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Development of insecticide resistance against conventional insecticides hinders the 

pest control program. In present study, insecticides bearing novel modes of actions were used 

to determine their toxicity against field collected and laboratory maintained susceptible 

strains of red flour beetle, Tribolium castaneum (Herbst) (Tenebrionidae: Coleoptera). 

Piperonyl butoxide (PBO) was mixed in different ratios with insecticides bearing novel 

modes of action to determine its synergistic affect. Specific activities of some enzymes like 

catalase, amylase, acid and alkaline phosphatases and acetylcholinesterase were determined 

before and after the treatment of insecticides alone and in mixture with PBO to find out their 

role in insecticide resistance.  

 The results have shown that emamectin had highest efficacy against deltamethrin 

resistant strain, R-MDA of T. castaneum with least LC50 value of 5.12ppm. The toxicity 

gradually decreased in case of abamectin (7.90ppm), lufenuron (478.42ppm), indoxacarb 

(3381.7ppm) and spinosad (23175.2ppm) against resistant strain R-MDA. 

 The overall results of bioassay revealed that dose of emamectin+PBO, and 

abamectin+PBO when mixed in 1:2 ratio were 62.89% and 91.15% less than that of 

emamectin and abamectin alone, respectively for LC50 against deltamethrin resistant strain, 

R-MDA of T. castaneum. Similarly, the results have shown that dose of the lufenuron+PBO, 

indoxacarb+PBO and spinosad+PBO when mixed in 1:4 ratio were 94.87%, 76.38% and 

99.87% less than that of lufenuron, indoxacarb and spinosad alone, respectively for LC50 

against deltamethrin resistant strain, R-MDA of T. castaneum. 

 The results of specific activities (IU) of catalase revealed a highly significant increase 

of 975.32%, 1006.33%, 1293.16%, 1094.92% and 762.94% after emamectin, abamectin, 

lufenuron, indoxacarb and spinosad treatments, respectively when compared with that of 

untreated. A percent decrease of 67.46%, 37.74% and 49.48% was observed after 

emamectin+PBO, abamectin+PBO and indoxacarb+PBO treatments, respectively when 

compared with that of untreated. Similarly 96.975%, 94.37% 94.87% 95.77% and 74.65% 

decrease after emamectin+PBO, abamectin+PBO, lufenuron+PBO, indoxacarb+PBO and 

spinosad+PBO treatments, respectively was observed in specific activity of catalase when 

compared with that of emamectin, abamectin, lufenuron, indoxacarb and spinosad treatments, 

respectively in 6th instar larvae of deltamethrin resistant R-MDA strain of T. castaneum. On 

the other hand, percent increase of 140.08% and 118.71% was observed in the levels of 

activities of catalase after the treatment of lufenuron+PBO and spinosad+PBO in R-MDA 

strain when compared with that of untreated. 
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 The results of specific activities (IU) of amylase revealed a significant decrease of 

51.46%, 44.52%, 46.71% and 63.81% after emamectin, abamectin, indoxacarb and spinosad 

treatments, respectively, when compared with that of untreated. A percent decrease of 

77.43%, 71.23% 26.26%, 74.24% and 84.33% was observed after emamectin+PBO, 

abamectin+PBO, lufenuron+PBO, indoxacarb+PBO and spinosad+PBO treatments, 

respectively, when compared with that of untreated. Similarly 53.51% 48.14%, 65.05% 

51.65% and 56.71% decrease after emamectin+PBO, abamectin+PBO, lufenuron+PBO, 

indoxacarb+PBO and spinosad+PBO treatments, respectively was observed in specific 

activity of amylase when compared with that of emamectin, abamectin, lufenuron, 

indoxacarb and spinosad treatments, respectively, in 6th instar larvae of deltamethrin resistant, 

R-MDA strain of T. castaneum. On the other hand, R-MDA strain showed percent increase of 

111.01% in specific activity of amylase after the treatment of lufenuron when compared with 

that of untreated. 

 The results of specific activities (IU) of acid phosphatase revealed a highly significant 

increase of 256.79%, 471.01%, 378.18% and 488.31% after emamectin, abamectin, lufenuron 

and indoxacarb treatments, respectively when compared with that of untreated. Similarly, 

percent increase of 199.23%, 181.90%, 271.56%, 153.90% and 124.96% was observed after 

emamectin+PBO, abamectin+PBO, lufenuron+PBO and indoxacarb+PBO treatments, 

respectively was observed in specific activity of acid phosphatase when compared with that 

of emamectin, abamectin, lufenuron and indoxacarb treatments, respectively in 6th instar 

larvae of deltamethrin resistant, R-MDA strain of T. castaneum. R-MDA exhibited 92.25% 

decrease in specific activity of acid phosphatase after the treatment of spinosad than that of 

untreated. R-MDA also exhibited a highly significant increase of 2803.19% in level of 

specific activities of acid phosphatase after the treatment of spinosad+PBO than that of 

spinosad alone. 

 The results of specific activities (IU) of alkaline phosphatase revealed percent 

increase of 19.82%, 53.73%, 88.82% and 51.51% after emamectin, abamectin, lufenuron and 

indoxacarb treatments, respectively when compared with that of untreated. Contrary, percent 

decrease of 7.15%, 10.98% and 7.13% was observed after emamectin+PBO, 

indoxacarb+PBO and spinosad+PBO treatments, respectively when compared with that of 

untreated. Similarly, 22.51%, 33.46%, 0.66% and 41.24% decrease after emamectin+PBO, 

lufenuron+PBO and indoxacarb+PBO treatments, respectively was observed in specific 

activity of alkaline phosphatase when compared with that of emamectin, abamectin, 
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lufenuron and indoxacarb treatments, respectively in 6th instar larvae of deltamethrin 

resistant, R-MDA strain of T. castaneum. A percent increase of 2.29% and 87.57% in the 

specific activity of alkaline phosphatase after the treatment with abamectin+PBO and 

lufenuron+PBO was observed when compared with that of untreated. When comparison was 

made between spinosad treatment and control, the results revealed that R-MDA strain 

exhibited percent decrease of 7.70% after the treatment of spinosad. The results also revealed 

that R-MDA strain showed a non-significant increase of 0.62% in the level of specific 

activities of alkaline phosphatase after the treatment of spinosad+PBO when compared with 

that of spinosad treatment. 

 The results of specific activities (IU) of acetylcholinesterase revealed a significant 

increase of 8282.52%, 9860.94%, 10549.36%, 7639.0% and 3543.51% after emamectin, 

abamectin, lufenuron, indoxacarb and spinosad treatments, respectively, when compared with 

that of untreated. A percent increase of 290.52%, 519.63%, 803.11%, 451.10% and 430.75% 

was observed after emamectin+PBO, abamectin+PBO, lufenuron+PBO, indoxacarb+PBO 

and spinosad+PBO treatments, respectively, when compared with that of untreated. Contrary, 

95.34%, 85.43%, 91.52%, 92.88% and 85.43% decrease after the emamectin+PBO, 

abamectin+PBO, lufenuron+PBO, indoxacarb+PBO and spinosad+PBO  treatments when 

compared with that of emamectin, abamectin, lufenuron, indoxacarb and spinosad treatments, 

respectively, in 6th instar larvae of deltamethrin resistant, R-MDA strain of T. castaneum. 

 The study described in the thesis, as exemplified by work on five enzymes, has shown 

that PBO worked as enzyme inhibitor hence enhanced the toxicity of five insecticides bearing 

novel modes of action up to many folds against 6th instar larvae of T. castaneum.      
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Pakistan is an agricultural country so all its socio-economic progress and 

prosperity is linked with modernization in agriculture. It is the leading sector of the 

economy and contributes 25% share in gross domestic product (GDP). Agriculture 

sector provides employment to 44% of the population and contributes significantly to 

export earnings. Wheat, rice, cotton and sugarcane add 36.5% on an average to the 

value in agriculture while, crops such as pulses, potato, vegetables, fruits etc. account 

for 10% of value added. Wheat is the main source of food grain of Pakistan which 

contributes 14.4% to the value added in agriculture and 3.1% to GDP so country's 

agricultural policies revolve around it (Economic Survey of Pakistan, 2009-2010). 

