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ABSTRACT

Commensal rodents, especially house rat (Rattus rattus Linnaeus) causes extensive losses
by feeding and contaminating the food products and also plays a role in spreading several
diseases of health importance. House rats were trapped from various commensal situations and
were fed for 5 days in no-choice on standard baits of bromadiolone (0.005%) and cholecalciferol
(0.075%) and their combinations having different concentrations mixed in WSO-mix bait. Male
and female house rats showed 81.30% and 95.80% average acceptability of standard bait of
bromadiolone over plain bait respectively. Hundred per cent mortality of male house rats was
observed within 3-6 days, while all female rats died on 4" day of feeding of 0.005%
bromadiolone. Both the sexes showed a significant increase in blood clotting time (sec) after 48
hours of feeding as compared to that of O hour. The acceptability of standard bait of
cholecalciferol (0.075%) over plain bait was 40.10% and 35.30% in male and female house rats,
respectively and 100% mortality was observed within 4-10 days in male and 7-14 days in female
house rats. Feeding of standard bait of cholecalciferol resulted in stop feeding action in the form
of significantly less consumption of this bait from 3 day onward. Serum calcium level (mg/dL)
was found to be significantly high in 0.075% cholecalciferol fed male and female rats after 48
hours of its feeding as compared to 0 hour. R. rattus when fed on four formulated baits having
different concentrations of bromadiolone and cholecalciferol i.e. combination-1 (0.0025%
bromadiolone+0.05%  cholecalciferol), combination-1l  (0.001%  bromadiolone+0.05%
cholecalciferol), combination-11l  (0.0025% bromadiolone+0.01% cholecalciferol) and
combination-1V (0.001% bromadiolone+0.01% cholecalciferol). Out of these four tested
formulated baits, combination-1V (having the lowest concentration of bromadiolone and
cholecalciferol) showed efficient rodenticidal potential because of synergistic effect of
bromadiolone and cholecalciferol in this combination. It was able to produce 100% mortality and
showed a significant delay in blood clotting time (sec) and rise in serum calcium level and was
cost effective also. R. rattus L trapped from commensal situations of Ludhiana area showed no
resistance towards standard bait of bromadiolone (0.005%) as both male and female house rats
(n=60) showed 100% mortality.
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CHAPTER -1
INTRODUCTION

Rodents are ubiquitous and colonise where food and shelter are available. Rodents
have played havoc with man’s economy as they damage each and every food item in fields,
godowns, storage houses, poultry farms and residential premises (Jackson 1987, Prakash and
Ghosh 1992). The house rat, Rattus rattus is a native of Indian sub-continent and is now
found worldwide and nominated as among 100 of the world’s worst invaders (Gillespie and
Myers 2004). It is the most abundant, widely distributed and cosmopolitan commensal rodent
(Parshad 1999a). House rat not only causes severe damage by consuming the stored food
items, but also contaminate the food materials by urination and defecation, thus making it
unfit for human consumption (Parshad et al 1994) and also destroys sacks, bags, boxes and
other packaging materials and infrastructure under storage conditions (Ahmad and Parshad
1987). Due to its close proximity to human habitations, it is involved in spreading several
diseases of public health importance especially bubonic plague (WHO 1974, Weber 1982,
Pai et al 2005, Sullivan 2007) and act as reservoirs of organisms that cause debilitating
diseases in humans and livestock (Mills 1999, Neelanarayanan and Kanakasabai 2000).

The economic magnitude and health problems associated with rodent pests
emphasize the need to develop techniques for their management. Integration of other
methods like mechanical and environmental control, do form the technology package, but to
a very limited extent. The methods used for the management of rodent population such as
trapping, habitat manipulation, use of repellents/attractants/pathogenic agents, that induce
mortality or migration of rodents have never produced consistent results (Buckle and Muller
2000). Chemical control by rodenticides is the most widely used and efficient method of all
the available methods for the control of rodent pests both under agricultural and commensal
situation (Prakash and Mathur 1987, Chopra et al 1996). A number of highly toxic
substances like strychnine, zinc phosphide, barium carbonate, red squill, bromethalin have
been commonly used for the control of rodents (Fishel 2005). However, rodenticides which
are common in use for rodent control have their own drawbacks like poison aversion, bait
shyness, lack of specificity and genetic resistance (Buckle et al 1994, 2007, Gould and
Holmes 2008). With the introduction of first and second generation anticoagulant
rodenticides, the rodent control strategies have undergone a complete change (Buckle and
Muller 2000) and anticoagulants viz. brodifacoum, bromadiolone, warfarin are becoming
more popular for rodent control (Koehler and Kern 2005). But these anticoagulants are the
frequent cause of non-target animal poisoning and also potentially dangerous to all
mammals, birds and humans (Buckle et al 1994, Brar and Sandhu 2000, Koehler and Kern

2005). Therefore, the chemical control of commensal rodents in human residential areas and



animal dewellings requires the use of safe and less toxic rodenticides. Among various
rodenticides, cholecalciferol (vitamin D;) sub-acute rodenticide is being considered as more
potent and relatively safe than anticoagulants. Use of cholecalciferol as a rodenticide in bait
has been found to lower the risk of secondary poisoning, minimiz the toxicity of non- target
species and to overcome anticoagulant resistance in rats and mice (Eason et al 2000). No
reports are available regarding the human poisoning from the use of cholecalciferol (Fishel
2005) and genetic resistance after its ingestion (Saini and Parshad 1992). But cholecalciferol
alone is also not suitable to control rat population, as it often shows the poor acceptance of
bait. Another aspect of using vitamin D; as rodenticide is its higher cost, as its effective
concentration is more expensive than that of effective concentration of most of the
anticoagulants used (Gould and Holmes 2008).

Overcoming the poison resistance and poison shyness is critical to the success of
rodent control operation, so there is a need to formulate such compounds which have
efficient rodenticidal potential, low or no resistance, good susceptibility, safe against non-
target species and cost effective. To achieve this success some workers have studied the
effect on mortality of rodents by preparing attractive bait formulations having combination of
anticoagulant rodenticides with hypercalcaemia causing agent i.e. cholecalciferol (Muktha
Bai et al 1978, Zatsepin et al 2006). The combination of anticoagulant and cholecalciferol
could overcome the inefficacy of anticoagulants caused by resistance or vitamin K
containing food (Fuhrmann 1991, Lund 1991, Schnorbach 1992). Thus combination of
ingredients leads to an obvious increase in efficacy against rodents, even under difficult
conditions (Pospischil and Schnorbach 1994).

Cholecalciferol and anticoagulant though are acting on different locations but are
involved in the same process of blood physiology. Therefore, the excess of calcium due to
cholecalciferol action and unavailability of vitamin K due the presence of anticoagulant can
explain the added effectiveness of cholecalciferol not only against the efficient killing of
normal rats but also against the anticoagulant resistant rodents (Muktha Bai et al 1978,
Redfern and Gill 1980, Zatsepin et al 2006). The combination of the multiple dose
anticoagulant with vitamin D; in an attractive bait formulation is a good agent for modern
rodent control even under difficult conditions caused by resistance problems or antidote
containing foodstuffs (Pospischil and Schnorbach 1994). Therefore, usage of anticoagulant in
combination with cholecalciferol may come out to be beneficial in the form of retaining the
efficacy and controlling the anticoagulant resistant as well as non-resistant rats, thus leading
to the formulation of a good, safe and cost effective agent for modern usage in rodent

control.



Keeping in mind the properties and advantages of combination of anticoagulant with

cholecalciferol, the present study was carried out with the following objectives:

1) To standardize the combination of bromadiolone anticoagulant and cholecalciferol
(vitamin D;) as a rodenticide against house rats (R.rattus).
2) To study the effect of combined/developed rodenticide on biochemical parameters of

blood of house rats.



CHAPTER - 11
REVIEW OF LITERATURE

About half of the world population is actively engaged in agriculture. Despite many
advances in agricultural technology, millions of people suffer from hunger, malnutrition, and
starvation. The reasons for this pathetic situation are several and complex. One important
factor is food loss due to pests. Vertebrate pests, especially rodents, are responsible for much
of this loss (Kurian 2000). In developing countries, rodent infestation poses a serious threat
by not only reducing income, but also by causing widespread food shortage as well (Milan
1990, Parshad 1999a). Rodents are highly successful in many environments throughout the
world as they constitute more than 40% of known mammalian species (Myers 2000).
Rodents are broadly categorized into field and commensal rodents. The Punjab state is rich in
rodent fauna as about 25 species and sub-species of rodents have been reported (Chopra et al
1996). Out of these, Rattus rattus, commonly called as the house rat is one of the most
abundant, widely distributed and cosmopolitan commensal rodent. The genus Rattus has
about 570 forms which is considered to be the greatest genus amongst other genera in
animals according to Walker (1964). Out of 28 species of Rattus genus, R. rattus is the
biggest one and atleast its 14 subspecies are recognized within the territories of India alone
(Biswas and Tiwari 1969). Commensal rodents are universally distributed and occur in
residential premises, godowns, stores and poultry farms. In this chapter, problems of house
rats and its management by using anticoagulant and their combination with vitamin D3 has
been reviewed under the following points:
2.1 General Biology of house rat, Rattus rattus Linnaeus
2.2 Losses due to house rat
2.3 Control of house rat

2.3.1 Chemical control

2.3.1.1 Control by acute- rodenticides

2.3.1.2 Control by anticoagulants

2.3.1.3 Control by sub- acute rodenticides

2.3.1.4 Synergistic/combined effect of chemicals on rodenticidal potential
2.1 General Biology of house rat, Rattus rattus Linnaeus

The house rat Rattus rattus Linnaeus is a native of the Indian sub-continent and now
spread throughout the world. It feeds and damages almost all edible things. It is the most
abundant, widely distributed, highly adaptable and cosmopolitan commensal rodent species

worldwide. It is most common in coastal areas as well as on large ships. For this reason,



these rats are often called ship rats. Some of the common names of this species include house
rat, black rat and roof rat (Pye et al 1999, Grzimek 2003).
Taxonomically house rat belongs to (Gillespie and Myers 2004)
Kingdom — Animalia
Phylum — Chordata
Subphylum — Vertebrata
Class — Mammalian
Order — Rodentia
Suborder — Sciurognathi
Family — Muridae
Subfamily — Murinae
Genus — Rattus
Species — rattus

R. rattus is nocturnal in habitat and has definite feeding patterns, with keen sensory
organs, highly developed adaptive qualities, high rate of breeding potential and litter size of
1-9 rats (Grzimek 2003, Gillespie and Myers 2004 ). Its sense of sight is poor, but its senses
of smell, taste, touch and hearing are excellent (Jackson 1982). R. rattus can be readily
recognized by its slender body, long tail and pointed snout. The colour of the fur on the
dorsal side has various shades of grey and the underpart is paler depending primarily upon its
habitat (Krishnakumari et al 1992). Wild rodents have been known to live over a year,
whereas, captives have survived for over four years (Linzey 1998). House rat co-exist along
with other species, viz. Mus musculus, R. norvegicus and Bandicota indica in various
ecosystems. It lives in houses (both urban and rural), godowns, mills, ware houses, bakeries
and various types of industrial establishments (Krishnakumari et al 1992). House rat
infestation is easily recognized by the presence of scattered and kidney shaped fecal matter,
peculiar odour and contours of gnawing left on the damaged structures like wood, paper,
fabrics, grains and other material. Sometimes rat paths, foot and tail marks are detected in
dusty and muddy floor. Its climbing and jumping capacities are high. Its home range does not
exceed more than 10-15 meters when the food supply is adequate and nearer from its shelter
(Krishnakumari 1968, Majumder 1968).
2.2 Losses due to House rat

Rodents, the vertebrate pests cause considerable loss to agricultural products or
commodities and articles of economic value of man (Vyas et al 1985). Commensal rodents,
especially R.rattus causes extensive losses by feeding and contaminating the products with

their urine, droppings and hair and occasional damage to clothes, wooden articles, books,
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electrical appliances and other infrastructure in residential premises (Prakash and Mathur
1987, Parshad 1999a). Rodent pests are known to cause immense losses to various
production systems (Tripathi et al 1992). According to Dykstra (1996), the quantitative loss
of food grains due to rodent pests at storage level in India is to the tune of 25 to 30%. Out of
the 4.7% of spilled wheat grains collected from four mills, grain stores and rural houses,
0.6% samples of rice and 0.4% samples of green grains in grocery shops had signs of rodent
contamination (Parshad et al 1994). Krishnakumari and Majumder (1965) have noted that
generally the bagged grains are attacked and in vegetables godowns, potatoes, onions,
cabbages, pumpkins, tomatoes were nibbled generally by R. rattus.

Rodents, mainly rats and mice inflict incalculable loss to poultry industry. They are
always present in poultry farm premises in large numbers due to constant availability of
favourable habitat, enough nutrient food, multiplication without any competition and
predator free environment (Parshad 1999b). They cause direct damage to poultry structures,
poultry feed, chicks and eggs and indirect damage by contaminating the poultry house
environment and by spreading several dreaded disease to poultry birds and workers (Chopra
and Dhindsa 1987, Parshad et al 1987, Chopra 1992, Gora et al 1995, Chopra et al 1996,
Parshad 1999b, Hussain et al 2006). At times, these notorious mammals have been reported
to even attack and kill young chicks (Malik and Ichhponani 1970, Gupta and Mangat 1977,
Khatri and Veda 1984). Commensal rats play a significant role in public health, chiefly due
to their role as carriers or reservoirs for micro-organisms associated with infections and
diseases that can be transmitted to humans. These diseases include plague, salmonellosis
(food poisoning), leptospirosis, murine typhus, rickettsial pox, rat-bite fever, haemorrhagic
fever (Singleton et al 2003). Some are transmitted through contact with infected rodent urine
or faeces, other through fleas and lice and still other through mosquito bites (Ruiz 2004).

2.3 Control of house rat

Rodents have become a global problem due to their high rate of reproduction and
adaptive behavior. To manage their population, several methods are being used which can be
grouped into lethal or reductional and non-lethal or preventive methods (Parshad 1999a,
Zhang et al 1999). Lethal methods include mechanical methods such as physical killing and
trapping and chemical methods include use of rodenticides and biological control methods
using predators and parasites are common now a days. Non-lethal methods include
environmental and cultural control, use of repellents, barriers, rodent proofing etc. In
developing countries like India, as the storage facilities at the village level are always very
primitive, there is an easy access for rodents. Often fairly small changes or improvement of

such storage facilities would reduce damage considerably, but such improvement is rarely
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implemented and maintained (Lund 1994). In India, inspite of extensive research on ecology,
behavior and control of rodents, the damage problems due to these pests still persist in severe
proportions due to poor adoption of rodent control measures by farmers at their fields
(Prakash and Ghosh 1992).

