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The fight against synanthropic mouse-like rodents in livestock facilities is of great sanitary, hygienic, and social-economic 

importance. Today, an effective and scientifically grounded method of rodent control is an integrated approach that ensures 

the implementation of a full range of veterinary and sanitary measures. The existing chemical agents for combating 

synanthropic rodents for their improper use can contribute to the formation of rodents that are not sensitive to their action. 

The work aimed to develop an innovative bait to comb mouse-like rodents and establish its effectiveness in laboratory and 

production conditions. Based on the results of the studies, formulations of an innovative import-substituting bait for combating 

rodents were developed: bromadiolone (2.0-2.5%), sunflower oil (2.5-3.0%), sugar (1.0-1.5%), wheat (up to 100%). After giving 

them bait, the death of white outbred mice was noted within seven days and white outbred rats - within four days by the 

experiment. When the bait was fed to house mice (Mus musculus) and gray rats (Rattus rattus), their death was noted within 12 

and within seven days, respectively. We proved that synanthropic rodents are more resistant to the action of rodenticide bait 

compared to laboratory animals. The anticoagulant effect of bromadiolone (active ingredient) is manifested by external and 

internal bleeding in rodents, which leads to their death. 
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Introduction 
The earliest companions of humankind and their active competitors in the struggle for existence are mouse-like rodents, 

common and exist in various climatic zones. In many areas, rodents outnumber all other mammals several times (Morand et 

al., 2015). Small rodents are increasingly crucial as agricultural pests, although their distribution and abundance differ across 

landscapes and ecosystems (Fischer & Schröder, 2014). The type of habitat and seasonal changes affect rodents' species 

composition and relative abundance (Ssuuna et al., 2020). For example, in the Argentine agroecosystems, domestic mice (Mus 

musculus L., 1758) show a distribution with a large number in livestock farms and a smaller number in crops (León et al., 2010). 

Other experiments have also proved that Mus musculus most often parasitizes in livestock buildings. Simultaneously, their 

numbers did not change significantly during the year, while the number of other species is higher in autumn and winter (Miño 

et al., 2007). It has been proven that, on a long time scale, meteorological variables do not have a direct effect on the number 

of rodents, but they affect the characteristics of vegetation and are expressed in seasonal variations (Guidobono et al., 2018). 

Rodents differ from most mammals in their remarkable ecological plasticity (Deacon, 2006; Lutsenko et al., 2014). So, harmful 

rodents quickly adapt to various conditions of existence; they are characterized by high fertility, polyphagia, good orientation 

in space, clear organization of behavior in extreme conditions. All this allows them to survive and constantly increase the 

population size (Pocock et al., 2004; Capdevila et al., 2007). The vital activity of rodents at the expense of food substrates that 

they receive when parasitizing in livestock farms and complexes, agricultural companies causes significant economic losses, 

which amount to tens, or even hundreds of thousands of dollars (Stenseth, 2003; Brown et al., 2007; Swanepoel et al., 2017). 

Mouse-like rodents are gluttonous, which has been proven by laboratory studies. So, the amount of food for a medium-weight 

rat is about 50 g of grain, equal to 25 kg per year. One mouse eats 3-5 g of grain or 1.1-1.8 kg per year. However, rats and mice 

spoil foodstuffs significantly more than they eat (Daniels & Hutchings, 2001; Arlet & Molleman, 2007; Mulungu et al., 2007). 

In poultry houses, murine rodents can eat up to 20% of the daily diet. The destruction by rats of rabbits, guinea pigs, newborn 

pigs, and birds has been reported (Stegniy et al., 2012). Rodents destroy not only finished products in barns, warehouses, 

grocery warehouses, and animal feed but also eat crops of various grain crops, young green shoots, ears of cereals. In the 
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presence of many rodents, they can destroy a significant amount of the crop (Rabiu & Rose, 2004; Brown et al., 2013; Edoh 

Ognakossan et al., 2018). 