 

1. 1. Pre-harvest losses 

 

Many insects such as grasshoppers, crickets, aphids, army worms etc. damage 

wheat crop even when the crop is standing in the field while grasshoppers and 

termites cause severe damage to the seedlings in arid areas. Aphids and army worms 

attack the crop in spring and cause considerable losses under field conditions. These 

pests consume the ears, including awns, immature grains, tender as well as the older 

leaves. Rodents are not a big threat to the seedling but become serious at the ripening 

stage. Similarly, birds cause considerable damage to the early and late wheat crop by 

eating the seeds before or after emergence of the plant from the spikes or sometimes 

ears are completely shattered. 

 

 1. 2. Post-harvest losses 

 

The general construction of stores or granaries at domestic level is done from 

the materials like bricks, mud, reeds, paddy straw and split bamboo. Most of the 

farmers store wheat in bins, drums or jute bags and pile them up in rooms lacking 

proper flooring, closed doors or windows. In Pakistan, almost 70% of farmers store 

wheat in bags so at this stage wheat loss by insect pest is highest.  

  

1. 3. Tribolium castaneum (Herbst) a major stored grain insect pest 

 

Red flour beetle, Tribolium castaneum (Herbst) (Tenebrionidae: Coleoptera) is 

considered as one of the well-known, most important and serious pests of wheat flour 
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and other grain products in Pakistan (Saleem and Shakoori, 1989) and several other 

countries of the world (Howe, 1965; Champ and Dyte, 1977). It is favored by shelter 

i.e. temperature and humidity so prefers to live in granaries and warehouses. It has 

been reported from grains, flour, beans, cotton seeds, shelled nuts, dried fruits and 

vegetables, chocolates, dried milk and cereal products (Weston and Rattlingourd, 

2000). Both its larval and adult stages cause damage. It is considered as a secondary 

pest, as it does not feed on whole grains. Its severe infestation turns wheat flour 

grayish that contains cast skins and fecal pellets. In extreme cases, unpleasant odor 

caused by secretion from adults is characteristic identification with pinkish flour. 

Infested wheat undergoes rapid germination. It has chewing mouth parts and allergic 

response (Alanko et al., 2000). Post-harvest losses due to microbes, insects and other 

factors are estimated to be 10-25% annually of the total worldwide production 

(Matthews, 1993). 

 

1. 4. Conventional practices for the control of T. castaneum in Pakistan  
 

T. castaneum can either be controlled by management practices or with the 

help of grain protectants, fumigations including such insecticides that have shortest 

possible residual effects. Although fumigation is the most common method and 

emphasized practice for the control of stored insect pests but we also rely on 

insecticides to get good control against pest. Two groups i.e. Organophosphates (OP) 

and Synthetic Pyrethroids (SP) have been the most popular insecticides to control the 

infestation of stored grain insect pests in the recent past. 

 

1. 5. Natural selection of insect pests against several commonly used insecticides 

 

Resistance is the ability in an individual of a species to withstand doses of 

toxic substances that would be deadly to the majority of the individuals in a normal 

population (Subramanyam and Hagstrum, 1995). Resistance can also be defined as it 

is a characteristic property of a population that can no longer be controlled adequately 

by the recommended doses of pesticides that give good control of other population of 

the same species. There is a difference between the terms, natural tolerance and 

resistance. Natural tolerance is the state where the normal susceptible variants of a 
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given species are unaffected by the doses whereas the same dose is known to be 

generally effective on other pests.  

At first stage Incipient Resistance develops by natural selection and builds up 

resistant genes in the population. Later it is converted in permanent resistance which 

becomes apparent as a significant control failure. When such resistance is suspected 

under practical conditions, it is important to confirm it rapidly and discount other 

factors that might have also affected insecticide performance adversely (Devonshire, 

1987).  

Wide spread resistance against OP grain protectants and fumigants in different 

stored product insects have been reported from different parts of the world 

(Subramanyam and Hagstrum, 1995). Malathion resistance was detected at its highest 

in all T. castaneum strains. Similarly non specific malathion resistance was also 

determined in a few strains of T. castaneum (Dyte, 1991). 

Resistance was detected in lesser grain borer, Rhyzopertha dominica, collected 

from 8 sites of Minas Gerais, Sao Paulo and Brazil along with 7 sites from northeast 

Kensas against chlorpyriphos-methyl, pirimiphos-methyl and malathion. Resistance 

ratios of malathion ranged from 2.4 to 9.2 folds and for chlorpyrifos-methyl it ranged 

from 5.6 to 167.9 folds. Resistance evolved against chlorpyrifos was a result of 

selection to other OP insecticide in Brazil (Guedes et al., 1996). 

Resistance among population of T. castaneum is wide spread through out the 

world (Saleem and Shakoori, 1984). While comparing resistance, detected in T. 

castaneum, Rhyzopertha dominica and Sitophilus oryzae against phosphine it was 

found that mortality of each of these species at the diagnostic dose varied within and 

among countries (Taylor and Halliday, 1986). Resistance becomes a serious concern 

to importing countries as resistant strains travel through grain trade e.g. a strain of 

Cryptolestes ferrugineus that was highly resistant to phosphine, was found in the 

commodities imported from India to United Kingdom. (Dyte and Halliday, 1985). 

Saleem and Shakoori (1989) reported 40 fold and 56 fold resistance in adult 

beetles and sixth instar larvae of T.castaneum, respectively, against malathion in Pak 

strain, a field collected strain. Saleem and Shakoori (1990) also reported that larvae 

and adults of T. castaneum were found resistant against eight pyrethroids, OP and OC 

compounds. T. castaneum has developed resistance against chlorinated hydrocarbons 

(e.g. BHC), OP (malathion, fenitrothion, primiphos-methyl), carbamates and certain 

fumigants (Speirs and Zettler, 1969; Dyte and Blackman, 1970; Bhatia and Pradhan, 
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1972; Zettler and Jones, 1977). Twenty-one strains of R. dominica and 8 strains of T. 

castaneum, collected from wheat stored at farms in Oklahoma, USA were tested for 

resistance to phosphine, malathion and chlorpyrifos-methyl. Results showed that all 

strains of T. castaneum were found resistant to malathion, dichlorovos and 

chlorpyrifos-methyl and 8 of 21 strains resistant to phosphine (Zettler and Cuperus, 

1990). 

 

1. 6. Mechanism of insecticide resistance 

  

There are different ways or mechanisms by which resistant insects detoxify 

insecticides (Georghion, 1972). Enzymes such as the mixed function oxidases 

(MFOs), hydrolases and transferases are responsible for the detoxification of OPs, 

carbamates and pyrethroids. Some other mechanisms like carrying of insecticide to 

the target site (nervous system) reduced penetration, insensitivity of the target site and 

increased excretion also confer resistance. MFOs have broad substrates specificities, 

that render lipophilic chemicals more polar and hence more readily excreted either 

directly or after conjugation of sugars to the hydroxyl group they have introduced. 

The alkylation of thiol group using both aromatic and aliphatic compounds as 

doners of glutathione is catalyzed by the glutathione transferases. This is a common 

metabolic route for OP insecticides, which lead to ester bond cleavage and hence 

detoxify.  

The esterases, which constitute the third group of enzymes, affect the 

hydrolytic cleavage of ester bonds present in most insecticides although in some 

circumstances, esterases can also act by merely sequestering a large proportion of 

toxic dose of an insecticide (Devonshire and Moores, 1982).  

 

1. 7. Need of insecticides bearing novel modes of action 

 

Since the insect pests have developed resistance against all conventional 

insecticides, therefore, it has become all the more imperative to search for more 

potent toxicants. It is clear from the reviewed literature that most effective 

insecticides against stored grain insect pests have been OPs and pyrethroids. In the 

years 1940s and 1950s scientists were shocked to know that insects were capable to 

metabolize modern synthetic organic insecticides, which were often associated with 
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an enhanced metabolic detoxification mechanism. At that time it was difficult for the 

scientists to comprehend how can an organism possibly attain the complex enzymatic 

machinery necessary to metabolize such a chemical? Could it really be that a 

chemical itself was in some way dictating the synthesis of new enzyme? 