Out of all these the easiest and effective method of rodent control is to kill them with
poisonous chemicals/rodenticides. The use of rodenticides is still considered to be the most
potent technology available for rodent pest management (Prakash and Ghosh 1992, Chopra
et al 1996), but they generally provide effective control for short term. There is dire need to
manage these pests effectively to minimize the economic losses caused by rodents (Chopra et
al 2008). Rodenticides play a significant role in combating the rodents and selection of
rodenticide for control operations is of prime importance (Soni and Prakash 1981). Control
success depends upon the pest species infesting the area, rodent density, size of area (Ahmad
and Parshad 1989a), method of bait application (Ahmad and Parshad 1989b, Malhi and
Parshad 1995, Sheikher and Jain 1996, Mathur 1997), timings of treatments (Ahmad and
Parshad 1991, Malhi and Parshad 1993) and the method of determining area efficacy
(Mathur and Prakash 1984). The effect of rodenticidal treatments are generally short lived as
the left over rats reproduce to rebuild their population to their original level in short span of
time. The resiliency in rodent population is due to their high rate of productivity particularly
under tropical and subtropical climates (Parshad et al 1989). Therefore, for developing
effective methods of rodent control with long lasting effects, it is desirable to develop
methods to check resiliency in rodent population. Presently, the main approach being
followed to tackle rodent problems all over the world is to reduce their population by killing
them with rodenticides (Jackson 1979, Buckle 1994, Parshad 1999a, Jain and Tripathi 2000),
but these can result in environmental hazards due to direct and indirect poisoning of non-
target organisms (Saunders and Cooper 1981).

2.3.1 Chemical control of house rat

Under commensal situations, the management of rodent population number
constitutes a difficult and greatly unsolved contemporary problem. House rat has high
reproductive potential, as well as immense adaptive capabilities, it is considered to be
complex technology to tackle with its population. Different types of rodenticides which had

been used and are being used are as follows.



2.3.1.1 Rodent control by acute rodenticides

In the past, highly toxic substances like arsenic, strychnine, cyanide and compound
(1080) have been commonly used in managing rodents (Prakash and Ghosh 1992).
Strychnine, a poisonous alkaloid was first registered for use in U.S. in 1947. It is an acute
rodenticide with toxic hazards to non-target species and a number of accidental exposures to
strychnine pesticides are reported anually to poison control centers (Fishel 2005). Previously,
the inorganic rodenticides like zinc phosphide, barium carbonate and organic rodenticides
were commonly in use for managing the rodent problems (Fishel 2005). Out of these, the
most commonly used was zinc phosphide. It was first registerd in the U.S in 1947 and
labelled for controlling rats, moles, gophers and mice in a wide variety. It is used in 80-90
per cent of rodent control operations particularly under agricultural situations (Parshad
1992). Zinc phosphide is an acute poison that may kill a target rodent as a result of single
dose of feeding. Once ingested, zinc phosphide reacts with moisture in the gastrointestinal
tract to liberate phosphine gas, which is a lethal agent (Buckle and Muller 2000). Later it was
classified as a federally restricted use pesticide due to its hazards to non-target species and its
acute oral and inhalation (Brar and Sandhu 2000).
2.3.1.1.1 Disadvantages of acute rodenticide

A number of reports are there indicating the problems of bait shyness, poison
aversion and genetic resistance being emerged after the usage of commonly used acute
rodenticide for the control of rodent pests (Buckle et al 1994, 2007, Gould and Holmes
2008). Since rodents usually share environment with humans and other mammals, the risk of
accidental exposure is an integral part of the placement of poison for their control (Fishel
2005) and it also poses risks of poisoning the non-target animals (poultry, cattles, pets etc.)
and human beings (Koehler and Kern 2005). So there is a continous need to develop new and
more potent rodenticides with low risk of secondary poisoning and non-hazardous to non-
target species. Also, these chemical methods have certain drawbacks such as concerns about
the safety of their long term use, inconvenience of use, permanence of effect, limited
acceptance and availability in the widely differing social, cultural, religious, service in the
developing world (Buckle et al 1994, 2007, Gould and Holmes 2008).
2.3.1.2 Rodent control by anticoagulants

Anticoagulant inhibits the formation of prothrombin, a key protein in blood clotting
process thus leading to capillary damage, internal bleeding, and eventually to death.
Anticoagulants generally take at least four days to inhibit the formation of prothrombin, a
key protein in the blood clotting process, from the onset of feeding until rodents begin to die

(Anonymous 2007). Anticoagulant toxicants act by interfering with the normal synthesis of
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vitamin-k-dependent clotting factors in the liver of animal (Halder and Shadbolt 1975). This
results in an increase in blood clotting time to the point where no clotting occurs. These days,
anticoagulants like warfarin, bromadiolone, brodifacoum etc are being used more commonly
for the control of rodents (Koehler and Kern 2005). Among the first generation anticoagulant
rodenticides (multi-dose) 0.025% warfarin and 0.025% fumarin are generally used in cereal
baits or as ready-to-use wax cakes. Racumin (coumatetralyl) to be used as 0.75% tracking
powder or 0.0375% cereal bait in crop fields has been commercialized in India (Parshad
1999a).Treatment with 0.0375% Racumin bait for five days in a residential area resulted in
88.88% reduction in activity of rodents like B. bengalensis, R. rattus and M. musculus
(Pathak 1995). Among the second generation anticoagulant rodenticides which are effective
after ingestion of single dose by the pest species, poison baits — bromadiolone (0.005%),
broadifacoum (0.005%) and flocoumafen (0.005%) have broad spectrum effect against major
rodent pest species. These are also effective against rodents resistant to first generation
anticoagulant rodenticides (Greaves 1994) and poison shy rodents to zinc phosphide (Saxena
and Mathur 1996), thus are more effective for rodent control with single and multiple
application of freshly prepared loose cereal bait or ready-to-use wax cake formulation
(Parshad 1999a). Bromadiolone was found better than 2% zinc phosphide (Saxena et al
1991, Sheikher and Jain 1996). Mathur and Prakash (1984) conducted trials to evaluate
brodifacoum (0.002%), chlorophacinone (0.0075%) and coumatetralyl (0.0375%) for control
of rodents, predominantly M. hurrianae and got 90.5, 83.2 and 81.1 % control, respectively.
The main advantage of second generation anticoagulant rodenticides is their potency, which
makes them highly effective. In comparison, the first generation anticoagulants are more
rapidly metabolized and excreted, and there is less risk to non-target species (Eason 1991).
2.3.1.2.1 Control of rodents by bromadiolone rodenticide

Bromadiolone is a potent second generation rodenticide (4-hydroxy coumarin
derivative), often called a “super-warfarin” for its added potency and tendency to accumulate
in the liver of the poisoned organism. When first introduced in 1980, to the UK market, it
was effective against the population that had become resistant to first generation
anticoagulant (Anonymous 2010). Bromadiolone sharply reduced the blood platelet count
and also resulted in degeneration of liver and kidney in M.musculus fed on bromadiolone bait
(Revathi and Yogananda 2006). Bromadiolone is a non-food use pesticide, therefore it is
unlikely that there will be any exposure through food sources or residues in ground and
surface water. Bromadiolone is absorbed rapidly and effectively by the dermal route. Oral
administration of bromadiolone results in substantial retention of the chemical in the liver for

an extended period of time (Rao 2005).



2.3.1.2.1.1 Chemistry of bromadiolone

Chemical name of bromadiolone is 3-[3- [4-(4-bromophenyl) phenyl]-3- hydroxy-1-
phenylpropyl] - 2-hydroxychromen-4-one, its common name is bromadiolone (BSI, E-ISO,
F-ISO); broprodifacoum (Republic of South Africa), its chemical formula is C;y H,; BrOy

and chemical structure is:

0. .0

-
OH
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Structure of bromadiolone

The technical material (97% pure) is an odourless, yellow-white powder. A mixture
of the two diastereoisomers melts at 200 -210 °C. It is soluble at 20°C in 19 mg/litre water,
8.2 g/litre ethanol, 10 g/litre acetone, 25 g/litre ethyl acetate, 750 g/litre dimethyl formamide.
It is stable under recommended application and storage conditions that is 200 °C. Vapour
pressure is negligible (0.002m Pa at 20°C).

Bromadiolone is highly toxic to birds with an LCsy of 37ppm in northern Bob white.
The result of the 96 hours blue gill sunfish and rainbow trout acute toxicity studies indicated
that bromadiolone is moderately toxic to fish with an LCs, of 3ppm. Bromadiolone is
considered moderately to highly toxic to fresh water invertebrates on an acute basis with an
ECsp in the range of 0.1- 10 ppm (Rao 2005). Its toxicity, single dose is in rat 1.125 mg/kg
bw, in mouse 1.75 mg/kg bw, in rabbit 1mg/kg bw, in dog >10 mg/kg bw, in cat >25 mg/kg
bw. Bromadiolone is non-irritant to the skin and a slight irritant to the eye.
2.3.1.2.1.2 Mechanism of action of bromadiolone

Bromadiolone, like other anticoagulants act by interrupting the vitamin K cycle in
liver microsomes which is necessary for the synthesis of prothrombin i.e. inactive protein
(MacNicoll 1986, Anonymous 2007). In the functioning cycle (Fig. 1), the blood clotting
factors II, VII, IX and X are produced as a result of post-translational y- carboxilation of
glutamyl residues. The active form of the vitamin K hydroquinone, is required as a co- factor
in this process, during which is converted into the inactive vitamin K 2,3 epoxide. The
epoxide is converted into vitamin K quinone by the enzyme epoxide reductase and then back

to the hydroquinone by a third enzyme activity, vitamin K reductase. Anticoagulants inhibits
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epoxide reductase enzymes and block the recycling of the active hydroquinone form of the
vitamin which is necessary in the formation of prothrombin which further helps in clotting of
blood. With this process of recycling blocked, only dietary vitamin K is available and this is
insufficient to maintain clotting factor synthesis. For some time after the ingestion of an
effective dose, sufficient factors are circulating in the blood to maintain clotting. These are
eventually depleted, however, the mechanism fails and fatal haemorrhage results (Buckle

1994).
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Fig. 1: Mechanism of inhibition of clotting cycle by anticoagulants

Ingestion of bromadiolone results in mortality within 9-10 days. This delayed action
prevents rodents from associating the symptoms of toxicant with the anticoagulant which has
caused it and, therefore, bait shyness is unknown. This mode of action brings with it a further
important benefit. The supply of active form of vitamin can be preserved, and the ability of
the blood to clot maintained, by the administration of excess amount of vitamin K, hence,
this provides a specific antidote for use in cases of accidental poisoning.
2.3.1.2.1.3 Resistance towards anticoagulant rodenticides

The phenomenon of rodenticide resistance was first discovered among Norway rat
(R. norvegicus) in Scottland in 1958 (Boyle 1960), but the initial outbreak was quickly
followed by others occurring in the United Kingdom (Drummond 1966), United States
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(Jackson and Kaukeinen 1972) and elsewhere. Meanwhile, the other important commensal
rodent pest species, the house mouse (M. musculus/domesticus), were never very susceptible
to early anticoagulant compounds such as warfarin, diphacinone and coumatetralyl and also
developed resistant population in several countries (Ashton and Jackson 1984, Greaves
1994). The development of resistance in rodents to the anticoagulant rodenticides threatened
the great strides towards improved efficacy and safety that the introduction of these
compounds had made possible. The discovery of the second generation compounds (Hadler
and Shadbolt 1975) redressed the balance for several years but, in a few localities, resistance
to the first generation anticoagulant brought with it a measure of cross resistance to the
second generation compounds and soon population of rats and mice began to appear with
reduced susceptibility to these more potent compounds (Greaves et al 1982). However,
resistance to the modern anticoagulants, such as brodifacoum, bromadiolone and
difenacoum, has never become as widespread as that to the first generation compound and
nowhere it is impossible to control rodents with at least one of these materials (Buckle 1994).
2.3.1.2.1.4 Advantages of anticoagulants

The main benefit of using anticoagulants for the control of rodents is the longer time
taken for poison to induce death means that the rats do not associate death with eating the
poison that is no poison shyness (Anonymous 1998). Bromadiolone and brodifacoum are
effective as single dose poisons and this will mean economic saving in rat control (Singh and
Saxena 1989).
2.3.1.2.1.5 Disadvantages of anticoagulants

In 1970s and 1980s rats developed an increased resistance to anticoagulants in
certain area worldwide (MacNicoll 1982, Greaves 1985, 1986). The effectiveness of rodent
control was dramatically reduced when the resistant animals formed a large proportion of a
population. Also vitamin K containing feed (like maize and chicken feed) caused severe
problems in some places (Pospischil and Schnorbach 1994). Wide range of species are
susceptible to bromadiolone, there are reports that hazards to wildlife do exist when using
bromadiolone against field rodents even of secondary poisoning risk to carnivores
(O’Connor and Eason 2000). Though these anticoagulant rodenticides are effective in
controlling the rodent problems, but are also potentially dangerous to all mammals and birds
and are frequent cause of poisoning in pets (Brar and Sandhu 2000). The Environmental
Protection Agency (EPA) believes that there is a high risk of secondary poisoning to
mammals that feed on anticoagulant poisoned rodents in rural and suburban areas (Rao

2005).
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2.3.1.3 Control of rodents by sub-acute chemicals

Compounds like bromethalin, calciferol, flupropadine, alphachloralose, thallium
sulphate are sometimes termed as sub-acute rodenticides. They have some of the
characteristics of the acute rodenticides and some of that anticoagulants, but also differ from
them in certain respects. Although rodents may take a lethal dose of these materials during
first 24 hours like acute rodenticides, repeated feeding may occur and death is normally
delayed for several days like anticoagulants. A further characteristic is that a period of
anorexia may be apparent in animals that have taken both lethal and sub lethal doses
(Prescott et al 1992). This is the ‘stop feed” action commonly claimed as a benefit for these
compounds, as if a lethal dose has been ingested by the target rodents prior to its onset but it
is disadvantage if only a sub lethal dose is taken and may account for the occasional practical
failure of these compounds (Buckle 1985). The distinction between acute and sub acute
compounds is not clear-cut, however, because death may occasionally delayed beyond 24
hours with some acute rodenticides, particularly strychnine and thallium sulphate.

