also include vitamin K deficiency in relation 

to treatment with chemotherapy for prolonged peri-

ods, poisoning by zinc phosphide or aflatoxins, 

mainly21,28,29. 

With the data obtained in the present study, once war-

farin was identified in the analytical process as a sub-

stance that caused death in some of the dogs, as well 

as its determination in the "baits" found by the own-

ers, it is feasible that they are not an accidental pro-

cess, but rather a deliberately induced process, which 

is why it is necessary to regulate the commercializa-

tion not only of rodenticides but of all agricultural 

products that are currently commercialized, this in 

order to minimize the risk of accidental or induced 

poisoning in the different animal species and even to 

avoid the harmful effect on public health and the en-

vironment. 
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