It is now known that insects or any other organism have a variety of 

mechanisms that allows them to survive exposure to a number of potentially 

hazardous chemicals of both biotic and abiotic origin. Probably the most important of 

these mechanisms is a remarkably effective biochemical defense system that is as 

proficient against man made chemicals as it is against naturally occurring chemicals 

for which it was selected (Wilkinson, 1980). Our aim is to find safe alternatives that 

are of low cost, having novel modes of action, convenient to use and environment 

friendly. To control this and many other important insect pests, our ability is seriously 

threatened by residues of toxicants on stored grains that may harm consumers and 

increasing costs of applications (Dyte and Blackman, 1970; Champ and Dyte, 1977; 

Saleem and Shakoori, 1989). 

Therefore, there is an urgent need for the development of such insecticides 

those are environment friendly, novel in action, specific to insects and less toxic to 

vertebrates (Ishaaya and Degheele, 1998).  

 

1. 7. 1. Spinosad 

Spinosad is a new broad-spectrum, organic insecticide which consists of two 

complex compounds, spinosyn A and spinosyn D that are formed by certain microbes 

in the soil. Being "broad-spectrum" surprisingly, it is relatively non-toxic to 

mammals. Spinosad becomes toxic when ingested and contacted wet so can be 

recommended to use around non-target species and beneficial insects. 

Its novelty is to act primarily at the nicotinic acetylcholine receptor in the 

nerve synapses (Salgado et al. 1998). The mode of action is unique i.e. spasmatic 

paralyses of muscles take place due to the continuous activation of motor neurones 

and the insect dies from exhaustion. There may be some effects on the GABA and 

other nervous system components (Salgado 1997; Thompson et al., 2000). Spinosad is 

placed in resistance management programmes due to its  unique mode of action and 

safety  for non-target predatory insects.  
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1. 7. 3. Abamectin 
 

Abamectin is a mixture of two components i.e. avermectin B1a and 

avermectin B1b that are derived from Streptomyces avermitilis (soil bacterium) and 

possesses insecticidal or anthelmintic property (Hayes and Laws, 1990).  

Abamectin acts on blood-brain barrier protected specific type of synapse and 

is located with in the brain by interfering in neural and neuromuscular transmission of 

an insect. However, mammal’s blood-brain barrier can be penetrated at very high 

doses that may result in excitation, incoordination, tremors, pupil dilation and lethargy 

which are forms of depression of central nervous system. Respiration failure occurs in 

case of high dose which causes death (Hayes and Laws, 1990). 

Abamectin has a powerful affinity with the soil particles so remains immobile 

and due to its insolubility in water, it is unlikely to leach or contaminate groundwater 

(U.S. Environmental Protection Agency, 1990). Abamectin is rapidly degraded in the 

soil and compounds produced hence are also immobile and unlikely to contaminate 

groundwater. Due to its rapid photo-degradation, its half-lives ranges from 8 to 21 

hours or 1 day at the soil surface (U.S. Environmental Protection Agency, 1990).  

 

 
Fig. 4. Structural formula of Abamectin 
 
 
1. 7. 4. Indoxacarb 

 

Indoxacarb being non-systemic insecticide is used to control sucking insects 

and is considered a reduced risk pesticide. Its name refers to the S-isomer of the 

molecular structure. It acts as contact poison and also affects insects when ingested. 

Feeding stops almost immediately as it is absorbed or ingested. It blocks the sodium 

ions flow into the nerve cells by binding with a site on sodium channels hence kills 

the insects by showing the gradual symptoms of impaired nerve function, cessation of 
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wide spectrum pesticides not only increase the non-target organism mortality, but also 

other animals can seriously be affected (Baki et al., 2005). Therefore, the use of 

botanical pesticides or plant extract as synergist could be of great benefits, both 

economically and ecologically, since tests have proved that synergists increase the 

toxicity of insecticide only towards the insects and not towards higher animals 

(Champ and Campbell-Brown, 1970).  

 

1. 8. 1. Piperonyl butoxide (PBO) 

 

Piperonyl butoxide is a synergist mixed with a wide range of pesticides 

containing chemicals such as organo phosphates, carbamates, pyrethroids, pyrethrins 

and rotenone. It is frequently used, especially in aerosol products and mosquito 

sprays, to increase the potency of pyrethrin and synthetic pyrethroids, as well as other 

types of insecticides (Cox and Caroline, 2002). Products generally contain between 

five to ten times as much PBO as pesticide (US Dept. of Health and Human Services, 

2003). According to surveys by the Environmental Protection Agency (EPA), PBO is 

one of the most commonly used ingredients in insecticides. It is currently found in 

approximately 1600-1700 registered pest control products. Key raw material in the 

development of peronyl butoxide is a naturally-occurring safrole (Knowles, 1991; 

Tozzi, 1998). It is a colorless to pale yellow liquid which is insoluble in water. 

Researchers also consider it to be non-corrosive. It does not allow the insects to 

breakdown the pesticides (Knowles, 1991; Hodgson and Levi, 1998). If PBO is not 

mixed, an insect can easily degrade a pesticide before producing any affect by using 

different detoxification mechanisms. Its addition reduces the amount of pesticide 

required to be effective (Olkowski et al., 1991). The first step in breakdown of drugs 

insecticides and many other compounds is oxidation by a family of enzymes, P450 

mono-oxygenases. PBO inhibits the activity of these enzymes. If the breakdown 

product is less toxic than the insecticide itself, the insecticide remains toxic longer 

when PBO inhibits the P450 enzymes (Hodgson and Levi, 1998).  
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catalytic reactions do not include hydrolysis or oxidation. Common examples  

under this class are aldolase and decarboxylase.  

5- isomerases 

isomerases are used to catalyze the rearrangements of atomic structures within  

a molecule. Notable examples are racemase and epimerase. 

6- Ligases 

Ligases are the enzymes that speed up the joining of two molecules. DNA 

ligase, RNA ligase, peptide synthase and aminoacyl-tRNA synthetase are 

some enzymes under this class. 

 

1. 10. Role of enzymes in insecticide metabolism 

 

Insects during the course of their lifetime are exposed to a large number of 

xenobiotics including a variety of insecticides and food components. Day to day 

development in insecticide formulations that have little association with previously 

developed compounds and their frequent application enable insects to use complex 

systems of broad specificity detoxification enzymes. The potential of damage from 

insecticides is thus minimized using these enzyme systems. 

 In 1947, R. T. Williams proposed that compounds could be biotransformed in 

two phases. Phase I i.e. fictionalization, in which oxygen is used to form a reactive 

site and phase II i.e. conjugation, in which addition of water-soluble group takes place 

to the reactive site. When a water-soluble compound, able to be removed in urine is 

made from a lipophilic compound, not able to be excreted in urine is known as 

biotransformation.  

Xenobiotic metabolism is generally divided into two or possibly three phases: 

phase I, phase II (Testa and Janner, 1976) and more recently phase III. Phase I 

metabolism involves oxidation, reduction, hydrolysis and hydration as well as 

isomerisation which is a series of fictionalization reactions. Some other rare 

miscellaneous reactions also take place in this phase I. These reactions introduce polar 

functional groups on the xenobiotic molecule so that they can easily be metabolized in 

phase II reactions. In phase II metabolism, conjugation of different groups such as, 

sulfuric acid, glucuronic acid, amino acids and acetic acid takes place either directly 

with its phase I products or with a foreign compound. Conjugation reactions usually 

produce hydrophilic products so that they can easily be excreted in bile and urine 
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compared with their substrates or phase I metabolites. As large reduction in toxicity is 

the result of phase II metabolism so it is considered as a real detoxification pathway 

of compounds. (Gorrod, 1978; Jakoby and Ziegler, 1990; Gibson and Skett, 1994). In 

recent years, the Phase III detoxification system has been defined as an antiporter 

activity (p-glycoprotein or multidrug resistance)(Benet, 1997). In antiporter activity 

pesticide is pumped out of the cell by efflux pump that consumes energy, thereby 

decreasing the intracellular concentration of xenobiotics. (Chin et al. 1993). Phase III 

metabolism has been proposed involving further metabolism of conjugates that are 

excreted in bile as these products are further reabsorbed and metabolized.   