Vitamin D and its analogues (vitamin D,/ calciferol and vitamin Ds/ cholecalciferol)
are a group of sterol compounds with sub-acute rodenticidal action and their over doses had
been and are being used to control commensal rats in several countries like U.S.A, England,
New zealand, India and Japan (Lund 1974, Eason 1991, Saini and Parshad 1992, Tanikawa
and Kusano 1993, Sheikher and Jain 1995, Anonymous 1998, Bennet 2002, Fishel 2005,
Koehler and Kern 2005). Vitamin D,, having a very close structural relationship, similar
chemical properties and with same mechanism of action as vitamin D3, has found to be very
effective for the control of rodents (Buckle and Muller 2000). Calciferol was introduced to
combat the anticoagulant resistant rodents such as house mice, roof rats, sewer rats and other
rodents in England (Lund 1974, Renninson 1974). R. rattus was found to be more susceptible
to calciferol (vitamin D), as 90% mortality was obtained with 500mg/kg bw and 100%
mortality was found with 1000 mg/kg bw and there was no sign of bait aversion (Muktha Bai
et al 1978). As vitamin D, is unstable in sunlight and remains effective in bait for 3 weeks
only (Muktha Bai et al 1978), its another analogue compound, vitamin D; having 10 to 20
times more toxicity than vitamin D, was tested (Anonymous 1987).
2.3.1.3.1 Use of vitamin D5 as rodenticide

Vitamin Ds/cholecalciferol was initially registered as rodenticide (E.P.A. Reg No.
12455-39) and first used in USA in 1980’s (Marshall 1984). Cholecalciferol (vitamin Ds)
was developed in the 1980’s as rodenticide (Marshall 1984, Tobin et al 1993). It was
registered under the trade name of Quintox (0.075% cholecalciferol) in the USA, and in
Europe it was added to baits (Racumin plus) to overcome anticoagulant resistance in rats and

mice (Pospischil and Schnorbach 1994). In 1999 it was registered in New Zealand in a paste
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bait containing 0.8% cholecalciferol (Feracol). The work carried out in early 1990’s for
evaluating the rodenticides potential of vitamin D; demonstrated the susceptibility of
possums to cholecalciferol (Eason 1991, Eason et al 1996). Animal that ingests a lethal dose
of cholecalciferol bait dies usually in 4-7 days (Eason et al 2000). Cholecalciferol baits are
formulated to serve as chronic rodenticides, applied so that rats will have the opportunity to
feed on the baits one or more times over the period of one to several days. After ingesting
lethal amounts of vitamin Ds, house rats lose appetite and stop feeding which leads to clinical
signs (Saini and Parshad 1992). Because the toxicant is slow acting, bait shyness is not
reported to occur. It is claimed that rodents stop feeding once a lethal dose has been ingested.
Even sex specific lethal dose observed by Kaur et al 2008 indicated LDsy of 30 mg/kg and 50
mg/kg in male and female house rats, respectively. In Norway rats, LDs, of vitamin D3 is 43.6
mg/kg but there is some species variation in susceptibility among other mammals (Eason
1991, Eason 1993, Jolly et al 1995). In house mouse LDs, of vitamin D; is 42.5 mg/kg (Lund
1974). Possums and rabbits are sensitive to cholecalciferol as LDsy for possums is 16.8
mg/kg and for rabbits is 9 mg/kg (Jolly et al 1995, Eason et al 2000) but another report has
indicated LDsy of 200 mg/kg for rabbits (Bennett 2002). Cholecalciferol has also proved
effective in the US in controlling rock squirrels, gophers and gound squirrels (Beard et al
1988, Tobin et al 1993). Cats appear to be less susceptible to cholecalciferol than possums
with some cats surviving dose up to 200 mg/kg while others died after doses of 50 mg/kg
(Eason 1991), but dogs are reported to be more susceptible to cholecalciferol than cats
(Dorman 1990). Craigmill (1988) found that a dose of 10 mg/kg had killed each of two dogs
tested. Toxic doses reported for dogs ingesting bait products range from 0.5 - 20 mg/kg of
cholecalciferol (Dorman 1990). But Marshall (1984) showed no sign of toxicosis in dogs
eating rodent killed with bait containing 0.015% cholecalciferol and oral LDs, in dogs of
technical cholecalciferol was found to be 88 mg/kg (Bennett 2002). The toxicity to birds is
low e.g. the LDs, for mallard duck is 2000 mg/kg. The risk of secondary poisoning is also
low (Marshall 1984). Natural dietary sources of cholecalciferol include liver, fish oils, egg
yolk, and milk fat. Vitamin Ds in toxic doses raises blood calcium levels (hypercalcaemia)
and causes metastatic calcification of vital organs (Marshall 1984, Marsh and Turnberg 1986,
Kaur et al 2008). Death usually results from heart failure. These effects are comparatively
rapid when compared to anticoagulant rodenticides, animals normally take 3-7 days to die

(Marshall 1984, Marsh and Turnberg 1986, Jolly et al 1995).
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2.3.1.3.1.1 Chemistry of Vitamin Ds

Chemical name of vitamin Dj is cholecalciferol: activated 7- dehydrocholesterol
(Cy7H440). 1t is solid resin, with molecular weight of 384.62 and melting point 84-85 °C. It is
soluble in most of the organic solvents, slightly to moderately soluble in vegetable oil and

virtually insoluble in water (Deluca 1979) and its structure is:

HyC

Structure of Cholecalciferol

2.3.1.3.1.2 Mechanism of action and physiological effects of cholecalciferol toxicity

After a massive cholecalcifeol intake, excess of 25-hydroxycholecalciferol
(calcifediol) is produced in the liver with the help of enzyme 25-hydroxylase. 1-25
dihydroxycholecalciferol (calcitriol, active form) is initially produced in the kidney by 1-a
hydroxylase from 25-hydroxychaolecalciferol but once a set plasma concentrations of
calcitriol is reached, it exerts a negative feedback on renal 1-o hydroxylase and more
calcitriol is produced (Fig. 2). Because of the limited negative feedback on hepatic 25-
hydroxylase, calcifediol concentrations continue to increase, and the plasma concentration of
calcifediol become high enough to exert metabolic effects (Morrow 2001). Calcitriol is most
metabolically active and binds to the vitamin D receptors 500 times greater than calcifediol
and 100 times greater than cholecalciferol. Then active metabolities increase calcium and
phosphorus concentration in plasma through three primary mechanism. First, they increase
the amount of intestinal calcium-binding protein (calbindin) resulting in absorption of more
calcium from intestine. Second, cholecalciferol metabolites stimulate calcium and
phosphorus transfer from bones and third these metabolites decreases the calcium excretion
by the kidneys. The net result is high concentration of calcium i.e. hypercalcaemia

(Anonymous 1987, Scheftel et al 1991, Brar and Sandhu 2000, Hilbe et al 2000).
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Fig. 2: Mechanism of action of cholecalciferol
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Serum calcium level begins to increase about 24 hours after poisoning of
cholecalciferol (Beasley et al 1997, Tischler et al 1999, Kocher et al 2008). Normal range of
calcium in plasma/serum has been found to be 9-10.5 mg/dL or 2.2-2.6 m mol/L. At high
calcium levels i.e. 12.0 mg/dL or 3 m mol/dL, symptoms are more common and severe
calcium level like 15-16 mg/dL or 3.75-4 m mol/L may result in coma and cardiac arrest
(Scheftel et al 1991). In case acute toxicosis, there is moderate rise in serum phosphorus and
more severe rise in calcium concentration leading to higher level of calcium and phosphorus
products (Morrow 2001, Kocher et al 2008). However in the control animal mean serum
calcium concentrations ranged from 8.8-10 mg/dL (Tischler et al 1999).With an unregulated
increase in plasma calcium and phosphorus, their product can rise above 60, which will cause
soft tissue mineralization like kidneys, gastrointestinal tract, cardiac muscles, skeletal
muscles, blood vessels and ligament and cause structural damage that leads to decreased
functional capacity of these tissues and organs. The loss of function, contributes to the
development of ongoing and end stage clinical signs as well as long term signs in animals
that survived (Morrow 2001). The most common clinical signs associated with
cholecalciferol intoxication appear within 12-36 hours after and include anorexia,
dehydration, depression, muscle weakness, abdominal pain, constipation, vomiting and
lethargy. As the toxicity increases additional clinical signs include hypertension, polyurea
and elevated serum calcium, that may cause cardiac arythmias (Bennett 2002). Specific
antidote for use in cases of accidental poisoning of vitamin D; is calcitonin.

2.3.1.3.1.3 Advantages of using vitamin Dzas rodenticide

The formulations based on vitamin D; have good toxicological and ecological
properties and the fact that no known cases of resistance make them recommendable for use
against rodents in storage facilities (Vuksa et al 2007). There is considerable species
variation in susceptibility to cholecalciferol amongst other mammals and birds. The risk of
secondary poisoning is low and multiple exposures over several days would be required to
cause toxicosis. Cholecalciferol is less toxic to birds than other rodenticides (Haydock and
Eason 1997). However the lower toxicity to birds does not mean that they could not be
poisoned, and the appropriate use of bait station would still be important. There have been
few studies assessing the toxicity of cholecalciferol to invertebrates, but it appears to be low,
based on one study which showd no deaths in weta (Ogilvie and Eason 1996). The risk of
secondary poisoning to non-target species is also low (Marshall 1984, Eason et al 1996,
Booth et al 2004). Calciferol (vitamin D), cholecalciferol (vitamin D;) and ergocalciferol
(vitamin D,) are used as rodenticides, which are toxic to rodents for the same that they are
beneficial to mammals as they are affecting calcium and phosphate homeostasis in the body.

Vitamin D is essential in minute quantities. Upon single ingestion, solely calciferol based
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baits are considered generally safer to birds than second generation anticoagulants or acute
toxicants (Anonymous 1998). Vitamin Djs is a safe rodenticide as it minimizes the risk of
secondary poisoning and non-target species poisoning and is advantageous as it reduces the
bait requirement (Saini and Parshad 1992). Therefore the use of vitamin D components viz.
vitamin D, (calciferol/ergocalciferol) and vitamin D; (cholecalciferol) is a better option than

other anticoagulants (Eason et al 2000).
2.3.1.3.1.4 Disadvantages of using vitamin D3 as rodenticide

In family pets, accidental ingestion of vitamin Dj is generally considered safe for
cats but dangerous for dogs. Additional anticoagulant renders the bait more toxic to pets as
well as humans (Anonymous 1998). Another aspect of using vitamin D; as rodenticides is its
higher cost, as effective concentration of calciferol and cholecalciferol are more expensive
that of effective concentration of most anticoagulants. Sometimes vitamin D; when mixed in

> (.05% concentration in bait causes bait shyness.
2.3.1.4 Synergistic/combined effect of chemicals on rodenticidal potential

In view of resistance reported to have developed towards second generation
anticoagulants, the problem of bait shyness and neophobia when acute rodenticide are used
and the expensive dose of vitamin Dj like chemicals, it becomes imperative that methods be
evolved to overcome these problems. Attempts to potentiate anticoagulant for effective
rodent control is a new concept with very few studies. Experiments using two non-steroid
anti-inflammatory drugs namely ibuprofen and phenylbutazone at 80 mg/kg and 50 mg/kg
body weight respectively to potentiate the action of two second generation anticoagulants,
brodifacoum and bromadiolone yielded positive results for control of R. rattus. The drugs
reduced the lethal dose required for 100% mortality as well as days to death (Sridhara and
Krishnamurthy 1992). There is an important feature of calciferols toxicology, that they are
synergistic with anticoagulant toxicants, which means that mixture of anticoagulants and
calciferols in same bait are more toxic than a sum of toxicities of anticoagulant and the
calciferol in the bait. So that a massive hypercalcaemia effect can be achieved by
substaintially lower calciferol content in bait, and vice versa. A more pronounced
anticoagulant/hemorrhagic effects are observed when the calciferol was present. Synergism
used in rodenticidal baits is association of an anticoagulant with a compound having vitamin
D-activity i.e cholecalciferol. Typical formulas used are f.e warfarin 0.025-0.05% +
cholecalciferol 0.01%. Sometimes, there are even fixed three component rodenticides, i.e
anticoagulant + antibiotic + vitamin Dj; i.e. f.e difenacoum 0.005% + sulfaquinoxaline 0.02%
+ cholecalciferol 0.01%. Here antibiotic play a role in potentiating the rodenticidal effect

(Anonymous 1998). Muktha Bai et al (1978) reported that when calciferol and warfarin
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combined in bait resulted in increased percent mortality and reduced death time in R. rattus
as compared to the baiting with calciferol (1000 mg/kg bait) alone or along with warfarin (50
mg/kg bait). Association of a second-generation anticoagulant with an antibiotic and/or
vitamin D are considered to be effective even against most resistant strains of rodents,
though some second generation anticoagulants (namely brodifacoum and difethialone), in
bait concentration of 0.0025% - 0.005% are so toxic, that no known resistant strains of
rodents against other derivatives are reliably exterminated by application of these most toxic
anticoagulant (Anonymous 1998). Combination of anticoagulants with different types of
vitamin D are generally described to increase the efficacy of action against rodents (Hadler
1973). Synergistic effect between warfarin and vitamin D; have also been apparently
observed in oral acute toxicities to rats (Tanikawa and Kusano 1993). It was found in
laboratory that, in particular, the combination of coumatetralyl and vitamin D; could
overcome the inefficacy of anticoagulants caused by resistance or vitamin K containing food
(Fuhrmann 1991, Lund 1991, Schnorbach 1992). The number of combinations of 0.02 to
0.04% coumatetralyl and 0.01 to 0.1% vitamin D; have been tested. In combination with
vitamin Ds, the amount of coumatetralyl should not be less than 0.04%, but the percentage of
vitamin D; can be diminshed to 0.025 or even 0.01% to avoid bait shyness (Prescott et al
1992). The described combination of the multiple dose anticoagulant (coumatetralyl) with
the hypercalcaemia causing agent (vitamin D;) in an attractive bait formulation is a good
agent for modern rodent control even under food storage conditions. Different newer
anticoagulant combinations viz, anticoagulant + calciferol (vitamin D,), anticoagulant and
Ratak (difenacoum) have been used for control of black rat, R. rattus. All anticoagulants
tested, were found to be effective, because cent percent mortality in rats obtained with each

compound (Arora et al 1982).
2.3.1.4.1 Advantages of using combined formulations

The combination of anticoagulant with different types of vitamin D are generally
described to increase the efficacy of action against rodents and also to overcome the problem
of increased resistance towards anticoagulants. The combination of these active ingredients
leads to an obvious increase in efficacy against rodents, even under difficult conditions

(Pospischil and Schnorbach 1994) and the cost of rodent control operation is also reduced.
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CHAPTER - 111
MATERIALS AND METHODS
The present study entitled "Study on combined effect of bromadiolone and
cholecalciferol (vitamin D;) against house rat, Rattus rattus Linnaeus", was conducted in
Rodent Research Laboratory, Department of Zoology, Punjab Agricultural University,
Ludhiana.

