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ABSTRACT: Rodenticides of warfarin group are mainly consisting of bromadiolone(3-(3-(4'-bromobiphenyl-4-yl)-3-hydroxy-1-

phenylpropyl)-4-hydroxycoumarin), 3-bromofuran, zinc phosphide etc., having different chemical composition which are 

frequently used for attempting suicide, perpetrating homicide, accidental inhalation of human being while baiting rats, birds, 

rabbits in agricultural fields. Bromadiolone, strong and long-acting rodenticide, having anticoagulant properties and also acting as 

antagonist by disrupting the normal blood clotting mechanisms to vitamin-K, required for blood clotting, and increasing the 

bleeding tendency in rodents has been taken for finding its reaction mechanisms with different solvent media. The main symptoms 

of the bromadiolone rodenticides are dizziness, unsteady gait, and abnormal behavior.  In the present study, we focused to 

determine the presence of Bromadiolone in ppm level using HPLC, the reaction mechanism of functional groups (ketone, alcohol, 

phenol) present in the bromadiolone under the solvent media such as H2O and HCl.  The software, Avogadro, has been used to 

dynamically simulate the Bromadiolone for calculating its optimum energy and to conform the molecular structure under the 

influence of the water molecule. The reaction mechanism of functional groups in the bromadiolonecombined with the MD 

simulations may through light to reveal the enzymes activity in damaging the central nervous system which led to fatal.  
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INTRODUCTION 

Rats are among the most destructive type of pests, damaging crops and food material. Various classes of rodenticides having 

different chemical composition are available in India for killing these pests and among them, the most common compounds 

include zinc phosphide, bromafuran, bromethalin and bromadiolone. Zinc phosphide (3-[3-(4'-bromobiphenyl-4-yl)-3-hydroxy-1-

phenylpropyl]-4-hydroxycoumarine) usage are common and prevalently adopted for suicide, homicide, pest killing etc. The major 

difference between first-and second-generation anticoagulant rodenticides has been stated1that the latter have longer body 

retention and therefore tend to lead to a longer period of bleeding. Trade names include Deadline, Lanirat, Maki, and SuperCaid. 

Bromadiolone is a white to off-white powder. It can be absorbed via the gastrointestinal tract, skin, and respiratory system. Due to 

having anticoagulant properties, it acts by disrupting the normal blood clotting mechanisms, causing an increased bleeding 

tendency in rodents. It acts as antagonist to vitamin-k, which is required for blood clotting. It act by binding to the enzyme vitamin 

K 2, 3‐epoxide reductase, thereby interrupting the cellular recycling of vitamin K. The synthesis of vitamin K 2, 3‐epoxide 

reductase takes place in liver which become the main target of the Bromadiolone. Rat liver contains 1–2 mole of enzyme per gram 

tissue which is a 4-5-fold overcapacity for maintaining effective vitamin K recycling. Its bioavailability is approximately 50% and 

the minimum plasma concentration is reached approximately 6-9 hr. after ingestion and when ingested with High dose partial 

thromboplastin times exceed up to 9 weeks2.  

Symptoms of acute intoxication by anticoagulant rodenticides range from increased bleeding tendency in minor or 

moderate poisoning to massive hemorrhage in more severe cases. The signs of poisoning develop with a delay of one to several 

days after absorption. Warfarin is associated in humans with the induction of developmental malformations when taken as a 

therapeutic agent during pregnancy. No cases of developmental defects following the use of anticoagulants as rodenticides have 

been reported1. In case of no active bleeding and INR (International Normalized Ratio) is ≤ 4.0, as a routine measurement for 

measuring anticoagulant rodenticides, treatment with Phytomenadione is not required and no bleeding or only minor bleeding and 

also the INR ≥ 4.0, the treatment with 10 mg of Phytomenadione should be administered by slow intravenous injection3. The sex 

specific variations in response towards toxicity of bromadiolone that the female rats were found more tolerant than the male 
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ratshave also been reported4. The slow disappearance of the Bromadiolone from plasma and high solubility in lipids has been 

reported from a study of case report in-vivo5. 

The pharmacokinetics of eight anticoagulant rodenticides in plasma and liver of the mouse was investigated6 after a single 

oral administration of one half the lethal dose 50 (LD50) and concluded that the anticoagulant rodenticides are accumulating in 

the liver resulting in high liver concentrations for a prolonged period oftime and in plasma, the concentrations tend to 

decreaserapidly which makes it more difficult to use this matrix asdiagnostic material in malicious poisoning cases of companion 

animals. In sheep, warfarin, chlorophacinone, and bromadiolone were not degraded in the rumen but their bio availabilities were 

high after oral administration and the kinetics of these compounds in sheep and other mammals arequite similar. These data 

suggest that the lack of susceptibility of ruminants to these anticoagulantrodenticides cannot be explained by either 

ruminaldegradation or the specific toxicokinetic of the semantic coagulants7. Strategies of anticoagulation during and after 

pregnancy offering warfarin would be the best thromboplast in protection to the mother. However, it carries higher risk of fetus 

loss and complication since the warfarin crosses the placenta has been reviewed8.The ingested super warfarin compounds 

listedhave been identified using HPLC and GCMS in the case report of clinical trial9.Bromadiolone has also been declared as a 

potential pesticide in place of warfarin and other anticoagulant which required repeated feeding to kill rodents10. Second 

generation anticoagulant in blood of dogs poisoned after an accidental intake was detected by using HPLC11. The deposition of S-

warfarin and R-warfarin by collecting citrated blood from normal cats were analyzed using ELISA testing. The S isomer is 

markedly more potent as a vitamin K antagonist than the R isomer in humans12. 