The damage done by rodents is not limited to spoilage and destruction of food substrates. So, rodents living in rooms spoil the 

floor, forming holes and pits, which leads to injury to people and animals. They can cause electrical problems when they chew 

on wires and cables (Rao & Sakthivel, 2015). In the conditions of industrial livestock complexes, due to the concentration of 

many livestock in a limited area, the risks of the emergence and spread of infectious diseases of various etiologies increase. To 

prevent the development of epizootics, it is necessary to control individual chains of the epizootic process. To correctly assess 

the negative impact of various technological factors on the animal organism, and if a disease occurs, timely diagnose and 

introduce effective treatment and prevention (Zavgorodniy et al., 2013; Shkromada et al., 2019; Paliy et al., 2020c). 

The role of rodents in epidemiological and epizootic aspects is very diverse (Backhans & Fellström, 2012). The main thing is that 

they are a reservoir and source of infectious diseases in humans and animals, and for a long time retain in their bodies the 

causative agents of numerous diseases, especially in natural biocenoses (Kilonzo et al., 2013; Gravinatti et al., 2020). The rapid 

spread of infections is facilitated by relatively high fertility and ubiquitous distribution of rodents, their close contact with each 

other. More than 50 diseases are known, the causative agents of which can be spread through murine rodents (Rabiee et al., 

2018). Thus, rodents are essential reservoirs of pathogens such as leptospirosis, salmonellosis, tularemia, leishmaniasis 

(Esmaeili et al., 2014; Esfandiari et al., 2017), yersiniosis (Backhans et al., 2011), toxoplasmosis (Paknejadi et al., 2002), plague, 

hantavirus infections (Enria & Pinheiro, 2000). Escherichia coli (10 isolates), Salmonella typhimurium (7 isolates), Shigella sonnei (1 

isolate), Proteus mirabilis (3 isolates), Citrobacter freundii (17 isolates), and Enterobacter (4 isolates) were isolated from rats, which 

had increased resistance to antibacterial drugs (Najar Peerayeh et al., 2010). 

In the conditions of Ukraine, among synanthropic rodents that cause significant harm to livestock, the most common are rats, 

mice, and voles. They often live in dwellings, livestock buildings, and grazing areas for farm animals (Stegniy et al., 2012). 

Rodent control is receiving much attention in many countries worldwide (Suárez & Cueto, 2018). In the USA alone, more than 

80 different companies are involved in producing and selling rodenticides. About 1300 different rodent-killing bait recipes, some 

with up to 30 different ingredients (Parker & Townsley, 2004; Sayer, 2017). Simultaneously, existing chemical agents for the 

control of synanthropic rodents can contribute to the formation of resistance to a particular active substance (Hodroge et al., 

2011; Song et al., 2011). Thus, the frequent use of anticoagulants and the constant presence of M. musculus and Rattus norvegicus 

indicate the presence of these rodents' resistance populations (Meerburg et al., 2014; León et al., 2020). 

For the successful organization of effective control of murine rodents, it is necessary to know the features of their biological 

development and behavior, the relationship of synanthropic rodents with natural ecosystems, their migration routes (Mari Saez 

et al., 2018; Mariën et al., 2019). To control harmful rodents, their natural enemies are used (Paz et al., 2013; Adduci et al., 2021). 

Daily capture and destruction of harmful rodents in places of their greatest concentration are considered effective (Taylor et 

al., 2012). The actual harm caused by rodents to the livestock industry is difficult to reflect in monetary terms, so the fight 

against them should be systematic and scientifically based. 

 

Materials and methods 
The work aimed to develop a bait for controlling the mouse-like rodents and verify its effectiveness in a laboratory and industrial 

conditions. Experimental studies were carried out in the laboratory of veterinary sanitation and parasitology of the National 

Scientific Center "Institute of Experimental and Clinical Veterinary Medicine" (Kharkiv). 