3.1 MATERIALS
3.1.1 Collection of house rats

House rats were trapped live (both male and female) from poultry farms, grocery
shops, store houses and godowns of Ludhiana city (Latitude 30°56'N, Longitude 75°52'E)
with single and multicatch rat traps.
3.1.2 Maintenance of rats

The mature house rats, both male and female (having body weight >100 g) were
maintained individually in laboratory cages. These rats were acclimatized for 15 days by
providing them plain WSO-mix bait, prepared by mixing of cracked wheat, sugar powder
and groundnut oil in the ratio of 96:2:2 and water ad libitum before starting any experiment.
Food and water were replenished daily. Metallic trays were kept under each cage to collect
the faeces and spilled food and were cleaned daily. Approval of Institutional Animal Ethics
committee, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana was
obtained for the usage of animals.
3.1.3 Chemicals used as rodenticide

Two chemicals used as rodenticide during the present study were bromadiolone and
cholecalciferol (vitamin Ds). Both these chemicals were purchased from standard sources i.e.
bromadiolone from Pest Control (India) Pvt. Ltd., and cholecalciferol from MP

Biochemicals, Inc.

3.2 METHODS
The methodology followed has been presented schematically in flowchart-I.
3.2.1 Determination of rodenticidal potential of standard bait of bromadiolone
(0.005%)
Already acclimatized adult and healthy house rats were selected, weighed and
grouped in two sets, set I and set II (having 3 male and 3 female rats in each set). The rats in
set I (treated set) were fed on the standard concentration of bromadiolone bait i.e. 0.005%.

The rats in set-II (untreated set) were fed on plain WSO mix bait.



Adult house rats
Kept for 15 days for acclimatization, weighed and grouped

Feeding of house rats with treated bait for 5 days

l v l

Standard bait of bromadiolone Standard bait of Combination baits having
(0.005%)* cholecalciferol (0.075%)* different concentration of
bromadiolone and
cholecalciferol*

4 combinations

Combination-I (0.0025% bromadiolone + 0.05% cholecalciferol)*¢——
Combination-II (0.001% bromadiolone + 0.05% cholecalciferol)* ¢——

Combination-III (0.0025% bromadiolone+0.01% cholecalciferol)* ¢————

Combination-IV (0.001% bromadiolone+0.01% cholecalciferol)* ¢———

Flowchart-1: Schematic representation of the methodology followed.

* indicates that untreated set (house rats fed on plain WSO-mix bait) was also run
simultaneously with each experiment.

3 male and 3 female house rats were used in each experiment (both for treated and untreated sets).
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3.2.1.1 Preparation of standard bait of bromadiolone (0.005%0)

This bait was prepared by mixing of 20 g of bromadiolone powder (0.25%pure) in 1
kg of plain WSO-mix bait. Bait was mixed properly with spoon or hands wearing gloves.

Bait was put into transparent polythene bag and tied.
3.2.1.2 Feeding of house rats with standard bait of bromadiolone (0.005%)

House rats of treated set were fed on plain WSO-mix bait for five consecutive days.
Then after this pre-treatment, rats were fed on standard bait of bromadiolone (0.005%) in no
choice for five consecutive days. After treatment i.e. during post-treatment period survived
rats were kept on feeding with plain WSO-bait for five consecutive days. Simultaneously

rats of untreated set were also fed on plain WSO-mix bait.
3.2.1.3 Observations recorded

The following observations were recorded
3.2.1.3.1 Daily bait consumption

Rats of each set were provided with 20 g of plain WSO-mix bait during pre-
treatment and post-treatment period and 20 g of 0.005% bromadiolone bait during treatment
period daily. The left over bait on next day was weighed and again replenished with 20 g of
bait. The daily bait consumption (g/100 g body weight) was calculated by the following
formula:

Daily consumption of bait by rat (g)

Daily bait consumption (g/100 g body weight) = x 100
Y P (& g body weight Weight of rat (g)

3.2.1.3.2 Percent acceptance/palatability of treated bait
Percent acceptance/palatability of treated bait over plain bait in no-choice feeding
test was determined as per the formula given by Johnson and Prescott (1994) as given below:

Acceptance of treated bait (%) =

Consumption of treated bait during treatment period

x 100
Consumption of plain bait during pre-treatment period

3.2.1.3.3 Mortality rate
The mortality data was calculated by recording the death of 0.005% bromadiolone

treated rats every day and percentage mortality was determined by following formula:

) Number of rats died
Mortality (%) = - x 100
Total number of rats fed on treated bait
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3.2.1.3.4 Determination of blood clotting time

Clotting time of 0.005% bromadiolone treated rats was recorded by Sabraze’s
capillary tube method. Tail region of mildly anaesthetized rat was punctured. First two drops
of blood were discarded. Capillary tube (8 cm in length with diameter 0.8 to 1.2 cm) was
held horizontally in the blood drop to rapidly allow the blood to run into non-heparinized
capillary tube. Capillary tube was broken off about 1 cm length of tubing after every 30
seconds and recorded the coagulation time as the interval from the time the blood appeared
on the skin of rat until a fibrin thread bridged the broken ends of the capillary tube. Blood
clotting time was recorded at 0 hour (before treatment), after 48 hours and 72 hours of

feeding with 0.005%, bromadiolone bait.

3.2.2 Determination of rodenticidal potential of standard bait of cholecalciferol/ vitamin
D; (0.075%)

Already acclimatized adult and healthy house rats were selected, weighed and
grouped in two sets, set I and set II (having 3 male and 3 female rats in each set). The rats in
set I (treated set) were fed on the standard concentration of cholecalciferol i.e. 0.075%. The

rats in set II (untreated set) were fed on plain WSO-mix bait.
3.2.2.1 Preparation of standard bait of vitamin Ds/cholecalciferol (0.075%)

This bait was prepared by mixing of 750 mg of cholecalciferol (99% pure) in 1 kg of
plain WSO-mix bait. Bait was mixed properly with spoon or hands wearing gloves. Bait was

put into transparent polythene bag and tied.
3.2.2.2 Feeding of house rats with standard bait of cholecalciferol (0.075%)

The same methodology was followed as mentioned in 3.2.1.2, except that during

treatment period feeding of rats was done with standard bait of cholecalciferol (0.075%).
3.2.2.3 Observations recorded
The following observations were recorded:
3.2.2.3.1 Daily bait consumption
Daily bait consumption was recorded as already mentioned in 3.2.1.3.1
3.2.2.3.2 Percent acceptance/palatability of treated bait

Percent acceptance of treated bait over plain bait was already calculated as mentioned
in3.2.1.3.2
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3.2.2.3.3 Stop feed action

The observation of daily consumption of treated bait by rats was used for
determining another parameter known as stop feeding action i.e. the day when rats stop
feeding of cholecalciferol bait during treatment period.
3.2.2.3.4 Mortality rate

The mortality data was recorded by the method as mentioned in 3.2.1.3.3
3.2.2.3.5 Serum calcium level

Blood was collected from the tail region of mildly anaesthetized treated house rat
(fed on cholecalciferol and its various combinations with bromadiolone) and untreated rats.
The collected blood was kept tilted for 24 hours at 4°C and centrifuged for 15 minutes at
1750 rpm to collect serum. Serum was collected with help of dropper by puncturing the
blood clot with help of needle from the sides. Calcium level was measured
spectrophotometerically by Cresolphthalein complex one method (Henry and Dryer 1963).
Bayer Diagnostic autopak reagent kit was used for qualitative determination of calcium in
serum of control and treated rats.

Reagents used

i. Reagent 1 (Cresolphthalein complex one) :

Dimethyl sulfoxide : 1.4 mol/L.
8-Hydroxy quinolin : 17 m mol/L
Cresolphthalein complex one 0.06 m mol/L

ii. Reagent 2 (Buffer)

Potassium cyanide : 7.6 m mol/L

Diethylamide : 0.38 mol/L
iii. 0.9% normal saline solution

0.9 gm of NaCl dissolved in 100 ml of distilled water.
iv. Standard calcium (10 mg/dL)

Calcium : 0.1 g/L
Preparation of working solution

Working solution was prepared fresh according to need by mixing equal volumes of

reagent 1 and reagent 2 in clean beaker.
Procedure

In 1 ml of working solution, 10 pl of serum sample and 1 ml of 0.9% saline solution

were added and incubated for 5 min at 30°C. After incubation the colour was measured at
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575 nm by using the reagent blank (1 ml of working solution + 1 ml of 0.9% saline solution).
Standard of calcium (0.2 — 1.2 pg) was run alongside and standard curve was plotted (Fig. 3).
Blood serum was collected at 0 hour (before treatment), 48 hours and 72 hours after feeding
of cholecalciferol treated bait and calcium level was determined.
3.2.3 Determination of rodenticidal potential of combination baits having
bromadiolone and cholecalciferol in different concentrations

Already acclimatized adult and healthy house rats were selected, weighed and divided

into 4 groups (having 3 male and 3 female rat each) and were exposed to four combinations

of bromadiolone and cholecalciferol (vitamin Dj3).

Group 1 : Combination-I (0.0025% bromadiolone and 0.05% cholecalciferol)
Group 11 : Combination-II (0.001% bromadiolone and 0.05% cholecalciferol)
Group 111 : Combination-III (0.0025% bromadiolone and 0.01% cholecalciferol)
Group 1V : Combination-1V (0.001% bromadiolone and 0.01% cholecalciferol)

3.2.1.3.1 Preparation of combination baits

Different combinations, viz. combination I, II, III & IV were prepared as mentioned
in table 3.
Table 1: Preparation of combination baits having bromadiolone and cholecalciferol at

their different concentrations

Prepared by mixing of

Combinations - - - -
WSO-mix bait Bromadiolone Cholecalciferol

Combination-I 1 kg 10g 500 mg

(0.0025%bromadiolone+
0.05% cholealciferol)

Combination-II 1 kg 4¢g 500 mg

(0.001%bromadiolone +
0.05% cholealciferol)

Combination-III 1 kg 10g 100 mg

(0.0025%bromadiolone+
0.01% cholealciferol)

Combination-IV 1 kg 4¢g 100 mg
(0.001%bromadiolone +
0.01% cholealciferol)

Simultaneously, control set (having 3 male and 3 female rats) was also run separately

with each concentration.
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3.2.1.3.2 Feeding of house rats with different combinations of bromadiolone and

cholecalciferol

The same methodology was followed as mentioned in 3.2.1.1.2, except that different
combinations of bromadiolone and cholecalciferol bait were used for feeding of rats during

treatment.
3.2.1.3.3 Observation recorded

Daily bait consumption (as mentioned in 3.2.1.3.1), acceptance of treated bait over
plain bait (as mentioned in 3.2.1.3.2), mortality rate (as mentioned in 3.2.1.3.3), blood
clotting time (as mentioned in 3.2.1.3.4), stop feeding action (as mentioned in 3.2.2.3.3) and

serum calcium level (as mentioned in 3.2.2.3.5) were recorded.

3.24 Testing of resistance of house rats towards standard bait of bromadiolone
(0.005%)

Already acclimatized adult and healthy house rats were selected, weighed and
grouped in 20 sets, 10 sets of male and 10 sets of female (having 3 rats in each set). These
sets were fed on standard bait of bromadiolone i.e. 0.005%. Before treatment, house rats
were fed on plain WSO-mix bait for five consecutive days. Then after pre-treatment, rats
were fed on standard bait of bromadiolone (0.005%) in no-choice for five consecutive days.
After treatment i:e during post-treatment, survived rats were kept on feeding with plain
WSO-bait for five consecutive days (if same rats survived after feeding of bromadiolone bait,
then their testing on the best combination bait formulated will be tested for the efficacy of

that formulated bait against the bromadiolone resistant rats ).
3.2.4.1 Observations recorded
3.2.4.1.1 Daily bait consumption
Daily bait consumption was recorded as already mentioned in 3.2.1.3.1
3.2.4.1.2 Mortality rate of house rat

The mortality data was recorded by the method as mentioned in 3.2.1.3.3
3.2.5 Statistical analysis

Significance of difference between two mean values were determined using
student’s t-test, significance of difference between two mean values within the same group
were determined using ‘paired t-test’ and significance of differences among mean values of

different treatments were determined using one way ‘ANOVA’ (Singh et al 2004).
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CHAPTER-1V
RESULTS AND DISCUSSION

4.1 Rodenticidal potential of standard bait of bromadiolone (0.005%b) against R. rattus
4.1.1  Acceptance and efficacy of standard bait of bromadiolone (0.005%0)

Feeding of male house rats on standard bait of bromadiolone (0.005%) in no-choice
for 5 days under laboratory conditions, resulted in 81.50 £ 0.97% acceptance of this bait
over plain bait consumed during pre-treatment period (n=5 days). Similarly, female house
rats when were fed on 0.005% bromadiolone bait in no-choice for 5 days, they showed
95.80 + 3.19% acceptance of this bait over plain bait consumed during pre-treatment
period. This acceptance in the form of average daily consumption (g/100g bw) of treated bait
was non-significantly different from that of plain bait during pre-treatment period, showed
good acceptability of standard bait of bromadiolone. Also this bait was found to be effective
as it resulted in 100% mortality of both male and female house rats. In case of males, rats
started dying on the 3™ day of treatment and all the rats died till 6™ day after consuming the
0.005% bromadiolone bait and in females all the rats died on 4™ day of treatment (Table 2).
Anticoagulant rodenticidal potential of bromadiolone have chronic toxicity and rodents are
capable of withstanding these rodenticides generally for 48 hours after ingestion and with
increased intake of their dose, delayed mortality occurs (Revathi and Yogananda 2006).
Standard bait of bromadiolone (0.005%) has been found to cause mortality of commensal
rodents upto 100% by different workers with in a period of 2-15 days (Taley et al 1987,
Dubey et al 1991, Renapurkar 1993, Kocher and Parshad 2003, Revathi and Yogananda
2006, Chaudhaury and Tripathi 2009) However, untreated groups of rats (both male and
female) showed non-significant difference in the average daily consumption (g/100g bw) of
the bait throughout the feeding trials (Table 2).