Following are the enzymes required for xenobiotic metabolism: 

1- Microsomal oxidative enzyme of phase I metabolism. 

(a)- Cytochrome P-450 dependent mixed function oxidases (MFO) or mono  

oxygenase system. 

(b)- Flavin containing monooxygenase (FMO) system 

(c)- Other phase I oxidative enzymes. 

2- Reductive enzyme systems of phase I metabolism. 

3- Hydrolytic phase I enzymes. 

(a)- Esterases 

(b)- Epoxide hydrolases 

4- Enzymes of phase II metabolism. 

 
1. 10. 1. Catalase 

 

Catalase is one of the common enzymes found in almost all living organisms 

that respire aerobically. It speeds up the decomposition of hydrogen peroxide to water 

and oxygen (Chelikani et al., 2004). The four porphyrin heme (iron) groups present in 

enzyme allow it to react with the hydrogen peroxide.  

H2O2 is toxic to most living organisms that destroy it enzymatically and 

protect the tissues from highly reactive hydroxyl radicals (Chance and Greenstein, 

1992). Two steps are involved in speedy breakdown of hydrogen peroxide. Firstly, 

enzyme binds itself with the molecule of hydrogen peroxide and breaks it apart, 

followed by the extraction and attachment of one oxygen atom with the iron atom 

whereas, rest is released as harmless water. In the second step another hydrogen 

peroxide molecule binds with enzyme, breaks apart and pieces combine with the 
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previously released iron-bound oxygen atom and releases water and oxygen gas. The 

overall reaction is shown below 

 

Although this reaction occurs spontaneously, enzymes increase the rate considerably. 

 

1. 10. 2. Amylase 

Amylase catalyzes the lyses of starch into sugars i.e. hydrolyse dietary 

polysaccharides, glycogen and starch by randomly slicing internal bonds into 

disaccharides and trisaccharides. It plays an important role in the utilization of 

polysaccharides so is widely distributed in various plants and animals also in bacteria 

and fungi. Some eukaryotes perform extra-cellular digestion by secreting amylases to 

the outside of their cells and absorb soluble end product i.e. glucose or maltose when 

larger complex molecules of starch are broken down.  

On the basis of the breakdown activity of starch molecules, amylases are classified as 

under: 

1- α-amylase (alpha-amylase) - Reduces the viscosity of starch by breaking  

down the bonds at random, therefore producing varied sized chains of glucose.  

2- ß-amylase (beta-amylase) - Breaks the glucose-glucose bonds down by  

removing two glucose units at a time, thereby producing maltose.  

3- Amyloglucosidase (AMG) - Breaks successive bonds from the non- 

reducing end of the straight chain, producing glucose. 

 

1. 10. 3. Acid phosphatase 

 

Acid phosphatases (AcP) are a family of enzymes that work under acid 

conditions and are produced in the liver, spleen, bone marrow and the prostate gland 

of the human body but in smaller organism these are produced in tissues and 

lysosomes. They produce inorganic phosphate by catalyzing the hydrolysis of 

monoesters and anhydrides of phosphoric acid. They are stored in acidified lysosomes 
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and perform functions when gets fused with endosomes therefore, it has an optimum 

acid pH . 

 
Orthophosphoric monoester + H2O → alcohol + H3PO4 

 

They are very important for the synthesis, carrying, and recycling of phosphate for 

the metabolic processes in the cell responsible for the release of energy so they are as 

important as kinases in regulatory processes (Vincent et al., 1992). AcP not only play 

role in general metabolic reactions but also are involved in hydrolysis of phytins, 

protein phosphates, ATP and nucleotide phosphates (Fincher, 1989). 

 

1. 10. 4. Alkaline phosphatase 

Alkaline phosphatase (AkP) is a broad term associated with non-specific 

phosphomonesterases. It is a hydrolase enzyme responsible for dephosphorylation i.e. 

removing phosphate groups from many types of molecules, including nucleotide, 

proteins, and alkaloids with activity optima at alkaline pH. It is sometimes used 

synonymously as basic phosphatase (Tamas et al., 2002).  

Orthophosphoric monoester + H2O → alcohol + H3PO4 
 

1. 10. 5. Acetylcholinesterase 

Acetylcholinesterase (AChE) is key enzyme in the nervous system of 

hydrophilic species that degrades hydrolytically the acetylcholine, a neurotransmitter 

into choline and an acetate group. AChE terminates neurotransmission at cholinergic 

synapses. It is a very fast enzyme; about 25000 molecules of acetylcholine are broken 

down into cholines by one molecule of AChE per second. The product is recycled and 

then carried back into nerve terminals and is used to synthesize new acetylcholine 

molecules (Dale et al. 2008). Multiple molecular forms of AChE bear similar catalytic 

properties, but are different in the way of attachment to the cell surface and their 

oligomeric assembly. The reaction is shown as under: 

Acetylcholine + H2O → Choline + Acetic acid 
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1. 11. Objectives of the present study 

This work is expected to help in understanding the chemical control 

mechanism of stored grain insect pests and biochemical basis of insecticide resistance 

in T. castaneum. This study can provide some information that can be used to develop 

future pest control program. 

The objectives of the present study are therefore summarized as under: 

1- Determination of LC50 values of the insecticides bearing novel modes of 
action. 

2- Determination of synergistic effect of PBO in different ratios with insecticides 
bearing novel modes of action. 

3- Determination of specific activities of catalase, amylase, acid and alkaline 
phosphatase and acetyl cholinesterase before and after the treatment of 
insecticides bearing novel modes of action. 

4- Determination of specific activities of catalase, amylase, acid and alkaline 
phosphatase and acetyl cholinesterase after the treatment of (PBO + 
insecticides bearing novel modes of action) mixture. 

5- Determination of biochemical bases of insecticide resistance in T, castaneum. 

6- To develop a better chemical control mechanism for stored grain insect pests  
in future. 
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2. 1. Biological materials 

 

About 30-100 adult beetles of T. castaneum were collected from different 

godowns at farmer level, government stores and flour/feed mills located in major 

wheat growing cities of Pakistan such as D G Khan (DGK), Multan (MUL), Vehari 

(VRI), Faisalabad (FSD), Chiniot (CHT), Jhung (JNG), Lahore (LHR), Sahiwal 

(SWL) and Karachi (KCR). Phosphine resistant (R-Phos) strain was collected from 

the University of Karachi while reference strain was obtained from the University of 

Sussex (Lab UK). Deltamethrin resistant (R-MDA) as well as deltamethrin 

susceptible (S-MDA) strains were developed in the laboratory. All the adults were 

reared in glass jars (300 mL) on wheat flour mixed with yeast (10:1 w:w) sterilized at 

60°C for 90 min covering the mouth with fine cloth to restrict either escape of the 

adults or entry of mites. The culture was kept in a temperature controlled room 

maintained at 30±1°C and 65±5% relative humidity at the Stored Product Insect 

Laboratory, Department of Entomology, University College of Agriculture, 

Bahauddin Zakariya University, Multan, Pakistan in year 2006-07, without any loss of 

fitness. After 72 h, the culture was sieved through 500 μm mesh to separate the adults 

and the eggs from the flour to maintain the subculture. In this experiment, thirty 6th 

instar larvae with 48 h age were used for bioassay. Each experiment was replicated 

five times. 

 
2. 2. Selection of deltamethrin susceptible strain 
 

 

Seven different strains were collected from different locations of wheat 

growing regions of Pakistan. Ten pairs of adults of each strain were crossed. 

Bioassays of 6th instar larvae were used to identify strains susceptible to deltamethrin 

in F1 progeny. The larvae of strain in which insecticide concentration (LC20) caused 

100% mortality after 48 h, were used to get F2 progeny. 100% mortality after 48 h in 

6th instar larvae of F2 progeny at LC10 was used to propagate the susceptible strain 

and was designated as S-MDA.  
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2. 3. Generation of deltamethrin resistant strain 
 
 

Fifty 6th instar larvae of both male and female of F1 progeny from crosses of 

ten pairs of collected strains were tested with LC90 of deltamethrin. The larvae of 

strains that showed 0% mortality after 48 h at 0.25ppm were reared to adults. The ten 

pairs of adults were crossed again and 6th instar larvae of F2 were exposed to 0.5ppm 

for 48h. The survivors were reared and ten pairs were crossed. The 6th instar larvae of 

F3 were tested with 1ppm. Larvae that showed 0% mortality were reared. The same 

procedure was followed by increasing the concentration until F8 when it was tested 

with 32ppm of deltamethrin. The survivor larvae were reared and the strain was 

selected to be used as resistant strain in the present study and designated as R-MDA. 