Bromadiolone (active ingredient), sunflower oil (food attractant), sugar (food attractant), wheat (nutrient base) were used to 

design the formulation of the innovative bait at various ratios in the bait. The mass fraction of bromadiolone was measured by 

high-performance liquid chromatography using a UV detector, chromatographic separation in isocratic mode, and quantitative 

assessment by absolute calibration. At the preliminary stage, preparation for the control was carried out: 

1. Preparation of the mobile phase (eluent) – in a cylinder with a capacity of 100 cm3, 80 cm3 of acetonitrile, and 20 cm3 of water 

were mixed, after which the mixture was degassed. 

2. Preparation of the primary calibration solution of bromadiolone – 0.04 g of bromadiolone was dissolved in acetonitrile in a 

volumetric flask with a capacity of 100 cm3; the volume was brought to the mark and stirred. 

3. Preparation of a working calibration solution of bromadiolone – 0.3 cm3 of the main calibration solution was dosed into a 25 

cm3 volumetric flask, and the eluent was added to the mark. After stirring, the solution was chromatographed, and from the 

obtained chromatograph, the chromatographic peak area was determined with bromadiolone. 

Chromatography parameters: wavelength (254 nm), eluent velocity (0.5 cm3/min.), column temperature (37°С), dose-volume 

(20 μl). The retention time for bromadiolone was approximately 5.5 minutes. In a volumetric flask with a capacity of 50 cm3, 0.1 

g of the bait was dissolved in acetonitrile, the eluent was added to the mark, and, after stirring, it was dosed into the 

chromatography using an injector. The mass fraction of bromadiolone was calculated by the formula: 

𝑋 =  
𝑆 × 𝐶 × 𝑉

𝑆 × 𝑚
 × 100 

where:  

S – the area of the chromatographic peak of bromadiolone in the test (working graduated) solution; 

C – the concentration of bromadiolone in the working grаduated  solution, mg /cm3; 

V – the volume of the test solution, cm3; 

m – sample mass, mg; 

100 – the coefficient. 

Data processing was carried out following the current recommendations (Zuur et al., 2010). 

Determination of the effectiveness of the developed bait was carried out according to the scheme: 
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1) the formation of research and control groups of animals; 

2) the use of bait, keeping animals, determining the effectiveness of the bait; 

3) daily clinical examination of experimental animals during the entire experiment; 

4) postmortem examination of dead animals. 

To develop a bait for combating murine rodents, the active ingredient was used – bromadiolone, food attractants (sugar, 

sunflower oil), and a nutritional base (wheat). Bromodialon is a second-generation rodenticide of 4-hydroxycoumarin 

derivatives. In case of acute toxicity with potentially dangerous routes of entry into the body, bromadiolone belongs to class 1 

of highly hazardous substances for oral and inhalation exposure in the form of an aerosol and class 2 of highly hazardous 

substances when applied to the skin. There is insufficient information on bromadiolone's toxicodynamics and toxicokinetics in 

humans, and further research is needed (Lo et al., 2008). 

To determine the most rational composition of domestic bait against mouse-like rodents, three of its formulations were studied 

(Table 1). 

 

Table 1. Recipe for the bait for the control of mouse rodents 

 

No The composition of the bait Recipe, wt % 

І ІІ ІІІ 

1 Bromodialon 2.0 2.125 2.5 

2 Sunflower oil 2.0 2.5 3.0 

3 Sugar 1.0 1.5 1.5 

4 Wheat up to 100 up to 100 up to 100 

 

Tests of the action of the components of the bait were carried out on laboratory white outbred mice (n=40), white outbred rats 

(n=40), and house mice (Mus musculus) (n=40) and gray rats (Rattus rattus) (n=24). Rodent body weight: laboratory white mice – 

25.0±0.5 g, house mice – 15.5-26.0 g, laboratory rats – 300.0±0.5 g, gray rats – 280.5-335.5 g. Research mice were fed baits with 

different formulations at a dose of 5 g per animal and rats at 15 g. Control animals were given pure grain. Rodents received bait 

daily throughout the experiment. Simultaneously with the bait, the rodents were getting plenty of water. During the experiment, 

observations were made for the development of clinical signs of poisoning in rodents. The animals that died during the 

experiment were subjected to postmortem autopsy to detect lesions of internal organs (Kotsiumbas et al., 2006). Experimental 

studies on animals were carried out considering the basic principles of bioethics (Farnfield et al., 2017; Kabene & Baadel, 2019). 