4.1.2 Blood clotting time of 0.005% bromadiolone fed house rats

Blood clotting time (sec) was recorded in both male and female house rats at 0 hour
(before treatment), 48 hours and 72 hours after feeding of 0.005% bromadiolone bait. Results
clearly indicated significant increase i.e. 118.3 = 1.86 sec in the clotting of blood after 48
hours of feeding as compared to that of 0 hour in male house rats, where the clotting time
was found to be 71.6 = 1.00 sec and this delay in blood clotting time was further increased
upto 142.5 + 0.63 sec after 72 hours of feeding of treated bait. Similar results were obtained
in female house rats, where significant increase in blood clotting time i.e. 100.0 = 3.08 sec
and 116.6 £ 1.90 sec was recorded at 48 hours and 72 hours, respectively after feeding of
standard bromadiolone bait as compared to the blood clotting time, 68.3 = 1.02 sec observed

at 0 hour of treatment. Anticoagulant toxicants interfere with the normal synthesis of
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Table 2: Acceptance and efficacy of standard bait of bromadiolone (0.005%) against Rattus rattus in no-choice feeding trial.

Average daily consumption of bait M y
9) _ _ ot\)/girt r(>(|;(1)|)n
tre:trr?went trlg:trrlnnegnt ngﬁllﬁe?t Percent | Range (days)
Male Treated 168.30+1.59 5.12+0.50 4.07+0.24™ 2.26 81.50+0.97 100 3-6
Untreated 138.30+2.24 7.03+0.66 6.50+0.97™ 1.37 - Nil Nil
Female Treated 126.60+1.47 5.51+0.038 5.30+0.75"° 0.97 95.80+3.19 100 4
Untreated 125.00+0.73 6.90+0.48 5.98+0.50™° 1.40 - Nil Nil

o All values are Mean+S.E.
T value at 5% level of significance is 2.92

e NS represents non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within the same
group of rats.



vitamin-K dependent clotting factors in the liver and also inhibits the formation of
prothrombin, a key protein required for formation of blood clott, this results in an increase in
blood clotting time leading to internal bleeding and eventually to death (Anonymous 2007,
Revathi and Yogananda 2008) A non-significant difference in the blood clotting time of both
male and female house rats of untreated groups was observed starting from 0 to 72 hours of
feeding on plain bait (Table 3).

4.2 Rodenticidal potential of standard bait of cholecalciferol (0.075%) against R.rattus
4.2.1 Acceptance/palatability of standard bait of cholecalciferol (0.075%)

Feeding of standard bait of cholecalciferol (0.075%) by male house rats for 5 days
resulted in significantly less average daily consumption (g/100g bw) i.e. 3.66 £ 0.88 as
compared to that of plain bait during pre-treatment period (8.91 £ 0.83), which resulted in
40.10 = 1.55 % acceptance of cholecalciferol treated bait over plain bait. Similarly, a
significantly less average daily consumption (g/100g bw) of 0.075% cholecalciferol bait i.e.
2.70 £ 0.61 was found in female rats as compared to that of plain bait during pre-treatment
period (8.06 £ 1.38). This resulted in 35.30 + 0.64% acceptance of cholecalciferol treated
bait over plain bait by females. Though the acceptance of 0.075% cholecalciferol by male
and female house rats was significantly less but whatever amount of cholecalciferol was
ingested by them was able to cause their 100% mortality. Delayed mortality of house rats
was observed, as male and female rats started dying respectively on 4™ and 7" day and all
died till the 10™ and 14™ day after feeding of treated bait. Rodents generally take a lethal
dose of cholecalciferol (sub-acute poisons) during first 24 hours like acute rodenticides and
repeated feeding may occur causing delayed mortality of rats like anticoagulants (Buckle and
Muller 2000). Different formulations of cholecalciferol i.e. cake, pellets and bait have also
been used for effective killing of rodents and delayed effects have been reported (Kamath et
al 1986, Eason et al 2002, Gould and Holmes 2008). However, untreated group of rats (both
male and female) showed non-significant difference in the average daily consumption
(g/100g bw) of the bait (Table 4).

4.2.2 Stop feed action of cholecalciferol

Male house rats when fed on standard bait of cholecalciferol (0.075%) showed non-
significant difference in average daily consumption (g/100g bw) of treated bait as compared
to that of plain bait during pre-treatment period for the first two days. However, the
consumption of 0.075% cholecalciferol bait was significantly reduced on 3" day (1.60 % 0.59

g/100g bw) as compared to average daily consumption of plain bait during pre-treatment i.e.
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Table 3: Blood clotting time (sec) of Rattus rattus after feeding of standard of bromadiolone (0.005%) in no-choice feeding trial.

Blood clotting time (sec)
Sex Set T value at 5% level
0 hour 48 hours 72 hours
Treated 71.6£1.00 118.3+1.86° 142.54+0.63 7.58
Male
Untreated 70.00.84 80.0+1.58™° 71.6+1.00 1.53
Treated 68.3£1.02 100.0+3.08° 116.6£1.90 297
Female
Untreated 70.0+0.84 65.0+0.87"° 65.0+0.87 1.81
. All values are Mean+S.E.
. T value at 5% level of significance is 2.92
. NS represents the non-significant difference in blood clotting time at 48 hours with respect to 0 hour within the same group
of house rats.
. S represents the significant difference in blood clotting time at 48 hours with respect to 0 hour within the same group of

house rats.
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Table 4: Acceptance and efficacy of standard bait of cholecalciferol (0.075%0) against Rattus rattus in no-choice feeding trial.

Average daily consumption ]
) Mortality
_ (g /100g body weight), n=5 days Acceptance of
Sex Set Body weight (g) treated bait over
Pre- During T value at5% | Plain bait (%) Percent | Range (days)
treatment treatment level g Y
Treated 121.10+0.85 8.91+0.83 3.66+0.88° 7.50 40.10+1.55 100 4-10
Male
Untreated 138.30+£2.24 7.03+0.66 6.50+£0.97™° 1.37 - Nil Nil
Treated 128.30£1.10 8.06+1.38 2.70+0.61° 3.87 35.30+0.64 100 7-14
Female
Untreated 125.00+0.73 6.90+0.48 5.98+0.50"° 1.40 - Nil Nil

All values are Mean+S.E.

e T value at 5% level is 2.92

e NS represents the non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same
group of house rats.

e S represents the significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same group

of house rats.



8.91 + 0.83 g/100g bw. This acceptance of bait was further reduced on 4™ day and 5™ day of
treatment (Table 5, Fig. 4a). Similarly, female house rats showed non-significant difference
in average daily consumption (g/100g bw) of treated bait for 1% and 2" day as compared to
that of plain bait and this consumption was significantly reduced on 3™ day (1.13 =
1.02g/100g bw) onward as compared to average daily consumption of plain bait during pre-
treatment i.e. 8.06 + 1.38g/100g bw (Table 5, Fig. 4b). However, in untreated group of rats
(both male and female) showed non-significant difference in the average daily consumption
(g/100g bw) of the bait (Table 5). Such a data represented the stop feeding behavior of house
rats against cholecalciferol bait i.e. after consuming lethal dose of cholecalciferol, rats
stopped further feeding of its bait. Though rats stopped accepting any more bait, but 100%
mortality (both in male and female) results indicated the ingestion of its lethal dose. As
cholecalciferol toxicant is slow acting, no bait shyness has been reported to occur. But
rodents show stop feeding behavior as after ingesting lethal amounts of vitamin Ds, house
rats lose appetite and stop feeding, which leads to clinical signs (Saini and Parshad 1992).
This stop feed action is commonly claimed as a benefit for such compounds like vitamin Ds,

as it prevents further baiting of such expensive chemicals (Buckle et al 1985).
4.2.3  Serum calcium level of cholecalciferol (0.075% bait) fed house rats

Male house rats fed on standard bait of cholecalciferol in no-choice resulted in
significantly higher value of calcium concentration in the serum i.e. 16.10 £ 0.36 and 15.73
+ 0.18 mg/dL, respectively after 48 hours and 72 hours of feeding as compared to that of 0
hour i.e. before treatment (7.50 = 0.26 mg/dL). Similar type of results were also found in
case of female house rats, where serum calcium level was found to be significantly high i.e.
13.09 £ 0.43 and 15.40 + 0.27 mg/dL, respectively after 48 hours and 72 hours of feeding as
compared to that of 0 hour serum calcium level (9.88 = 0.50 mg/dL) as mentioned in Table 6.
Serum calcium level (mg/dL) was found to be non-significantly different at 0 hour, 48 hours
and 72 hours in both male and female rats of untreated sets. Various reports have shown that
concentration of calcium in serum begins to increase about 24 hours after poisoning of
cholecalciferol (Tischler et al 1999, Kocher et al 2008). This unregulated increase in serum
calcium level (hypercalcaemia), cause metabolic calcification of vital organs like kidneys,
gastrointestinal tract, cardiac muscles and lead to their severe functional disturbances and
histopathological signs and death of animals (Jolly et al 1995, Morrow 2001, Kocher et al
2010).
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Table 5: Stop feeding action of standard bait of cholecalciferol (0.075%) against Rattus rattus in no-choice feeding trial.

Average daily consumption (g /100g body weight)
(o)
Sex Set Body weight (g) During treatment CDat 5%
Pre-treatment level
n=5 days

( ys) 1% day 2" day 3" day 4™ day 5™ day
Male Treated 121.10+0.85 8.91+0.83 9.18+1.92™ | 4.99+0.44™ | 1.60+0.59% | 0.24+0.71°% | 0.37+0.61° 5.71
Untreated 138.30+2.24 7.03£1.75 7.23+1.10 | 8.43+2.16 | 7.53+1.6 | 4.80+0.60 | 4.56+0.48 NS
Female Treated 128.30+1.10 8.06+1.38 6.90+0.93™ | 4.084+0.28™ | 1.13+1.02% | 0.68+0.68° | 0.26+0.73% 4.27
Untreated 125.00+0.73 6.93+0.48 7.3241.04 | 6.23+0.96 | 5.29+0.24 | 5.53+0.24 | 5.40+0.18 NS

e All values are Mean + S.E.

NS represents the non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same
group of house rats.

S represents the significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same group
of house rats.
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Fig. 4: Stop feed action of standard bait of cholecalciferol (0.075%) against Rattus rattus

in no-choice feeding trial
(a) Male and (b) female house rats
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Table 6: Calcium concentration (mg/dL) in the serum of Rattus rattus fed on standard bait of cholecalciferol (0.075%b) in no-choice feeding trial.

Blood calcium level(mg/dL)

Sex Set T value at 5% Level
0 hour 48 hours 72 hours
Treated 7.50+0.26 16.10+0.36° 15.734+0.18 8.49
Male
Untreated 7.70+0.22 8.96:+0.18N8 7.244+0.26 2.56
Treated 9.88+0.50 13.09+0.435 15.40+0.27 16.60
Female
Untreated 7.50+0.33 8.83+0.12™ 7.43+0.16 2.44

All values are Mean+S.E.

T value at 5% level of significance is 2.92

NS represents the non-significant difference in blood calcium level at 48 hours with respect to 0 hour within the same group of house rats.
S represents the significant difference in blood calcium level at 48 hours with respect to 0 hour within the same group of house rats.




4.3 Rodenticidal potential of combination of bromadiolone and cholecalciferol at their

different concentrations

Both male and female house rats were exposed to four different combinations of
bromadiolone and cholecalciferol viz. combination-I (having 0.0025% bromadiolone and
0.05% cholecalciferol), combination-II (having 0.001% bromadiolone and 0.05%
cholecalciferol), combination-III (having 0.0025% bromadiolone and 0.01% cholecalciferol),
combination-IV (having 0.001% bromadiolone and 0.01% cholecalciferol). All these 4
combinations/formulated baits were having concentration of bromadiolone and
cholecalciferol lesser than that in their respective standard baits. Results obtained after
feeding of above mentioned 4 combinations to house rats for 5 days in no-choice are

discussed below under the following parameters.
4.3.1 Acceptance and efficacy of formulated baits

When male house rats were fed on different combinations of bromadiolone and
cholecalciferol (combination-I, combination-II, combination-III and combination-IV) in no-
choice, rats in all the combinations showed significantly less average daily consumption of
treated bait with respect to that of plain bait during pre-treatment period. The percent
acceptance of treated bait over plain bait was found to be 47.90 + 3.65, 52.20 + 0.29, 59.20 +
2.53, 35.10 + 2.23, respectively after feeding of combinations I, II, III and IV. Hundred
percent mortality was observed after feeding of all these four combinations and mortality
ranged from 3-5 days during combination-I and 3-4 days in rest of combinations i.e.
combinations II, III and IV (Table 7). Feeding of different combinations of bromadiolone
and cholecalciferol in female house rats resulted in significantly less consumption of treated
bait having combination I, Il and IV respectively with an percent acceptance of 55.80 + 1.73,
71.30 £ 0.72, and 47.90 £+ 2.28 over plain bait. However, the combination-III was highly
accepted i.e. 86.80 = 1.88% over plain bait. Mortality was found to be 100% in all the
feeding trials which ranged from 3-5 days during feeding of combinations I and IV and 3-4
days during combinations II and III (Table 8). Feeding of R. rattus on formulated bait having
calciferol and warfarin resulted in complete kill at lower dosages of calciferol in the
combination as compared to either calciferol or warfarin alone (Mukhta Bai et al 1978). Also
100% killing of rats and mice has been observed after feeding them on the bait having
coumatetralyl (anticoagulant) with cholecalciferol in the formulation with optimal
rodenticidal efficacy having their lower combination i.e. 0.04% coumatetralyl and 0.025%

cholecalciferol (Pospischil and Schnorbach 1994).
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Table 7: Acceptance and efficacy of different combinations of bromadiolone and cholecalciferol mixed in bait against male Rattus rattus in no-

choice feeding trial.