 
2. 4. Toxicants used  

 

Commercially available formulations of five different insecticides bearing 

novel modes of action viz. spinosad, emamectin, abamectin, indoxacarb and lufenuron 

were used in the present study.  

 
2. 4. 1. Spinosad  

 

Spinosad 240 SC, (Tracer®; Dow Agro Sciences) is fermented derivative of 

naturally occurring soil bacterium, Saccharopolyspora spinosa isolated from a 

Caribbean soil sample. Structurally they are tetracyclic-macrolide compounds. Many 

other spinosyn compounds are produced by S. spinosa, but commercial insecticide 

production was made on the basis of spinosyns A and D only. 

Spinosad is highly effective when ingested but efficacy decreases when used 

as a contact poison. Spinosad-based insecticides have been used against Diptera, 

Lepidoptera, some Coleoptera, termites, thrips and ants in more than 30 countries of 

the world. United States Environmental Protection Agency declared it as 

environmentally and toxicologically reduced risk material. It also has low mammalian 

toxicity. 

2. 4. 2. Emamectin 
 

Emamectin 1.9 EC (Proclaim®; Syngenta Crop Protection) is naturally-

derived, semi-synthetic product of avermectin family. In 1984, researchers 
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implemented a lead optimization screen to produce a second-generation emamectin 

benzoate which is broad-spectrum lepidoptericide.  

Disruption of nerve impulses followed by termination of cell function in insect 

pests is the result of interference in neurotransmitters by emamectin benzoate. It has 

high efficacy when ingested by insects in the field whereas, it remains active after a 

short period of contact application. Larvae after the exposure to emamectin benzoate 

stop feeding that subsequently leads to death with in 2 to 4 days. Although emamectin 

benzoate is not ovicidal, research shows that young larvae usually die by eating lethal 

dose from treated egg shells while coming out.  

 
2. 4. 3. Abamectin 

 

Abamectin 1.8 EC (Agrimec®; Syngenta Crop Protection) is a neurotoxin. It is 

obtained by the natural fermentation of bacterium and is comprised of more than 80% 

avermectin B1a and less than 20% avermectin B1b which are very similar in 

toxicological and biological properties (Lankas and Gordon, 1989; Meister, 1992). 

Being neurotoxin, it affects the nervous system of insects and kills them by paralyzing 

so is used to control insect and mite pests of citrus, pear, and nut tree crops. 

 
2. 4. 4. Indoxacarb 
 

 Indoxacarb (Steward® 150 SC DuPontTM) has a new mode of action, acts by 

blocking the sodium channels of the nervous system of insects, followed by paralysis 

and death. It is effective as the insect stops feeding immediately after having made 

contact. It has larvicidal action. 

Indoxacarb is considered as a good replacement of organophosphates (OPs) 

and designated as “reduced-risk” pesticide. It does not create carcinogenic, 

mutagenic, developmental, or reproductive effects but has moderate to low acute and 

chronic toxicity.  

 
2. 4. 5. Lufenuron 

 

Lufenuron (Match®; 050 EC Syngenta Pakistan) is an acylurea insect growth 

regulator (IGR) with 5% W/W active ingredient which inhibits chitin synthesis and 

thereby prevents larvae from molting.  
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2. 5. Solvent 
 

Commercial acetone was used either alone or in combination with distilled 

water as solvent for the preparation of different concentrations of the insecticide 

depending upon their formulations. 

 
2. 6. Contact bioassay 

 

Serial dilutions of toxicant were prepared using acetone as a solvent (Tables 1-

5). Surface-film was made for bioassay by aliquots of 1 ml dilutions into 4.5 cm 

diameter petri dishes (Busvine, 1971). The solvent was allowed to evaporate for 1 

hour and larvae transferred to Petri dishes. Controls were treated alike but with 

acetone alone. Thirty larvae were used for each concentration and the same number of 

larvae used for control. The Petri dishes were kept in the incubator and mortality 

observed after 48 h. 

Table 1. Doses of spinosad used for determination of LC50 (ppm) against 6th instar  
larvae of T. castaneum  

 

Insecticide Strain Dose in ppm 
_____________________________________________________________________ 
Spinosad DGK 1920 960 480 240 120
 MUL 2160 1080 540 270 135
 VRI 2160 1080 540 270 135
 FSD 2160 1080 540 270 135
 CHT 2160 1080 540 270 135
 JHG 1920 960 480 240 120
 LHR 2160 1080 540 270 135
 SWL 2160 1080 540 270 135
 KCH 2160 1080 540 270 135
 LAB-UK 6000 3000 1500 750 375
 R-PHOS 6000 3000 1500 750 375
 S-MDA 2160 1080 540 270 135
 R-MDA 6000 3000 1500 750 375

_____________________________________________________________________ 
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Table 2. Doses of emamectin used for determination of LC50 (ppm) against 6th instar  
larvae of T. castaneum  

 

Insecticide Strain Dose in ppm 
_____________________________________________________________________ 
Emamectin DGK 7.6 3.8 1.9 0.95 0.475
 MUL 7.6 3.8 1.9 0.95 0.475
 VRI 7.6 3.8 1.9 0.95 0.475
 FSD 3.8 1.9 0.95 0.48 0.24
 CHT 7.6 3.8 1.9 0.95 0.475
 JHG 5.7 2.85 1.425 0.725 0.357
 LHR 7.6 3.8 1.9 0.95 0.475
 SWL 5.7 2.85 1.425 0.725 0.357
 KCH 7.6 3.8 1.9 0.95 0.475
 LAB-UK 7.6 3.8 1.9 0.95 0.475
 R-PHOS 7.6 3.8 1.9 0.95 0.475
 S-MDA 3.8 1.9 0.95 0.48 0.24
 R-MDA 7.6 3.8 1.9 0.95 0.475

_____________________________________________________________________ 
 
 
Table 3. Doses of abamectin used for determination of LC50 (ppm) against 6th instar  

larvae of T. castaneum  

 

Insecticide Strain Dose in ppm 
_____________________________________________________________________ 
Abamectin DGK 14.4 7.2 3.6 1.8 0.9
 MUL 14.4 7.2 3.6 1.8 0.9
 VRI 14.4 7.2 3.6 1.8 0.9
 FSD 14.4 7.2 3.6 1.8 0.9
 CHT 10.8 5.4 2.7 1.35 0.0675
 JHG 14.4 7.2 3.6 1.8 0.9
 LHR 14.4 7.2 3.6 1.8 0.9
 SWL 10.8 5.4 2.7 1.35 0.0675
 KCH 14.4 7.2 3.6 1.8 0.9
 LAB-UK 14.4 7.2 3.6 1.8 0.9
 R-PHOS 14.4 7.2 3.6 1.8 0.9
 S-MDA 14.4 7.2 3.6 1.8 0.9
 R-MDA 14.4 7.2 3.6 1.8 0.9

_____________________________________________________________________ 
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Table 4. Doses of indoxacarb used for determination of LC50 (ppm) against 6th instar  
larvae of T. castaneum  

 

Insecticide Strain Dose in ppm 
_____________________________________________________________________ 
Indoxacarb DGK 6000 3000 1500 750 375
 MUL 6000 3000 1500 750 375
 VRI 6000 3000 1500 750 375
 FSD 6000 3000 1500 750 375
 CHT 6000 3000 1500 750 375
 JHG 6000 3000 1500 750 375
 LHR 6000 3000 1500 750 375
 SWL 6000 3000 1500 750 375
 KCH 6000 3000 1500 750 375

 LAB-UK 6000 3000 1500 750 375

 R-PHOS 6000 3000 1500 750 375
 S-MDA 6000 3000 1500 750 375
 R-MDA 6000 3000 1500 750 375

_____________________________________________________________________ 
 
 
Table 5. Doses of lufenuron used for determination of LC50 (ppm) against 6th instar 

 larvae of T. castaneum  

 