A case study of which the super warfarin poisoning due to chronic repetitive occupational dermal exposure to commercial 

rodenticide has been presented using LC-MS-MS13. Toxicity to human being with rodenticide poisoning was also examined14 the 

records of 20 patients with rodenticide poisoning among which 12 were related to Bromadiolone and 8 Brodifacoum 

rodenticides.The trace level detection of Bromadiolone and Brodifocoum in whole blood sample of human being has been carried 

out with a lower limit of detection of 0.1 and 0.2 ng/mL using the LC-ESI/MS/MS15.  The concentration of 30μg/mL and 0.98 

μg/mL of two superwarfarins, Bromadioloneand brodifacoum, respectively were detected by Liquid Chromatography (LC) in the 

investigation of warfarin and superwarfarins (Bromadiolone, Difenacoum and Brodifacoum) in the serum16. 

A rapid and sensitive high-performance liquid chromatography tandem mass spectrometric method (HPLC/MS-MS) has 

been employed and validated for the determination of bromadiolone extracted from the whole blood by liquid-liquid extraction 

with ethyl acetate using warfarin as an internal standard (IS)17.A method for Quantification of bromadiolone in whole blood using 

liquid-chromatography-mass spectrometry (LC-MS) was developed and estimated the half-life and the ratio of plasma/blood in 

bromadiolone as 1.7 +/-0.6 respectively18. Forensic purpose of identifying the time of ingestion of two anticoagulant rodenticides, 

Bromadiolone and brodifacoum, have been established from the liquid-liquid extraction of pulverized hair sample using the liquid 

chromatography (LC)19. High Performance Liquid Chromatography (HPLC) was employed for the determination of bromadiolone 

residues in hen’s eggs and its plasma and reported that the bromadiolone treated with 10 and60 mg/kg was not dete4ted in 

albumen but was present in yolk20. The extract of baits containing bromadiolone, brodifacoum and difenacoum, using hexane-

acetonitrile have been examined using reversed phase HPLC and recommended in determination of brodifacoum, bromadiolone 

and difenacoum as they have been recovered as 94%, 98% and 90% respectively21. 

 

MATERIALS AND METHODS 

The standard sample of bromadiolone was received from Central Insecticide laboratory, Faridabad, Government of India, Ministry 

of Agriculture &Farmers Welfare, Department of Agriculture, Cooperation &Farmers Welfare Directorate of Plant Protection, 

Quarantine &Storage for the purpose of this study. Thus, the portion of the sample i.e., 10mg was dissolved in the concentrated 

HCl(10ml) and observed the formation of the white precipitate which indicates the reaction between the possible hydroxyl 

functional groups possessed in the molecular structure. The sample was also dissolved in water.  However, the sample was not 

fully dissolved in the solvent.  The functional groups are making hydrogen bonds with the water molecule. 
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HPLC 

High Performance Liquid Chromatography (HPLC) was used for the identification of Bromadiolone in the ppm level. 

Column           : Hypersil 0DS2 C18 

Size       : 250 x 4.6mm 

Mobile Phase  : MeOH:H2O=85:15 

Detection       : DAD :4.6 mm 

Injection       : 20μl 

Pressure       : 10.0  MPa :250 mm 

Flowrate       : 1.0 ml/min  

 

Experimental Conditions 

HPLC equipped with Hypersil 0DS2 C-18 column(length 250mm X Diameter 4.6mm), D-3335i DAD detector, P3000, binary 

gradient system, make- Analytical Technologies.  High performance liquid chromatography is a type of chromatography 

technique that pumps a sample analyte in a solvent (mobile phase) at high pressure through a column. Elution was performed 

using mobile phase methanol: water (85:15). Sample was loaded manually using 20µl syringe. Before performing the sample run, 

a blank sample was performed to validate the method so as to check any impurity adheres in the column using same solvent 

system. The method for floating the ratio of the methanol: water (85:15) was already set to perform the elution at the flow rate of 

1.0ml/min. Retention time of the peak was observed at 1.97-minute10ppm sample of bromadiolone was prepared. The results of 

the identification of the bromadiolone is as given in the spectrum. 