 

Results 
As a result of the analysis of literature sources and patent search, it was found that the disadvantages of existing baits for 

combating mouse-like rodents are their low biological activity, poor eating ability, and unattractiveness for rodents. Rodents 

have developed resistance to many toxic substances, due to which they are ineffective (Tanaka et al., 2012; Marquez et al., 

2019). The most effective means in the fight against mouse-like rodents are anticoagulants' use (Frankova et al., 2019). 

We have identified the most promising constituent components for designing a domestic rodenticide agent (Table 2). 

 

Table 2. The composition of the bait for the control of murine rodents 

 

No Сomponent Wt % 

1 Bromodialon (active ingredient) 2.0-2.5 

2 Sunflower oil (food attractant) 2.5-3.0 

3 Sugar (food attractant) 1.0-1.5 

4 Wheat (nutrient base) up to 100 

 

Bromadiolone is a second generation coumarin anticoagulant. It acts on the synthesis of prothrombin and permeability of 

blood vessels, leading to a disruption of the blood coagulation mechanism, causing slow death from bleeding (Pelz et al., 2005). 

To attract rodents to the bait, fragrant sunflower oil (2.5-3.0%) is added. To better eat the bait, a food attractant – sugar (1.0-

1.5%) was introduced into its composition, and cereals (wheat) were selected as a nutritional base. 

To determine the most rational composition of the domestic bait against mouse-like rodents, its various formulations were 

studied for actions on laboratory animals. For this purpose, three experimental and one control group of white outbred mice 

and white outbred rats were formed separately. Experimental animals of groups No. 1 were fed the bait according to the recipe 

I, the animals of groups No. 2 were given the bait according to the recipe of II, and the animals of groups No. 3 were given the 

agent according to the recipe of III. Control animals were given pure grain (Table 3). 

According to the research results, it was found that the rodenticidal agent in the composition of bromadiolone – 2.0%, sunflower 

oil – 2.0%, sugar – 1.0%, wheat – up to 100% (a recipe I) causes the death of all mice on the 7th day after eating. It has also been 

proven that a bait that contains bromadiolone – 2.125%, sunflower oil – 2.5%, sugar – 1.5%, wheat – up to 100% (recipe II) causes 

the death of 100% of mice on the 5th day after application, and the bait with the ratio of the components bromadiolone – 2.5%, 

sunflower oil – 3.0%, sugar – 1.5%, wheat – up to 100% (recipe III) acts lethally (100%) on laboratory mice on the 3rd day after 

feeding. It should be noted that rodents more readily ate the bait prepared according to recipe III. The first clinical 

manifestations of poisoning were observed 6 hours after applying the bait on the same day. In rats, when feeding the bait I and 
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II formulations, death occurred from 2 to 4 days, and formulations III – on the second and third days of the experiment with 

characteristic pathological changes in internal organs at dissection. 

 

Table 3.  The action of a rodenticidal agent on laboratory animals 

 

Group 
Number of 

animals 

Death of rodents, days 

1 2 3 4 5 6 7 8 9 10 11 12 

Mice 

No 1 10 – – 2 2 3 2 1 – – – – – 

No 2 10 – – 2 3 5 – – – – – – – 

No 3 10 – 3 7 – – – – – – – – – 

control 10 – – – – – – – – – – – – 

Rats 

No 1 10 – 1 4 5 – – – – – – – – 

No 2 10 – 2 4 4 – – – – – – – – 

No 3 10 – 4 6 – – – – – – – – – 

control 10 – – – – – – – – – – – – 

 

At the next stage of research, the effect of the developed bait on synanthropic rodents was determined. For this purpose, 

research and control groups of animals were formed, and different formulations of the bait were assigned following the 

previous experiment (Table 4). 