Average daily consumption of bait

Mortality

Feedin Set Body weight /100g body weight), n=5 days Acceptance of
O o T Durg | e | UEiedbitoer
treatment treatment 5% level Percent | Range (days)

Combination-I Treated 141.66+2.91 11.81£0.70 | 5.61+1.20° 4.49 47.90+3.65 100 3-5
Untreated 118.33+1.32 10.36+0.32 | 10.10£0.24™° 1.05 - Nil Nil

Combination -II | Treated 140.0+2.10 10.63£0.42 | 5.56+0.325 14.9 52.20+0.29 100 3-4
Untreated 135.0+1.86 10.90+0.40 | 9.45+0.34™° 2.04 - Nil Nil

Combination -III |  Treated 156.6+0.13 5.04+0.13 3.03+0.61° 4.80 59.2042.53 100 3-4
Untreated 125.0£0.73 9.04+0.28 7.25+0.40™° 2.08 - Nil Nil

Combination -IV |  Treated 146.6+2.03 9.75+0.55 3.30+0.68° 5.91 35.10+2.23 100 34
Untreated 135.0+1.86 9.99+0.52 7.53+0.30™ 1.64 - Nil Nil

e All values are Mean+S.E.

e Combination-I (0.0025%bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-I'V (0.001% bromadiolone and 0.01% cholecalciferol)

e T value at 5% level is 2.92
[ ]

NS represents the non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same
group of house rats.

e S represents the significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same group
of house rats



Table 8:  Acceptance and efficacy of different combinations of bromadiolone and cholecalciferol mixed in bait against female Rattus rattus in
no-choice feeding trial.

6¢

. . Average daily con_sumption of bait Acceptance of Mortality
Fferer(? ; r:g Set Body(;\;elght . 2_/1009 bod;l/D v:iilsht), n= 5-r dj;/lz — treat_ed ba_lit gver
treatment treatmegnt 5% level plain bait (%6) Percent | Range (days)
Combination-I Treated 140.00+0.91 11.62+0.66 6.15+0.11° 7.04 55.80+1.73 100 3-5
Untreated | 116.60+0.57 6.40+0.17 | 8.75+0.18"° 2.28 - Nil Nil
Combination-II Treated 121.0£1.09 12.20+0.68 8.63+1.06° 5.61 71.30+0.72 100 3-4
Untreated 148.3+0.77 9.56+0.68 9.64+0.59™° 0.88 - Nil Nil
Combination-III Treated 151.6£1.67 6.15+0.11 5.30+0.34™% 1.93 86.80+1.88 100 3-4
Untreated 141.6+1.58 5.24+0.67 5.88+0.49"° 2.84 - Nil Nil
Combination-IV Treated 140.3+1.21 9.05+0.95 4.04+0.63% 4.43 47.90+2.28 100 3-5
Untreated 135.0+1.05 8.86+0.60 9.05+0.50™° 1.10 - Nil Nil

e All values are Mean=£S.E.

e Combination-I (0.0025%bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-IV (0.001% bromadiolone and 0.01% cholecalciferol)

e T value at 5% level is 2.92

e NS represents the non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same
group of house rats.

e S represents the significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same group
of house rats.



4.3.2 Stop feed action of formulated baits by house rats

Due to the presence of cholecalciferol mixed in all these above said four formulations
along with bromadiolone, house rats (both males and females) fed on these formulations
showed the phenomenon of stop feeding (Tables 9 and 10, Figs. 5 and 6), similar to that
observed during feeding of standard bait of cholecalciferol (Table 7, Fig 4). During the
feeding of combination-I, all male house rats showed non-significant difference in
consumption of treated bait for the first day only as compared to that in plain bait during pre-
treatment. After that rats started consuming lesser and lesser amount of treated bait of all the
formulations (Table 9, Fig 5). A direct co-relation between the concentration of rodenticides
(bromadiolone and cholecalciferol) and daily consumption of treated bait indicated that
combination-IV  having lowest concentration (0.001% bromadiolone and 0.01%
cholecalciferol) showed the minimum consumption of bait i.e. 0.85 + 0.92 on the 3™ day
(Table 9, Fig. 5d). From the 2™ day onward rat fed on all the 4 combinations showed higher
rejection of treated bait as the its consumption found to be significantly low as compared to the
plain bait (Table 9, Fig. 5). When female house rats were fed on combination-I, II and III, they
showed non-significant difference in average daily consumption of these formulated baits on
first and second day as compared to that of plain bait consumption during pre-treatment period
and this consumption was significantly reduced on 3™ and 4™ day of treatment (Table 10, Fig.
6). However, feeding of the combination-IV bait led to significantly less consumption of
treated bait from 2™ day onward and minimum consumption of treated bait was found to be
0.66 £ 0.00 g/100g bw on the 5™ day of treatment (Table 10, Fig. 6d). Similar results were also
found in case of feeding of male house rats with combination-IV (Table 9, Fig. 5d). In both
male and female house rats feeding of different concentrations of combined baits of
bromadiolone and cholecalciferol resulted in 100% mortality even these rats well accepted the
treated baits only for 1-2 days and after that a negligible amount of treated bait was consumed
(Tables 9 and 10, Figs. 5 and 6). This was due to stop feed action indicating that house rats
showed stop feed behavior after the ingestion of lethal amounts of vitamin D; (Buckle et al
1985, Saini and Parshad 1992). Literature also reveals the acceptance of lethal dose of
cholecalciferol during first 24 hours of feeding with a success of 100% mortality (Buckle and
Muller 2000). Cholecalciferol manifests symptoms slowly so that the rats ingests sufficient
quantity of bait before becoming suspicious, which is an added advantage over other acute
rodenticides. It scores over other chronic poisons in that it requires fewer baiting days while

producing quicker response, thus saving labour, bait and expensive (Mukhta Bai et al 1978).
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Table 9:

Stop feed action different combinations of bromadiolone and cholecalciferol mixed in bait against male Rattus rattus in no-choice

feeding trial.
Average daily consumption of bait (g/100g body weight )
Feedin Body weight - CD at 5%
. g Set y Welg Pre-treatment During treatment 0
Trial (9) level
(n=5 days) 1% day 2" day 3" day 4" day 5" day
Treated | 141.66+2.91 11.81+0.70 8.66+1.08™ | 4.52+1.57% | 4.83£2.0° Died - 6.00
Combination-I
Untreated | 118.33+1.32 10.36:+0.32 10.86+0.23 | 11.80+0.77 | 9.06+0.27 | 9.30+0.169 9.46+0.61 NS
Treated 140+2.10 10.63+0.42 7.70+0.70™ | 6.20+0.97% | 2.81+1.06° Died - 3.40
Combination-II
Untreated 135+1.86 10.90+0.40 13.30+£0.25 | 10.63+£0.23 | 9.13+0.58 | 7.26+1.27 6.96+1.03 NS
o Treated | 156.6+2.77 5.04+0.13 4.76£0.65™° | 3.16+0.68° | 1.23+0.80° Died - 1.87
Combination-III
Untreated | 125.0+0.73 8.70+0.28 8.90+0.71 6.93+0.23 | 8.03+0.55 | 6.40+0.36 6.00+0.33 NS
Treated 146.6+2.03 9.75+0.55 6.93+0.93™ | 1.46+0.68% | 0.85+0.92° Died - 2.86
Combination-1V
Untreated | 135.0+1.86 9.99+0.52 7.16£0.25 6.16£0.62 | 10.23+0.76 | 7.56+0.99 6.56£0.95 NS

e All values are Mean+S.E.
e Combination-I (0.0025%bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-IV (0.001% bromadiolone and 0.01% cholecalciferol)

e NS represents the non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same
group of house rats.

e S represents the significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same group
of house rats.
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Fig. 5: Stop feed action of different combinations of bromadiolone and cholecalciferol
mixed in bait against male Rattus rattus in no- choice feeding trial.

(a) Combination-1 (0.0025% bromadiolone and 0.05% cholecalciferol)
(b) Combination-11 (0.001% bromadiolone and 0.05% cholecalciferol)
(c) Combination-111 (0.0025% bromadiolone and 0.01% cholecalciferol)
(d) Combination-1V (0.001% bromadiolone and 0.01% cholecalciferol).
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Table 10: Stop feed action of different combinations of bromadiolone and cholecalciferol mixed in bait against female Rattus rattus in no-choice

feeding trial.
Average daily consumption of bait (g/100g body weight )
Feeding Set Body weight Pre- During treatment CD at5%
Trial (9) treatment R Ny . " " level
(n=5 days) 1" day 2" day 3" day 4" day 5" day

Treated | 140.00+0.91 | 11.60+0.66 | 10.53+0.32™ | 8.90+0.59™ | 2.45+0.74% | 0.75+0.76" Died 2.89

Combination-I
Untreated | 116.60+0.57 | 6.40+0.43 7.53+0.30 10.06+0.20 7.43+£0.32 | 9.59+0.56 8.93+0.42 NS
Treated 121+0.85 | 12.20+0.68 | 12.73+£0.62™ | 11.36+0.68™ | 3.80+0.90° | 1.13+0.00° Died 4.14

Combination-I1
Untreated | 148.3£0.77 | 9.56+2.11 11.10+1.00 9.53+1.45 9.90+0.46 | 10.36+0.58 7.40+0.26 NS
o Treated | 151.6£1.67 | 6.15£0.11 | 7.06£0.65"° | 7.80£0.76"° | 1.16+0.90° Died - 2.60

Combination-III
Untreated | 141.6£1.58 | 5.2440.67 5.73+0.41 5.2640.55 5.63+1.05 | 6.43+0.43 6.33+0.24 NS
Treated | 140.3£1.21 | 9.05+0.95 7.40+0.25N 4.60+0.89% | 2.36+0.53% | 1.28+0.54% 0.66:+0.00° 3.29

Combination-1V
Untreated | 135.0£1.05 | 8.86+0.60 8.33+1.02 9.33+0.79 8.16+1.30 | 11.76+0.20 7.76+0.80 NS

e All values are Mean+S.E.

e Combination-I (0.0025%bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-I'V (0.001% bromadiolone and 0.01% cholecalciferol)

e NS represents the non-significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same
group of house rats.

e S represents the significant difference in consumption of bait during treatment period with respect to the pre-treatment period within same group
of house rats.
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Fig. 6: Stop feed action of different combinations of bromadiolone and cholecalciferol
mixed in bait against female Rattus rattus in no- choice feeding trial.

(a) Combination-1 (0.0025% bromadiolone and 0.05% cholecalciferol)
(b) Combination-11 (0.001% bromadiolone and 0.05% cholecalciferol)
(c) Combination-111 (0.0025% bromadiolone and 0.01% cholecalciferol)
(d) Combination-1V (0.001% bromadiolone and 0.01% cholecalciferol).
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4.3.3 Blood clotting time of house rats fed on formulated baits

As all the four bait formulations have bromadiolone mixed in different concentrations
along with cholecalciferol, the action of bromadiolone (anticoagulant) resulted in delaying of
blood clotting time of house rats (both male and female) fed on these combinations (Tables 11
and 12), similar to that observed during feeding of standard bait of bromadiolone (Table 3).
Blood clotting time of male house rats was found to be significantly enhanced after 48 hours of
ingestion of all the four combination baits and further significant increase was also observed
after 72 hours of feeding. Maximum blood clotting time (sec) was observed to be 195.0 + 0.00
after 72 hours of feeding of combination-IV having lowest concentration i.e. 0.001%
bromadiolone and 0.01% cholecalciferol (Table 11). Similar results were also found in case of
female house rats, as feeding of combination-I, I, III and IV resulted in significant delay in
blood clotting time from 48 hours onward with respect of 0 hour i.e. before treatment. After 72
hours of feeding of combination-I (0.0025% bromadiolone and 0.05% cholecalciferol), blood
clotting time (sec) was found to be maximum i.e. 180.00 = 0.00 which was comparable to
blood clotting time (157.5 £+ 1.80 sec) of rats fed on the lowest concentration (combination-1V)
at 72 hours of feeding (Table 12). Even combination-IV having lowest concentration of
bromadiolone mixed with lowest concentration of cholecalciferol was able to produce effective
results in the form of significant delay in blood clotting time of both male and female house
rats (Tables 11 and 12). This delay in blood clotting time was due to interruption caused by
bromadiolone anticoagulant in the mechanism of blood clotting (Anonymous 2007, Revathi
and Yogananda 2008).
4.3.4  Serum calcium level of house rats fed on formulated baits

Presence of vitamin Dj; in the formulated baits resulted in the enhancement of serum
calcium level of house rats fed on these baits and results have been mentioned in Tables 13
and 14. Serum collected from male house rats fed on different combination (I, II, IIT and I'V)
after 48 hours of feeding showed significantly higher values of calcium level as compared to
that of 0 hour of their feeding. Serum calcium level (mg/dL) was further enhanced at 72
hours and its maximum value was found to be 16.45 + 0.08 after feeding of combination-III
(0.0025% bromadiolone and 0.01% cholecalciferol) and this serum calcium level (mg/dL)
was comparable to the values 14.80 + 0.00, 14.35 + 0.33 and 14.10 + 0.00, respectively after
feeding of combination-I, II and IV at 72 hours (Table 13). Female house rats also showed
similar trend of significant increase in serum calcium concentration (mg/dL) after feeding of
different combinations viz. combination-I, II, III and IV of formulated bait at 48 hours of
their feeding as compared to that of 0 hour (Table 14). Even the lowest concentration
(0.001% bromadiolone and 0.01% cholecalciferol) was able to significantly increase the

serum calcium level (mg/dL) which was found to be 14.15 + 0.09 at 72 hours as compared to
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Table 11: Blood clotting time (sec) of male Rattus rattus after feeding on different combinations of bromadiolone and cholecalciferol mixed
bait in no-choice feeding trial.

9

) ) Blood clotting time (sec)
Feeding trial Set T value at 5% level
0 hour 48 hours 72 hours
o Treated 70.0+0.85 90.0+1.13% 150.0+0.00 9.87
Combination-I
Untreated 75.0+1.42 65.0+0.88™ 65.0+0.88 1.53
o Treated 65.0+0.87 150.0+1.00° 140.0+0.84 12.00
Combination-I1
Untreated 65.1+0.85 70.0+1.69"° 65.0+0.87 1.14
o Treated 65.0+0.87 120.0+2.24% 165.0+1.17 3.76
Combination-II1
Untreated 66.6+0.76 70.0:£0.84N5 65.0+0.87 1.81
o Treated 75.0+1.41 130.0+0.62° 195.0+0.00 7.87
Combination-1V
Untreated 71.6+1.00 60.0£0.00™° 71.6+1.27 2.72

e All values are Mean+S.E.

e Combination-I (0.0025% bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-I'V (0.001% bromadiolone and 0.01% cholecalciferol)

e T value at 5% level of significance is 2.92

e NS represents the non-significant difference in blood clotting time at 48 hours with respect to 0 hour within the same group of house rats.

e S represents the significant difference in blood clotting time at 48 hours with respect to 0 hour within the same group of house rats.



Table 12: Blood clotting time (sec) of female Rattus rattus after feeding on different combinations of bromadiolone and cholecalciferol mixed
bait in no-choice feeding trials.