Insecticide Strain Dose in ppm 
_____________________________________________________________________ 
Lufenuron DGK 1200 600 300 150 75
 MUL 1200 600 300 150 75
 VRI 1500 750 375 187.5 93.75
 FSD 1500 750 375 187.5 93.75
 CHT 1200 600 300 150 75
 JHG 1200 600 300 150 75
 LHR 1500 750 375 187.5 93.75
 SWL 1200 600 300 150 75
 KCH 1200 600 300 150 75
 LAB-UK 1200 600 300 150 75
 R-PHOS 1200 600 300 150 75
 S-MDA 1000 500 250 125 62.5
 R-MDA 1200 600 300 150 75

_____________________________________________________________________ 
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2. 7. Test of synergism 
 

The toxicity of spinosad, emamectin, abamectin, indoxacarb and lufenuron 

were tested in the presence of synergist, piperonyl butoxide (PBO; Sigma Ltd, UK), 

an inhibitor of cytochrome P450 monooxygenases and esterases. The serial 

concentrations of all the insecticides and PBO were prepared using acetone as solvent 

in the ratios of 1:1, 1:2, 1:4 and 1:8 to test the effect of PBO on the efficacy of 

spinosad (Tables 6-10). Mortality data was collected after 48 h when tested against 6th 

instar larvae. The synergism ratio (SR) was calculated by dividing the LC50 of the 

strain treated with insecticides alone by the LC50 of the same strain with insecticides 

plus synergist. 

Table 6. Doses of spinosad+PBO used for determination of synergistic effect of PBO  
   in different ratios against 6th instar larvae of different strains of T. castaneum  

 

Dose in ppm (spinosad : PBO) 
            1 : 1                                1 : 2                           1 : 4                            1 : 8 
_____________________________________________________________________ 

480 : 480 480 : 960 480 : 1920 480 : 3840 
240 : 240 240 : 480 240 : 960 240 : 1920 
120 : 120 120 : 240 120 : 480 120 : 960 
60 : 60 60 : 120 60 : 240 60 : 480 
30 : 30 30 : 60 30 : 120 30 : 240 

_____________________________________________________________________ 
 
 
Table 7. Doses of emamectin+PBO used for determination of synergistic effect of 

PBO in different ratios against 6th instar larvae of different strains of T.  
castaneum  

 

Dose in ppm (emamectin : PBO) 
            1 : 1                                1 : 2                           1 : 4                            1 : 8 
_____________________________________________________________________ 

3.8 : 3.8 3.8 : 7.6 3.8 : 15.2 3.8 : 30.4 
1.9 : 1.9 1.9 : 3.8 1.9 : 7.6 1.9 : 15.2 

0.95 : 0.95 0.95 : 1.9 0.95 : 3.8 0.95 : 7.6 
0.475 : 0.475 0.475 : 0.95 0.475 : 1.9 0.475 : 3.8 

0.2375 : 0.2375 0.2375 : 0.475 0.2375 : 0.95 0.2375 : 1.9 
_____________________________________________________________________ 
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Table 8. Doses of abamectin+PBO used for determination of synergistic effect of  
PBO in different ratios against 6th instar larvae of different strains of T.  
castaneum  

 
Dose in ppm (abamectin : PBO) 

            1 : 1                                1 : 2                           1 : 4                            1 : 8 
_____________________________________________________________________ 

1.8 : 1.8 1.8 : 3.6 1.8 : 7.2 1.8 : 14.4 
0.9 : 0.9 0.9 : 1.8 0.9 : 3.6 0.9 : 7.2 

0.45 : 0.45 0.45 : 0.9 0.45 : 1.8 0.45 : 3.6 
0.225 : 0.225 0.225 : 0.45 0.225 : 0.9 0.225 : 1.8 

0.1125 : 0.1125 0.1125 : 0.225 0.1125 : 0.45 0.1125 : 0.9 
_____________________________________________________________________ 
 
 
Table 9. Doses of indoxacarb+PBO used for determination of synergistic effect of  

PBO in different ratios against 6th instar larvae of different strains of T.  
castaneum  

 
Dose in ppm (indoxacarb : PBO) 

               1: 1                             1 : 2                           1 : 4                              1 : 8 
_____________________________________________________________________ 

900 : 900 900 : 1800 900 : 3600 900 : 7200 
450 : 450 450 : 900 450 : 1800 450 : 3600 
225 : 225 225 : 450 225 : 900 225 : 1800 

112.5 : 112.5 112.5 : 225 112.5 : 450 112.5 : 900 
56.25 : 56.25 56.25 : 112.5 56.25 : 225 56.25 : 450 

_____________________________________________________________________ 
 
 
Table 10. Doses of lufenuron+PBO used for determination of synergistic effect of  

PBO in different ratios against 6th instar larvae of different strains of T.  
castaneum  

 
Dose in ppm (lufenuron : PBO) 

            1 : 1                                1 : 2                           1 : 4                            1 : 8 
_____________________________________________________________________ 

100 : 100 100 : 200 100 : 400 100 : 800 
50 : 50 50 : 100 50 : 200 50 : 400 
25 : 25 25 : 50 25 : 100 25 : 200 

12.5 : 12.5 12.5 : 25 12.5 : 50 12.5 : 100 
6.25 : 6.25 6.25 : 12.5 6.25 : 25 6.25 : 50 

_____________________________________________________________________ 
 
 
2. 8. Biochemical assays  

 

All the assays were conducted on 6th instar, 20-25 survived larvae of T. 

castaneum weighing 55mg before and after 48 h of treatments and shown in Tables 
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11-15. Untreated larvae were used for the control experiment and the enzyme 

activities were measured. 

Table 11. Doses of spinosad alone and spinosad+PBO mixtures used for  
determination of specific activities of enzymes in 6th instar larvae of T.  
castaneum 

 

Strain 
                                     Dose (ppm) 
              spinosad                                  spinosad+PBO 

_____________________________________________________________________ 
DGK 480 480+1920 
SWL 480 480+1920 
LHR 480 480+1920 
KCH 480 480+1920 
FSD 480 480+1920 
MUL 480 480+1920 

R-PHOS 480 480+1920 
LAB-UK 480 480+1920 
R-MDA 480 480+1920 

_____________________________________________________________________ 
 
 
Table 12. Doses of emamectin alone and emamectin+PBO mixtures used for 

determination of specific activities of enzymes in 6th instar larvae of T.  
castaneum  
 

Strain 
                                     Dose (ppm) 
              emamectin                            emamectin+PBO 

_____________________________________________________________________ 
DGK 3.8 3.8+7.6 
SWL 3.8 3.8+7.6 
LHR 3.8 3.8+7.6 
KCH 3.8 3.8+7.6 
FSD 3.8 3.8+7.6 
MUL 3.8 3.8+7.6 

R-PHOS 3.8 3.8+7.6 
LAB-UK 3.8 3.8+7.6 
R-MDA 3.8 3.8+7.6 

_____________________________________________________________________ 
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Table 13. Doses of abamectin alone and abamectin+PBO mixtures used for 
determination of specific activities of enzymes in 6th instar larvae of T.  
castaneum  
 

Strain 
                                     Dose (ppm) 
              abamectin                              abamectin+PBO 

_____________________________________________________________________ 
DGK 1.8 1.8+3.6 
SWL 1.8 1.8+3.6 
LHR 1.8 1.8+3.6 
KCH 1.8 1.8+3.6 
FSD 1.8 1.8+3.6 
MUL 1.8 1.8+3.6 

R-PHOS 1.8 1.8+3.6 
LAB-UK 1.8 1.8+3.6 
R-MDA 1.8 1.8+3.6 

_____________________________________________________________________ 
 
 
Table 14. Doses of indoxacarb alone and indoxacarb+PBO mixtures used for 

determination of specific activities of enzymes in 6th instar larvae of T.  
castaneum  
 

Strain 
                                     Dose (ppm) 
              indoxacarb                           indoxacarb+PBO 