 

Table 4. The effect of the bait on house mice (Mus musculus) and gray rats (Rattus rattus) 

 

Group 
Number of 

animals 

Death of rodents, days 

1 2 3 4 5 6 7 8 9 10 11 12 

Mus musculus 

No 1 10 – – – – – 1 2 2 1 2 1 1 

No 2 10 – – – – 1 – 2 2 2 1 2  

No 3 10 – – – – – 1 2 3 1 1 1 1 

control 10 – – – – – – – – – – – – 

Rattus rattus 

No 1 6 – – – 1 2 2 1 – – – – – 

No 2 6 – – – 2 1 2 1 – – – – – 

No 3 6 – – – 1 2 1 2 – – – – – 

control 6 – – – – – – – – – – – – 

 

Among synanthropic rodents, the first clinical manifestations of poisoning were observed in animals after 48 hours. The animals 

refused to eat the bait; there was thirst, bloody discharge from the eyes. After 72 hours, bloody discharge from the nasal cavity 

appeared; in many animals, the forelegs' hair was contaminated with blood. From the fourth day of the experiment, the death 

of the experimental rats began to be recorded, and from the fifth day, the death of research mice. However, it was not 

widespread among house mice, and the last mouse died on the 12th day. Among gray rats, animals' death was noted from the 

fourth to the seventh day; in the latter, the smallest rat by weight died. In the control groups, all animals were alive and active. 

So, synanthropic rodents are more resistant to the action of the bait than laboratory animals. It was also noted that rodents 

eat bait with food attractants better than untreated grain (control). On external examination of the rodents, it was noted that 

rigor mortis was poorly expressed, the visible mucous membranes were pale, and the skin was bluish in the head and abdomen 

region. 

Postmortem examination of mice revealed extensive hemorrhages in the subcutaneous tissue. The blood is liquid, bright red, 

watery. In the chest cavity, there is a cloudy red serous fluid. On the lungs, heart, liver marked multiple hemorrhages. The 

stomach is swollen, the contents are liquid, bloody, the gastric mucosa is hyperemic. In the small part of the intestine, the 

contents are yellow, with a viscous consistency. The intestinal mucosa is swollen, thickened, yellow gelatinous infiltrates are 

visible on the mesentery. In the large intestine, the contents are liquid, viscous, with blood impurities. In rats, rigor mortis is 

weak. The skin is bluish; in some places, there are wounds with blood on the skin. At autopsy, hemorrhages were noted in the 

subcutaneous tissue, abdomen, chest. The gastric mucosa is pink. The liver is yellowish to dark red, loose. 

Spleen without visible changes. The kidneys are unevenly colored, from light brown to brown. Across the entire surface of the 

kidneys, there are punctate hemorrhages. The small intestine is filled with yellow viscous contents. In each lobe of the lung, 

punctate hemorrhages are noted. The vessels of the heart are filled with blood. Pathological studies of organs have shown that 

when the bait's active substance (bromadiolone) enters the animal's body, blood clotting is disturbed, the walls of peripheral 

vessels are damaged, hemorrhagic diathesis, internal hemorrhages, and pulmonary edema develop, which, in turn, is lethal. 

Thus, bromadiolone causes both external and internal bleeding in rodents due to its anticoagulant action. Thus, bromadiolone 

causes both external and internal bleeding in rodents' bodies due to its anticoagulant effect. 

In production conditions, the bait's effectiveness was tested on the experimental base of the NSC "IEKVM". In warehouses along 

the perimeter, 25 g of pre-bait was laid out every 5 m. The amount of bait was replenished every day as rodents ate it. The first 
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nine corpses of rats in the room were found on the 5th day after applying the bait; on the sixth and seven days, 7 and 5 rats 

were detected, respectively. On the sixth day, the first dead mice were found in several rooms; the bait was eaten and 

replenished for up to 8 days, the last corpses of mice were collected on the tenth day. In total, during the deratization, 50 

corpses of mice and 24 corpses of rats were collected. Among the dead rodents were adult males and females, young animals 

of different ages. The results obtained confirm the rodenticidal effect of the developed domestic import-substituting bait for 

combating murine rodents. Based on the research results, a patent for a rodenticidal agent was obtained (Paliy et al., 2020a). 