Ly

) _ Blood clotting time (sec)
Feeding trial Set T value at 5% level
0 hour 48 hours 72 hours
Combination. Treated 70.0£1.70 126.6+1.51° 180.0+0.00 24.00
ombination-
Untreated 70.0+1.70 80.0+1.50™ 75.0+1.40 1.81
Treated 70.0+0.84 135.0+1.05° 165.0+1.17 18.40
Combination-II S
Untreated 60.0+0.00 65.0+0.87 75.0+1.41 1.81
Treated 65.240.87 135.0+1.05° 120.0+0.00 19.80
Combination-II1
Untreated 65.0+0.86 65.0+0.87™ 65.0+0.87 0.81
Treated 65.0+0.87 130.0+1.245 157.5+1.80 18.40
Combination-IV
Untreated 75.0+1.42 65.0+0.87™ 70.0+0.84 0.81

All values are Mean+S.E.

Combination-I (0.0025% bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), C-IV (0.001% bromadiolone and 0.01% cholecalciferol)

T value at 5% level of significance is 2.92

NS represents the non-significant difference in blood clotting time at 48 hours with respect to 0 hour within the same group of house rats.

S represents the significant difference in blood clotting time at 48 hours with respect to 0 hour within the same group of house rats.
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Table 13: Calcium concentration (mg/dL) of male Rattus rattus after feeding on different combinations of bromadiolone and cholecalciferol
mixed bait in no-choice feeding trial

] ] Blood calcium level(mg/dL)
Feeding trial Set T value at 5% level
0 hour 48 hours 72 hours
Treated 10.43+0.40 13.83+0.32°5 14.80+0.00 9.69
Combination-I
Untreated 9.80+0.32 9.06+0.43N 7.23+0.26 1.20
Treated 8.88+0.40 12.59+0.245 14.35+0.33 7.39
Combination-II s
Untreated 9.40+0.18 8.90+0.26 7.50+0.26 1.31
Treated 9.78+0.10 13.00+0.125 16.45+0.08 22.10
Combination-III
Untreated 10.86+0.21 9.16+0.22™ 9.53+0.10 2.09
Treated 8.73+0.47 12.40+0.128 14.10+0.00 4.27
Combination-I1V S
Untreated 8.80+0.30 9.43+0.35 7.33+0.19 1.28

e All values are Mean+S.E.
Combination-I(0.0025% bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-I'V (0.001% bromadiolone and 0.01% cholecalciferol)
T value at 5% level of significance is 2.92

e NS represents the non-significant difference in serum calcium level at 48 hours with respect to 0 hour within the same group of house rats.

e S represents the significant difference in serum calcium level at 48 hours with respect to 0 hour within the same group of house rats.




6¥

Table 14:  Calcium concentration (mg/dL) of female Rattus rattus after feeding on different combinations of bromadiolone and cholecalciferol
mixed bait in no-choice feeding trial

] ) Blood calcium level(mg/dL)
Feeding trial Set T value at 5% level
0 hour 48 hours 72 hours
Treated 7.86+0.51 13.70+0.625 16.10+0.00 3.36
Combination-I =
Untreated 7.93+0.17 8.86+0.28 7.43+0.16 1.94
Treated 7.91+0.20 14.08+0.09° 15.35+0.19 29.20
Combination-II =
Untreated 6.60+0.17 8.46+0.26 7.06+0.25 2.12
Treated 8.13+0.15 14.10+0.56° 13.80+0.00 5.26
Combination-III S
Untreated 8.70+.33 10.13+0.35 9.80+0.43 1.81
Treated 8.16+0.45 11.10+1.09% 14.15+0.09 3.87
Combination-1V
Untreated 8.50+0.35 8.70:+£0.39™° 7.36+0.20 0.92

All values are Mean+S.E.

e T value at 5% level of significance is 2.92

e Combination-I (0.0025% bromadiolone and 0.05% cholecalciferol), Combination-II (0.001% bromadiolone and 0.05% cholecalciferol),
Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol), Combination-IV (0.001% bromadiolone and 0.01% cholecalciferol)

e NS represents the non-significant difference in serum calcium level at 48 hours with respect to 0 hour within the same group of house rats.
S represents the significant difference in serum calcium level at 48 hours with respect to 0 hour within the same group of house rats.




8.16 = 0.45 at 0 hour (Table 14). This rise in calcium level in serum of male and female
house rats was due to mobilization of calcium from bone matrix into blood plasma starting
from 24 hours of poisoning and resulting in death from hypercalcaemia (Tischler et al 1999,
Kocher et al 2008).
4.3.5 Comparative analysis of rodenticidal potential of standard baits of

bromadiolone and cholecalciferol and their combinations

When standard bait of bromadiolone (0.005%) alone was fed to male house rats,
total active ingredient of bromadiolone ingested was found to be 153.00 + 4.49 mg/kg bw,
which led to 100% mortality within an average of 4.33 £ 0.59 days, due to excessive flow of
blood as a result of delay in 46.66 = 1.82 sec in clotting time (as compared to normal clotting
time). On the other hand the mortality of male rats was delayed as average time for 100%
mortality was 7.33 + 0.92 days after feeding of 122.30 + 3.80 mg/kg bw of active ingredient
of standard bait of cholecalciferol and rise in serum calcium level was observed to be 9.37 +
0.72 mg/dL in the treated rats as compared to that of normal serum calcium level of male
house rats (Table 15, Fig. 7). When male house rats were fed on baits having different
combinations of bromadiolone and cholecalciferol (with lesser concentration than their
standard one), total active ingredients of rodenticides ingested (bromadiolone +
cholecalciferol) was found to be non- significantly different during the feeding of
combination-I and combination-II as compared to that of standard bromadiolone and
cholecalciferol feeding trials. However, a significantly less active ingredient i.e. 55.00 &+ 2.67
and 26.90 + 2.34 mg/kg bw, respectively was ingested by male rats during feeding of
combination-III (0.0025% bromadiolone and 0.01% cholecalciferol) and combination-IV
(0.001% bromadiolone and 0.01% cholecalciferol) as compared to that of the concentration
in their standard doses (Table 15, Fig. 7a). However, talking in terms of ingestion of active
ingredient of bromadiolone and cholecalciferol separately during feeding of these four
combinations, results indicated a non-significant difference in feeding of bromadiolone and
cholecalciferol during feeding of combination-I (0.0025% bromadiolone and 0.05%
cholecalciferol) and significantly lesser consumption of active ingredient of bromadiolone
and cholecalciferol during the rest of feeding trials i.e. combination-II, III and IV. Feeding of
four different combinations of bromadiolone and cholecalciferol resulted in 100% mortality
in all the experimental trials and there was non-significant difference in the average time
taken for 100% mortality of rats (Table 15, Fig. 7b). Delay in blood clotting time was
statistically similar after feeding of standard bait of bromadiolone (0.005%) and the four
combination i.e. I, II, IIT and IV (Table 15, Fig. 7c). Rise in serum calcium level (mg/dL) was

found to be 3.40 £ 0.38, 3.95 + 0.55, 3.21 £ 0.16 and 3.66+0.93 respectively after feeding
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Table 15:  Comparison of rodenticidal potential of standard bait of bromadiolone and cholecalciferol and their different combinations against
male Rattus rattus in no-choice feeding trial.
Active ingredient of rodenticide ingested
Feeding trial Body (mg/kg bw) (n=5 days) Average time Delay in Rise in
weight (g) Total Bromadiolone | Vitamin D; for 100% blood clotting serum calcium
Rodenticide (mg/kg bw) (mg/kg bw) mortality tlme(sec)* level (mg/dL)*
(mg/kg bw) (days)
Standard bromadiolone | 168.3+1.59 153.00+4.49 153.00+4.49 - 4.334+0.59 46.66+1.82 -
Standard cholecalciferol | 121.2+0.85 122.30+3.80 - 122.30+3.80 7.33+0.92 - 9.37+0.72
Combination-I 141.6£2.91 180.31+5.06 90.15+3.58 90.15+3.58 3.66+0.49 16.662.08 3.40+0.38°
Combination-II 140+2.10 117.0+1.50 33.424+0.80° 83.57+1.26° 3.66+0.24 85.00+1.53 3.95+0.55°
Combination-IIT 156.6+2.77 55.004+2.67° 45.83+2.44* | 9.16+1.09° 3.66+0.24 55.00+4.15 3.21£0.16°
Combination-1V 146.6+2.03 26.90+2.345 17.93+1.91* | 8.96+1.35 3.33+0.25 55.00+1.90 3.66+0.93°
CD at 5% level - 90.11 67.34 38.30 NS NS 3.13

* refers difference of the values between 48 hours and 0 hour of feeding

Standard bromdiolone (0.005%), standard cholecalciferol (0.075%), Combination-I (0.0025%bromadiolone and 0.05% cholecalciferol),
Combination-II (0.001% bromadiolone and 0.05% cholecalciferol), Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol),

Combination-IV (0.001% bromadiolone and 0.01% cholecalciferol)
NS represents the non-significant difference among the different feeding trials

S represents the significant difference among the different feeding trials

a refers the significant difference of the values at 5% level among different combination with respect to standard bromadiolone feeding
b refers the significant difference of the values at 5% level among different combination with respect to standard cholecalciferol feeding
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Fig. 7: Comparison of rodenticidal potential of standard baits of bromadiolone and
cholecalciferol and their different combinations against male Rattus rattus in no-
choice feeding trial.

(a) Total active ingredient ingested (mg/kg bw)
(b) Average time for 100% mortality (days)

(c) Delay in blood clotting time (sec)

(d) Rise in serum calcium level (mg/dL)
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of combination-I, II, IIT and IV as compared to the serum calcium level in blood of normal
house rats (before treatment), but these values of rise in serum calcium level was
significantly less as compared to that observed in the male house rats fed on standard bait of

cholecalciferol i.e. 9.37+0.72 mg/dL (Table 15, Fig. 7d).

Comparative results obtained after feeding of female house rats with standard
bromadiolone bait, standard cholecalciferol bait and their four different combinations have
been compiled in Table 16 and Fig. 8. Combination-I and II resulted in non-significant
difference in the total active ingredient of ingested rodenticide. However, active ingredient
ingested during the feeding of combination-III and IV (0.0025% bromadiolone + 0.01%
cholecalciferol and 0.001% bromadiolone + 0.01% cholecalciferol) was found to be
significantly less as compared to that of standard bait of bromadiolone and cholecalciferol
and the minimum active ingredient ingested was 46.88 + 1.35 mg/kg bw during feeding of
combination-I'V having the least concentration of bromadiolone and cholecalciferol mixed in
bait i.e. 0.001% bromadiolone and 0.01% cholecalciferol (Table 16, Fig. 8a). When active
ingredient of bromadiolone and cholecalciferol ingested separately during feeding of
different combination was analysed, it showed a significant reduction in their ingestion
during the various feeding trials (having bromadiolone and cholecalciferol in combinations)
as compared to that of their standard one except the combination-I which showed a non-
significant difference in the ingestion of vitamin D;. Hundred per cent mortality was attained
with a non-significant difference in the average time of mortality (days) during different
combinations as compared to that of standard bromadiolone and cholecalciferol baits (Table
16, Fig. 8b). Even the delay in the blood clotting time was statistically similar in all the
feeding trials irrespective of the concentration of the bromadiolone and cholecalciferol mixed
in bait (Table 16, Fig. 8c). A non-significant difference in the rise in serum calcium level
(mg/dL) was observed during the feeding of standard baits of bromadiolone, cholecalciferol
and their different combinations (Table 16, Fig. 8d). Results from comparative data (Table
15, Fig. 7) clearly indicated efficient rodenticidal potential of the combination-IV (0.001%
bromadiolone and 0.01% cholecalciferol) having the lowest concentration of bromadiolone
and cholecalciferol as 100% mortality of male house rats was achieved earlier than standard
bromadiolone (0.005%), standard cholecalciferol (0.075%), combination-I (0.0025%
bromadiolone and 0.05% cholecalciferol), combination-II (0.001% bromadiolone and 0.05%
cholecalciferol), and combination-III (0.0025% bromadiolone and 0.01% cholecalciferol). In
females, the least concentration of bromadiolone and cholecalciferol mixed in bait (0.001%
bromadiolone and 0.01% cholecalciferol) resulted in lowest ingestion of active ingredient

of total rodenticide as compared to standard bromadiolone, cholecalciferol and other
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Table 16: Comparison of rodenticidal potential of standard bait of bromadiolone and cholecalciferol and their different combinations against
female Rattus rattus in no-choice feeding trial.

143

Active ingredient of rodenticide ingested .
= Average time Delay in Rise in
Feeding trial Body (mg/kg bw) (n=5 days for 100% | Iy . o
weight (g) Total Bromadiolon Vitamin D mortality 00d clotting | - serum cacium
Rodenticide 0 /";‘( ‘t’)o € "’}k b 3 (days) time(sec)* level (mg/dL)*
Standard bromadiolone 126.6+1.47 245.90+3.69 245.90+3.69 - 4.00+0.00 45.00+3.39 -
Standard cholecalciferol | 128.3+1.10 98.02+3.28 - 98.02+3.28 9.66+0.80 - 3.21+0.21
Combination-I 140.0+0.91 222.4342.455 111.21£1.81* | 111.21+1.81 3.66+0.49 56.66+0.62 5.86+1.53
Combination-IT 121.0+0.85 203.23+3.16° 58.06£1.68" | 145.16+2.66" 3.66+0.24 65.00+0.87 6.17+0.16
Combination-III 151.6+1.67 96.20+1.46° 80.16+1.34* 16.03+0.60° 3.33+0.25 70.00+0.84 5.96+0.95
Combination-IV 140.3+1.21 46.88+1.35° 30.88+1.06 15.4440.75° 4.00+0.40 65.00+0.87 2.94+0.92
CD at 5% level - 81.40 63.24 38.08 NS NS NS

o *refers difference of the values between 48 hours and 0 hour of feeding

e Standard bromdiolone (0.005%), standard cholecalciferol (0.075%), Combination-I (0.0025%bromadiolone and 0.05% cholecalciferol),
Combination-II (0.001% bromadiolone and 0.05% cholecalciferol), Combination-III (0.0025% bromadiolone and 0.001% cholecalciferol),
Combination-IV (0.001% bromadiolone and 0.01% cholecalciferol)

NS represents the non-significant difference among the different feeding trials

S represents the significant difference among the different feeding trials

a refers the significant difference of the values at 5% level among different combination with respect to standard bromadiolone feeding

b refers the significant difference of the values at 5% level among different combination with respect to standard cholecalciferol feeding
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Fig. 8: Comparison of rodenticidal potential of standard bait of bromadiolone and
cholecalciferol and their different combinations against female Rattus rattus in no-
choice feeding trials

(a) Total active ingredient ingested (mg/kg bw)
(b) Average time for 100% mortality (days)
(c) Delay in blood clotting time (sec)

(d) Rise in serum calcium level (mg/dL)
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combinations and was able to cause 100% mortality with an average of 4 days of the feeding

of combination-IV (Table 16, Fig. 8).