_____________________________________________________________________ 
DGK 900 900+3600 
SWL 900 900+3600 
LHR 900 900+3600 
KCH 900 900+3600 
FSD 900 900+3600 
MUL 900 900+3600 

R-PHOS 900 900+3600 
LAB-UK 900 900+3600 
R-MDA 900 900+3600 

_____________________________________________________________________ 
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Table 15. Doses of lufenuron alone and lufenuron+PBO mixtures used for  
determination of specific activities of enzymes in 6th instar larvae of T.  
castaneum  
 

Strain 
                                     Dose (ppm) 
              lufenuron                                lufenuron+PBO 

_____________________________________________________________________ 
DGK 100 100+400 
SWL 100 100+400 
LHR 100 100+400 
KCH 100 100+400 
FSD 100 100+400 
MUL 100 100+400 

R-PHOS 100 100+400 
LAB-UK 100 100+400 
R-MDA 100 100+400 

_____________________________________________________________________ 
 
 
2. 8. 1. Enzyme stock formation 

 

Larvae (20 to 25) of strains weighing about 55 mg before and after treatment 

with insecticides alone and in mixtures with PBO as shown in Tables 11-15 were kept 

for 2 h at -20°C and ground in mortar pestle under liquid nitrogen to make fine 

powder. 200μL of distilled water was added and the solution centrifuged at 13000 

rpm for 10 min. The supernatant as enzyme stock was collected after filtration. 

 
2. 8. 2. Total protein content 

  

Total protein content of the enzyme preparations was measured according to 

Bradford method (Bradford, 1976). 20-25 larvae weighing 55mg were used to prepare 

the stock solution. The double beam spectrophotomer Bio Spec-1601 (Shimadzu) was 

used to measure the change in absorbance per min by using A280 = 1 A (mL/cm 

mg) x [Conc.] (mg/mL) x 1 (cm). Standard curve was obtained by using 200, 100, 

50, 25, 12.5, 6.25 and 3.13 μg/mL dilutions of BSA at 595 nm. Enzyme activities 

were expressed in terms of μmol/min and presented as specific activities 

(μmol/min/mg protein). 

 
2. 8. 3. Catalase assay 
 

Catalase is an enzyme of oxidoreductase class that catalyzes the breakdown of 

hydrogen peroxide to water and free oxygen by the following reaction: 
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diagnostic value in various liver diseases, malignancies and in pulmonary 

tuberculosis.  

Procedure 

The activity of acetylcholinesterase (AChE) was measured according to the 

method described by Ellman et al. (1961). Colour reagent containing 0.25mM 

Dithiobis, 100mM NaCl and 20mM MgCl2 was prepared in 50mM Tris-HCl, pH 8. 

Acetylthiocholine iodide (33mM) was used as substrate. The kinetics of the enzymes 

reaction was monitored continuously for five min in double beam spectrometer Bio 

Spec-1601 (Shimadzu), adjusted at 405 nm and 25°C. The specific activity was 

evaluated by the increase in absorbance after adding 20μl enzyme stock. Absorbance 

values were converted to units of concentration using a molar extinction coefficient of 

13300 M-1cm-1 for acetylthiocholine iodide at 405 nm. The specific activity was 

expressed as one μmol of acetylthiocholine iodide hydrolysed/min/ml/mg protein at 

25°C and pH 8. Following reagents were added into the experimental and control 

cuvettes: 

Dithiobis 2.70 ml 

Acetylthiocholine iodide 0.20 ml 

The reagents were mixed and incubated in spectrophotometer at 25° C for 5 

min. The absorbance was recorded at 405 nm alongwith blank, if any. The reaction 

was initiated by the addition of 0.1 ml enzyme solution. The absorbance was recorded 

at 405 nm for 5 min. 

2. 8. 6. Alkaline phosphatase (AkP) assay 

Alkaline phosphatases (AkP) being highly ubiquitous are found in wide range 

of living organisms from bacteria to man. In humans, AkP are encoded by a multi-

gene family composed of four loci; i.e., tissue-nonspecific AkP, also called 

bone/liver/kidney AkP. The clarity is being made in sequence and complexity of the 

AkP genes from other vertebrates and lower species. The biological function of AkP 

isozymes is still unknown. At neutral pH, the enzymes behave as phosphotransferases 

when examined in vitro. To increase the reaction rate of and sensitivity of AkP based 
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containing 1ml of 50mM sodium citrate buffer pH 4.8 along with 5.5 mM p-

nitrophenyl phosphate and 20μl of enzyme stock was incubated for 30 min in water 

bath at 37°C and then 1.0 ml of NaOH added to stop the reaction. Increase in 

absorbance at 405 nm using a molar extinction coefficient of 18500M-1cm-1 was 

measured against blank using spectrophotometer Utech (UT1104RS). Total protein 

content was measured by Bradford reagent method and the specific activity of acid 

phosphatase was calculated.  

 
2. 9. Data analysis 

 

Abbott’s formula was used to correct mortality data where felt necessary 

(Abbott, 1925). According to Finney (1947) and Busvine (1971), computer software 

Polo-PC was used for probit analysis of the data to obtain LC50 values and their 95% 

fiducial limits (FL). ‘t-test’ was used to compare the means of IU of enzymes/mg 

protein of susceptible and resistant strains in Microsoft Excel 2000.   
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3. 1. 1. Spinosad toxicity 
 
 

The toxicity of spinosad, in terms of LC50, at 95% fiducial limit after 48 hours 

of treatment, against 6th  instar larvae of different resistant and deltamethrin 

susceptible strains of T. castaneum are shown in Table 16. 

The results revealed that the toxicity of spinosad after 48 hours of treatment 

against field collected deltamethrin susceptible strains like S-MDA, SWL, KCR, 

LHR, DGK, CHT, JNG, VRI, FSD and MUL was found to be 609ppm, 648.2ppm, 

697.5ppm, 737.9ppm, 809.6ppm, 851.3ppm, 872.8ppm, 1140.7ppm, 1500.6ppm and 

1532.2ppm, respectively. 

All resistant strains i.e. LAB-UK, R-PHOS and R-MDA exhibited the 

respective toxicity values of 2400ppm, 3741.3ppm and 231375.2ppm. No mortality 

was observed in control experiment. 

 
3. 1. 2. Susceptibility of S-MDA  
 

The results of bioassays in Table 16 showed that S-MDA population was very 

significantly susceptible to spinosad exhibiting lowest resistance ratio (RRb) of 379.93 

as compared to deltamethrin resistant strain; R-MDA. The population of S-MDSA 

needed 99.74% less dose of spinosad to kill 50% of the larvae as was needed for that 

of R-MDA. 

When susceptibility of S-MDA was checked against other two resistant strains 

like R-PHOS and LAB-UK, it was found to have resistant ratios (RRb) of 6.14 and 

3.94, respectively. S-MDA strain needed 83.72% and 74.73% less dose of spinosad 

(LC50) as compared to that of R-PHOS and LAB-UK, respectively. 

S-MDA strain needed 60.25% and 59.42% less dose of spinosad for LC50 as 

compared to that of two field collected deltamethrin susceptible strains i.e. MUL and 

FSD, respectively. MUL and FSD strains showed slightly higher resistance ratios 

(RRb) i.e. 2.52 and 2.46, respectively when compared with that of S-MDA.  

All other strains like SWL, KCH, LHR, DGK, CHT, JHG and VRI were also 

susceptible to spinosad by showing non significant difference in resistance ratios 

(RRb) 1.06, 1.15, 1.21, 1.33, 1.40, 1.43 and 1.87, respectively. Results also revealed 

that S-MDA strain required 6.05%, 12.69%, 17.47%, 24.78%, 28.46%, 30.23% and 

46.61% less dose of spinosad to kill the 50% of the larvae as was required in SWL, 

KCH, LHR, DGK, CHT, JHG and VRI, respectively.  
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On the basis of the results obtained in bioassay it was concluded that S-MDA 

strain was the most susceptible strain against spinosad. 