Molecular Dynamics 

The pdb file of bromadiolone was collected from National Library of  Medicine (NLM). This pdb file was auto optimized 

under steepest descent minimization algorithm using the Universal Force Field *UFF), General Amber Force Field (GAFF), 

Merck Molecular Force Field (MMFF94)and MMFF94s, where ‘s’ stands for static, respectively.  The results and the finalized 

molecular structure of the bromadiolone are as represented in the Figure 3a,3b,3c and 3d. The molecular structure of 

Bromadiolone obtained by optimizing the molecule with the help of GAFF is highly recommended as the potential energy of the 

molecule is stabilized at 118.7126 calories as compared to the potential energies, 394.259 cal, 403.006 cal. and 372.926 cal., of all 

the other force field employed for modelling in this study as shown in table 2.  

The orientation of the bromadiolone optimized on applying various force field is some what unlike of each other as it shows the 

variation on the flanking phenyl group at the center of the molecule which could only be due to the near interaction between the 

C‒H and C=O of 1-benzopyran-2-one.The distance between ‒H ‧‧‧ C= is 2.655Å.  The structure of Bromadiolone obtained by 

using GAFF is varying from other conformations, thus, obtained by using other three force fields. 

In the above cyclic reaction, conversion of vitamin KH2 (Hydroxyquinone) to Vitamin k epoxide occur by carboxylation 

reaction in the presence of enzyme as a catalyst i.e., γ-glutamylcarboxylase. Further Vitamin k epoxide is converted in to vitamin 

K quinone by Vitamin k epoxide reductase (VKOR) as shown in Figure 4. In the same manner, the reaction mechanism of SN1 

with HCl and with H2O is also shown in figure 5 and 6 respectively. 

The moiety of water molecule instead making a hydrogen bond with the Oxygen of the alcohol bonded with Hydrogen.  

 

RESULTS AND DISCUSSIONS 

This work was divided in to two parts of which one is the reaction mechanism with HCl and H2O and the other is that the 

molecule was subjected in to molecular dynamics simulation with the help of Avogadro software22.  The detection of 

Bromadiolone down to 10ppm level using the HPLC technique as indicated in the figure 2.The structure conformations of 

Bromadiolone is considerably deviating, while using various force field in the Molecular Dynamics treatment, from the given 

original orientation, in the figure 1a, of Bromadiolone as given in the table 1.  The optimized conformation of Bromadiolone in the 

Figure 3a under the optimization of GAFF is the unique from other three force field as highly stabilized at potential energy of 

118.7126 calories.  Hence, this conformation is favorable for Bromadiolone at 300°C. 
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CONCLUSION 

Rodenticides are vastly used in agricultural as well as in household to get rid of rodents. From the study in the field of 

Rodenticides, it has been observed that the use of the same for homicidal and suicidal purposes has been increased. As these are 

becoming potential tools of either homicide or suicide, it is necessary to understand the reaction mechanism of these rodenticides 

into physiological conditions for pharmaceutical finding to find out the correct therapeutic use in the case of saving human life. In 

the present study it was carried out how these could react within the presence of acid and water. This can be further related with 

the acid present inside stomach. Possible standard reaction mechanism has been illustrated in this study. The possible reaction 

with water also carried out and reaction for the same was also illustrated. This study can be beneficial for study physiological 

impact of bromadiolone and can also be used to understand the possible reaction as well as how the optimized conformation of 

Bromadiolone is stabilized while reacting with water molecules. It has been observed that the option and possible way of 

identification of Bromadiolone will only be with the help of HPLC.  
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Table 1. The details of the HPLC spectrum of 10 ppm Bromadiolone 

Name Start 

Time(min)   

Ret. Time(min) Peak 

Height(mv)   

End Time(min) Peak 

Width(min)   

Bromadiolone 1.71          1.97000   115.69     2.41   0.22   

  

Table 2. Conformations of Bromadiolone in various force field 

S.No. Force Field Algorithm used Energy in Calories 

1 GAFF Steepest Descent 118.7126 

2 MMFF94 394.259 

3 MMFF94s 403.006 

4 UFF 372.926 
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(a)                                                                    (b) 

 

Figure 1: (a) Ball and stick and (b) wireframe model of primary bromadiolone 

 

 
Figure 2: HPLC spectrum identifying the Bromadiolone peak at 115.69 

 

 
Figure 3a: Conformations of Bromadioloneoptimized with GAFFforce field. 
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Figure 3b: Conformations of Bromadioloneoptimized with MMFF94force field. 

 

 
Figure 3c: Conformations of Bromadioloneoptimized with MMFF94sforce field. 

 

 
Figure 3d: Conformations of Bromadioloneoptimized with UFF force field. 
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Reaction Mechanism with Vitamin K cycle 
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Figure 4: Molecular structure of the compounds and their warfarin 

 

SN1 reaction with HCl 
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Figure 5: Results of SN1 reaction with HCl 

 

 

Reaction with H2O 

O OH

O
OH

Br

+ H2OH2

O OH

O
O

Br

H

OH2

 
 

Figure 6: Results of SN1 reaction with H2O 
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