The combination (combination-IV) having lowest concentration i.e. 0.001%
bromadiolone and 0.01% cholecalciferol in both male and female house rats was having the
efficient rodenticidal potential because of the combined effect of bromadiolone
(anticoagulant) and cholecalciferol (sub-acute poison), as synergism increases the
rodenticidal activity of the formulated baits as compared to their standard baits and such
combined preparations can also be widely used for the eradication of rats resistant to
anticoagulants (Zatsepin et al 2006). Literature also indicated that calciferol or warfarin baits
given individually to R. rattus produced partial mortality, however in combination produced
a complete killing. Excess of calcium due to cholecalciferol and the unavailability of vitamin
K due to the action of bromadiolone might explain the added effectiveness of cholecalciferol,
indicating that cholecalciferol and bromadiolone act on different loci in the same process of

blood physiology (Mukhta Bai et al 1978).

There is an important feature of calciferols (vitamin D, and vitamin Dj;) toxicology
that they are synergistic with anticoagulant toxicants, it means that mixture of anticoagulant
and calciferols in same bait are more toxic than sum of toxicities of anticoagulant and the
calciferol in the bait. Thus, a massive hypercalcaemia effect can be achieved by a
substantially lower calciferol content in bait and vice-versa, a more pronounced
anticoagulant/hemorrhagic effects are observed if the calciferol is present. This synergism is
mostly used in calciferol low concentration baits, because effective concentration of
calciferols is more expensive, than effective concentration of the most anticoagulants. Such
type of synergistic calciferol based baits having less concentration of anticoagulant are
considered generally safer to birds and other non-target species than anticoagulants or acute

toxicants (Anonymous 1998).
4.3.6 Comparative costs of different formulated baits

When standard baits of bromadiolone and cholecalciferol were prepared, the cost of
rodenticide for preparation of their 1 kg bait was Rs 24/- and Rs 1239.95/-, respectively. Cost
of rodenticide used for preparation of 1 kg of combination-I, II, III and IV bait was Rs
838.63, Rs 831.43, Rs 177.32 and Rs 170.12, respectively (Table 17). Bromadiolone bait was
though cheaper as it cost only Rs 24/kg bait, but it is very toxic and has been found to have

primary and secondary toxic effects in non-target species (Brar and Sandhu 2000, Rao 2005).
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Table 17:

cholecalciferol.

Benefit in terms of Rs. during the formulation of rodenticidal baits having different concentrations of bromadiolone and

Quantity of rodenticide

Cost of rodenticide (Rs/kg of WSO bait)

Rodenticidal bait Bromadiolone Cholecalciferol Bromadiolone | Cholecaliferol Total cost
(9/kg of WSO bait) | (mg/kg of WSO bait)

Standard bromadiolone (0.005%0) 20 - 24.00 - 24.00
Standard cholecalciferol (0.075%0) - 750 - 1239.95 1239.95
Combination- 10 500 12.00 826.63 838.63
(0.0025%bromadiolone+
0.05% cholealciferol)
Combination-11 4 500 4.80 826.63 831.43
(0.001%bromadiolone +
0.05% cholealciferol)
Combination-111 10 100 12.00 165.32 177.32
(0.0025%bromadiolone+
0.01% cholealciferol)
Combination-1V 4 100 4.80 165.32 170.12
(0.001%bromadiolone +
0.01% cholealciferol)




Out of all the other feeding trials of combination baits, the combination-IV (0.001%
bromadiolone and 0.01% cholecalciferol) was found to be cost effective i.e. Rs 170.12/kg
(Table 17), as less amount of the costly chemical i.e. cholecalciferol is needed to prepare it,
while the efficiency and rodenticidal potential equivalent or more than that of standard baits
of bromadiolone and cholecalciferol and other combination baits is achieved (Tables 15 and
16) while spending less money i.e. Rs 170.12/kg of bait. As the concentration of
bromadiolone in combination-IV is reduced, its lethal effects to other non-target species will
also be reduced. Such type of combination could benefit in terms of reduction of active
ingredients whilst retaining the efficiency and minimizing the primary and secondary hazards

(Anonymous 1998).
4.4 Study of resistance towards standard bait of bromadiolone (0.005%) by house rats

The feeding of 0.005% bromadiolone for 5 days in no-choice, showed 100%
mortality of the male rats as all the rats (n=30) in these 10 feeding trials were found to be
dead within 2-9 days (Table 18). Similarly when 30 female house rats (grouped into 10 sets
having 3 rats in each) were fed on standard bait of bromadiolone (0.005%) in no-choice,
showed 100% mortality of female house rats within 2-9 days (Table 19). As no male and
female house rat was observed to survived after feeding of standard bromadiolone bait,
indicating 100% susceptibility and no resistance towards standard bromadiolone bait
(0.005%) by R. rattus. There are certain reports available in the literature showing resistance
towards anticoagulant (both first and second generation) rodenticides (Jackson and Ashton
1986, MacNicoll 1987, Buckle et al 1994, Greaves 1994, Misenheimer et al 1994, Lasseur et
al 2007, Yi et al 2009) which are specific against a particular rodent species like resistance
towards standard bait of bromadiolone (0.005%) by R. norvegicus (Buckle et al 2007,
Markussen et al 2007), M. musculus L (Rowe et al 1981), and M. musculus domesticus
(MacNicoll 1987, Misenheimer et al 1994). But on the other hand literature also reveals
efficient susceptibility of bromadiolone bait by different rodent species for e.g. M. musculus
showed 100% mortality in single dose of bromadiolone (Revathi and Yogananda 2006) and
R. rattus rufescens and R. norvegicus also showed 100% killing of these rats (Renapurkar
1993). These reports from different species also support the fact of no-resistance towards the
bromadiolone anticoagulant rodenticide as also observed in our studies, revealing that R.
rattus L found in the commensal situations of Ludhiana area showed no-resistance towards

standard bait of bromadiolone (0.005%).
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Table 18:  Rodenticidal potential and resistance towards standard bait of bromadiolone (0.005%) by male Rattus rattus in no- choice
feeding trial.
Average daily consumption of bait Total active Mortality Survived
Set Body (g /100g body weight), n=5 days ingredient ingested or Resistant
ight (mg/kg bw)
weight (g) ; rats (%)
Pre During Post (n=5 days) Percent Range (days)
treatment treatment treatment
| 132.0+1.38 | 8.35£1.25 3.10+0.680 1.45+0.721 168.13£2.17 100 6-8 0
1I 121.3+£1.68 | 7.08+0.268 3.4+0.44 0.446+0.52 126.62+1.45 100 5-8 0
I 151.6£1.88 | 5.13+0.704 3.4+0.778 1.00£1.21 125.31+£3.91 100 6-9 0
v 124.6+0.42 | 5.28+0.342 5.7+0.050 2.5+0.126 219.90+0.87 100 4-8 0
A% 106.0+0.48 | 6.7+0.265 6.6+0.138 1.91+0.00 215.66+2.31 100 4-7 0
VI 103.0+£0.00 | 7.1+0.816 6.6+0.488 2.9+0.00 274.66+2.34 100 4-7 0
viI 120.0+1.84 | 8.7+0.105 7.4+0.829 0.675+0.00 337.63+£7.10 100 4-6 0
VIII 143.3£2.01 8.3+0.145 6.2+0.362 3.87+0.00 225.97+3.30 100 2-8 0
IX 138.6+1.28 | 6.5+0.318 5.5+0.554 1.04+0.00 293.20+2.18 100 2-7 0
X 116.3£0.26 | 9.0+0.209 7.63£0.416 0.00=0.00 303.00+6.34 100 2-6 0

All values are Mean+S.E
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Table 19: Rodenticidal potential and resistance towards standard bait of bromadiolone (0.005%) by female Rattus rattus in no- choice
feeding trial.
Average daily consumption of bait Total active Mortality Survived
. S urvive
Body (g /100g body weight), n=5 days ingredient ingested _
Set - or Resistant
weight (g) . (mg/kg bw)
Pre During Post Percent | Range (days) rats (%)
treatment treatment treatment (n=5 days) ge lday
I 160.6+1.79 5.4+0.40 3.3+0.309 0.503+1.00 159.954+4.51 100 5-8 0
I 165.6+£0.55 | 4.6+0.496 2.1£0.054 0.80+0.899 173.69+2.99 100 4-8 0
111 134.0+£0.55 | 6.35+0.499 2.5+0.579 1.61+0.883 172.35+5.39 100 5-8 0
v 126.3+1.47 5.9+0.634 4.3+0.124 2.58+0.428 286.30+3.59 100 4-8 0
A% 138.0+2.51 4.7+0.87 4.3+0.328 2.77+0.280 333.33£1.00 100 5-9 0
VI 111.3£0.22 | 5.5+0.244 5.4+0.331 1.67+1.29 330.33+£3.37 100 4-6 0
VII 133.0£1.95 7.6+0.751 6.7+1.00 1.834+0.048 367.66+£5.86 100 4-9 0
VIII 111.0£0.61 7.2+0.179 6.5+£0.556 4.15+0.00 224.30+3.54 100 2-9 0
IX 128.0+1.49 | 7.6+0.213 5.8+0.310 1.08+1.22 251.76+6.26 100 7-9 0
X 135.3£2.05 | 8.4+0.325 6.7+0.495 1.64+0.963 337.33+5.87 100 2-7 0

All values are Mean+S.E




CHAPTER-V
SUMMARY

The present study entitled “Study on combined effect of bromadiolone and
cholecalciferol (Vitamin D;) against house rat, Rattus rattus Linnaeus” was carried out in the
Rodent Research Laboratory, Department of Zoology, Punjab Agricultural University,
Ludhiana. House rats were trapped from poultry farms, grocery shops, godowns, store houses
etc. of Ludhiana city and mature male and female house rats were selected and acclimatized
under laboratory conditions before starting the experiments. Standard baits of bromadiolone
(0.005%) and cholecalciferol (0.075%) and their combinations having different
concentrations of bromadiolone and cholecalciferol were prepared in WSO-mix bait and
were fed to house rats (3 males and 3 female) for 5 days in no-choice feeding trials. Both
male and female house rats showed good per cent acceptability of standard bait of
bromadiolone (0.005%) over plain bait i.e. 81.50+0.97 and 95.8043.19, respectively leading
to 100% mortality within 3-6 days in males house rats and all female rats died on 4™ day of
feeding. Ingestion of bromadiolone (anticoagulant) resulted in significant increase in blood
clotting time (sec) 118.3+1.86 and 100.04+3.08, respectively in male and female house rats
observed at 48 hours as compared to their values at 0 hour i.e. 71.60+1.00 and 68.3+1.02 sec.

Standard bait of cholecalciferol (0.075%) was less accepted than that of standard bait
of bromadiolone and its per cent acceptability over plain bait was 40.10£1.55 and
35.30+0.64, respectively in male and female house rats. After feeding of standard bait of
cholecalciferol complete kill of rats was observed within 4-10 days in males and 7-14 days in
female rats. House rats showed stop feeding behavior, as the consumption of cholecalciferol
treated bait was found to be significantly low from 3rd day onward as compared to the
consumption of plain bait during pre-treatment period. Ingestion of cholecalciferol caused
hypercalcaemia i.e. increase in the serum calcium level as the values of calcium
concentration in serum (mg/dL) was found to be significantly high i.e. 16.10+0.36 and
13.0940.43 respectively in male and female rats at 48 hours of feeding as compared to 0 hour
i.e. 7.50+0.26 and 9.88+0.50 (mg/dL).

Out of the four combinations of formulated baits (having concentration of
bromadiolone and cholecalciferol less than in their standard baits), i.e. combination-I
(0.0025%bromadiolone and 0.05% cholecalciferol), combination-II (0.001% bromadiolone
and 0.05% cholecalciferol), combination-III (0.0025% bromadiolone and 0.01%
cholecalciferol) and combination-I'V (0.001% bromadiolone and 0.01% cholecalciferol), the
acceptance and ingestion of combination-IV having the lowest concentration of

bromadiolone and cholecalciferol was found to be the lowest one, but even with this low



acceptance 100% mortality of both male and female house rats was achieved within the same
range of days (3-5 days) observed during the feeding of other three combinations
(combination-I, II and III). Male and female house rats consumed a good amount of all the
combined baits only for the first day of feeding, second day onward rats showed stop feeding
behavior. Delay in blood clotting time (sec) due to action of bromadiolone anticoagulant and
rise in serum calcium level (mg/dL) due to presence of hypercalcaemia causing agent
cholecalciferol in case of both male and female house rats fed on different combinations
clearly indicated the synergistic effect of these two chemicals mixed in baits. The results
obtained during the present study showed the comparable rodenticidal potential of the
combination-IV having the lowest concentration of bromadiolone and cholecalciferol in
comparison to the standard baits of bromadiolone and cholecalciferol and other three
combinations (combination-I, II, and III). This combination/formulated bait was also cost
effective, as the total cost for preparation of combination-IV was calculated to be Rs
170.12/kg which was lesser than the cost of standard bait of cholecalciferol and its other
three combinations.

Twenty experimental sets of male and female house rats (having 3 rats in each)
were conducted for evaluating the phenomenon of resistance by house rats towards
bromadiolone standard bait (0.005%). Feeding of 0.005% bromadiolone for 5 days in no-
choice showed 100 per cent mortality of both male and female house rats (n= 60) in these
feeding trials and rats were found to be dead within 2-9 days. No resistance was observed in
R. rattus L. trapped from commensal situations of Ludhiana area towards standard bait of
bromadiolone (0.005%) as complete killing of male and female house rats was recorded.

The results of the present study thus can be concluded by the following points:

1. Combination having lowest concentration of bromadiolone and cholecalciferol
(0.001% bromadiolone and 0.01% cholecalciferol) during the present study showed
efficient rodenticidal potential against both male and female house rats, R. rattus L.

2. Male and female house rats when fed on standard bait of bromadiolone (0.005%) showed

no resistance towards this anticoagulant.
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