 

Discussion 
The modern complex of veterinary, sanitary, and technological measures at agricultural enterprises provides for the 

implementation of disinfection (Paliy et al., 2018a; Kovalenko et al., 2020), disinsection (George et al., 2008; Paliy et al., 2018d), 

deacarization (Walker 2011; Paliy et al., 2018b), disinfestation (Melnychuk & Yuskiv, 2018; Paliy et al., 2020b) and deworming 

(Shrestha et al., 2020; Paliy et al., 2021), due to the ubiquitous spread of pathogens of various diseases animals (Miller et al., 

2017; Delahoy et al., 2018; Paliy et al., 2018c, 2019). Along with this, an essential component of the control of the veterinary and 

sanitary state of any livestock enterprise is the systematic and planned control of mouse-like rodents (Janković et al., 2019). 

To control rodents, it is necessary to use highly effective rodenticides, the effectiveness of which has been confirmed both in 

the laboratory and industrial conditions (Buckle et al., 2012; Goulois et al., 2017). The relevance and need for constant control 

of murine rodents have led to the development and use of various rodenticide agents of various origins. Studies of the 

effectiveness of some different baits are 100% effective regardless of the type of formulation and manufacturer (Suárez & 

Cueto, 2018). The inhibitory effect of Chlorpyrifos on the rat organism was studied (Rosalovsky et al., 2015). In our experiments, 

we used bromadiolone and brought its highly rodenticidal action regardless of the length of its use directly in production. Other 

researchers have shown that 0.005% bromadiolone completely eradicates R. norvegicus and R. rattus in 1 and 5 days, 

respectively, and M. musculus in 12 days (Redfern & Gill, 1980). However, information on the potential risk of an increase in the 

proportion of resistant individuals at the genetic level and a decrease in bromadiolone effectiveness with prolonged and 

uncontrolled use should be taken into account (León et al., 2020). 

Our results agree with those regarding innovative, environmentally friendly baits (Horak et al., 2018). However, in the field, 

control with artificial baits is not very effective since rodents have various alternative food (Guidobono et al., 2010; Adduci et 

al., 2019). 

A proven fact in rodent control, the need for careful planning of field hygiene control measures, where the fields must be free 

of weeds, in turn, reduces the potential breeding and existence of rodents, thereby reducing the rate of their recovery and 

population growth (Mayamba et al., 2020). Rodent control programs should achieve better results if health agencies focus on 

areas with more volatile conditions and industrial areas during colder seasons when rodent numbers are less (Cavia et al., 

2015). Regular screening of rodents' specific characteristics and the environmental conditions of specific agricultural enterprises 

make it possible to successfully control the number of rodents and reduce losses from their harmful activities. 

 

Conclusions 
A formulation of an innovative import-substituting bait for combating mouse-like rodents has been developed, containing 

bromadiolone (2.0-2.5%) as an active ingredient, as well as sunflower oil (food attractant) (2.5-3.0%), sugar (food attractant) (1.0-

1.5%), wheat (nutritional base) (up to 100%). The effectiveness of the developed charm has been proven on laboratory and 

synanthropic rodents. For actions on white outbred mice, their death was noted from 2 to 7 days, and white outbred rats - from 

2 to 4 days of the experiment. When food was fed to house mice (Mus musculus) and gray rats (Rattus rattus), their deaths were 

noted from 5 to 12 and from 4 to 7 days, respectively. During postmortem autopsy of animal corpses after feeding the bait, 

external and internal bleeding was noted due to the bromadiolone anticoagulant effect. We proved that synanthropic rodents 

are more resistant to rodenticide bait action than laboratory animals. The rodenticide effect of the developed bait for combating 

mouse rodents has been confirmed in production conditions, which gives rise to its widespread introduction into production. 

The results of the conducted research expand the range of products for pest control in agricultural production. 
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