 
Table 16. Response (mortality) of 6th instar larvae of T. castaneum against spinosad 
 

Strains LC50 (95%FL) (ppm) 
Slope  
(± SE)  χ2 df  p na RRb RRc 

 
 

DGK 
809.6  

(566.5-1329.7) 
1.399 

(±0.27) 0.4 3 0.94 150 1.33 285.2

MUL 
1532.2  

 (1437.9-1754.0) 
1.637 

(±0.32) 0.02 3 0.99 150 2.52 151 

VRI 
1140.7  

(812.7-1886.4) 
1.555 

(±0.29) 0.17 3 0.98 150 1.87 203.2

FSD 
1500.6  

 (1358.3-1752.9)  
1.070 

(±0.27) 0.44 3 0.93 150 2.46 154.4

CHT 
851.3  

(600.8-1347.2) 
1.431 

(±0.28) 0.4 3 0.94 150 1.4 271.4

JHG 
872.8  

(605.9-1484.0) 
1.377 

(±0.27) 0.26 3 0.97 150 1.43 265.7

LHR 
737.9  

 (604.8-805.3) 
1.281 

(±0.27) 0.08 3 0.99 150 1.21 314 

SWL 
648.2  

(420.5-1077.6) 
1.162 

(±0.26) 0.55 3 0.9 150 1.06 358.4

KCH 
697.5  

(456.1-1184.3) 
1.165 

(±0.26)   0.97 3 0.81 150 1.15 330.4

LAB-UK 
2400.0  

(1725.9-3679.7) 
1.528 

(±0.28) 1.13 3 0.77 150 3.94 96.41

R-PHOS 
3741.3  

(2620.8-6611.9) 
1.552 

(±0.29) 0.05 3 0.99 150 6.14 61.84

S-MDA 
609.0  

(437.5-867.8) 
1.562 

(±0.28) 0.16 3 0.98 150    - 3.37 

R-MDA 
231375.2 

 (216927.7-250039.5) 
1.649 

(±0.29) 0.44 3 0.94 150 380   - 
_____________________________________________________________________ 
a Number of larvae used in bioassay, including control 
bResistance ratio = LC50 of collected strains / LC50 of S-MDA strains 
c Resistance ratio = LC50 of R-MDA strains / LC50 of collected strains 
 
 
3. 1. 3. Response to selection with deltamethrin 

 

Results of bioassay in Table 16 revealed that R-MDA strain was the most 

resistant against spinosad. Dose for LC50 of R-MDA was 37892.64% more than that 

of S-MDA, it was found most susceptible strain to spinosad, along with highest 

resistant ratio (RRc) of 379.93. 
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When resistance of R-MDA was checked against other two resistant strains 

like LAB-UK and R-PHOS, it was found to have respective resistant ratios (RRc) of 

96.41 followed by 61.84. R-MDA strain needed 514.34% and 294.09% more dose of 

spinosad for LC50 as compared to that of R-PHOS and LAB-UK, respectively. 

The results of bioassay also revealed that R-MDA exhibited respective 

resistant ratios (RRc) of 358.42, 330.37, 313.99, 285.21, 271.38, 265.69, 203.17, 

154.44 and 151.01 against SWL, KCH, LHR, DGK, CHT, JHG, VRI, FSD and MUL 

strains (Table 16). The dose of spinosad needed to obtain  LC50  value for R-MDA 

was 6.44%, 14.53%, 21.17%, 32.94%, 39.79%, 43.32%, 87.31%, 146.40% and 

151.59% more as was needed for that of SWL, KCH, LHR, DGK, CHT, JHG, VRI, 

FSD and MUL strains, respectively.  

Considering the above obtained results, it was concluded that R-MDA was the 

most resistant strain of all against spinosad.  

 
3. 1. 4. Effect of enzyme inhibitor (PBO) on MUL resistance 

 

The effect of piperonyl butoxide (PBO), a microsomal oxidase inhibitor, on 

the efficacy of spinosad was tested in different ratios against MUL strain (Fig. 8). 

Doses of spinosad+PBO used for determination of synergistic/antagonistic effect of 

PBO in different ratios against 6th instar larvae of MUL strain in the present study of 

T. castaneum are shown in Table 6. 

Result at 95% fiducial limit, revealed that spinosad was most effectively 

synergized with PBO in 1:2. Least LC50 value of 601.8ppm was determined in 1:2 

mixture. This dose was 60.72% less as compared to the LC50 value of spinosad when 

it was used alone.  

LC50 values increased as 613ppm, 616.3ppm and 1370.4ppm in ratios 1:8, 1:4 

and 1:1, respectively which were 59.99%, 59.77% and 10.56% less than that of 

spinosad alone. 

It was deduced that spinosad produced synergistic effect in almost all the 

tested ratios against MUL strain but highest efficacy was obtained in 1:2.  
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Fig. 8. Response of 6th instar larvae of MUL strain of T. castaneum against 
different ratios of spinosad+PBO  
 

3. 1. 5. Effect of enzyme inhibitor (PBO) on LHR resistantce 
 

Results of Fig. 9 revealed the effect of enzyme inhibitor, PBO on the efficacy 

of spinosad against LHR strain. Mixture of spinosad+PBO in ratio 1:1, was found as 

the most effective by exhibiting least LC50 value of 78ppm. This concentration was 

89.43% less than that of spinosad alone. 

Synergistic effects were also observed in ratios 1:4, 1:2 and 1:8 where LC50 

were found 68.84%, 66.57% and 1.82% less by exhibiting values of 229.9ppm, 

246.7ppm and 724.5ppm, respectively. 

From the results obtained, it was concluded that spinosad mixed in 1:1 with 

PBO produced the most synergistic effect for LHR strain. No significant difference 

between the results was observed in 1:2 and 1:4.  
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Fig. 9. Response of 6th instar larvae of LHR strain of T. castaneum against  

different ratios of spinosad+PBO   
 
3. 1. 6. Effect of enzyme inhibitor (PBO) on FSD resistance  

 

The bioassay results for spinosad+PBO mixtures in ratios 1:1, 1:2, 1:4 and 1:8 

are shown in Fig. 10. Concentrations of both the chemicals of mixture for the 

treatments remained the same as were described in Table 6.  

Result at 95% fiducial limit, revealed that least LC50 value of spinosad+PBO 

was 245.6ppm when used in ratio 1:2. This concentration was found 83.63% less as 

compared to the LC50 value of spinosad when it was used alone. 

The results also revealed that LC50 values increased as 326.9ppm, 526.5ppm 

and 1206.7ppm in synergistic ratios of 1:1, 1:4 and 1:8, respectively. These 

concentrations were found 78.22%, 64.91% and 19.59% less, respectively than that of 

spinosad alone.  

On the basis of the results obtained, it was deduced that spinosad was 

synergized the most when it was mixed with PBO in 1:2. 
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Fig. 10. Response of 6th instar larvae of FSD strain of T. castaneum against  

 different ratios of spinosad+PBO   
 
 
3. 1. 7. Effect of enzyme inhibitor (PBO) on R-MDA resistance 

 

Doses of spinosad+PBO used for determination of synergistic effect of PBO in 

different ratios against 6th instar larvae of R-MDA strain are shown in Table 6. The 

results in Fig. 11 revealed the synergistic effect of enzyme inhibitor, PBO on the 

efficacy of spinosad against R-MDA strain at 95% fiducial limit. 

The least value of LC50, 305.4ppm was observed in the ratio 1:4 that was 

99.87% less than that of spinosad alone. Other mixtures in ratios like 1:8, 1:2 and 1:1 

also produced a synergistic effect by exhibiting LC50 values as 452.4ppm, 485.7ppm 

and 646.5ppm that are 99.80%, 99.79% and 99.72% less, respectively as compared to 

that of spinosad alone. 

On the basis of the results obtained, it was concluded that PBO synergized 

spinosad in all the ratios under study because there was non significant difference 

between them.  
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Fig. 11. Response of 6th instar larvae of R-MDA strain of T. castaneum against 

different ratios of spinosad+PBO 
 

The overall results of bioassay revealed that spinosad+PBO mixture was more 

effective as compared to spinosad alone. It was concluded that two synergistic ratio 

i.e. 1:2 and 1:4 were found more effective ratios against deltamethrin susceptible and 

resistant strains under study.   

 
3. 1. 8. Total protein 
 

Total protein content (mg) was determined in 6th instar larvae of some 

deltamethrin susceptible as well as resistant strains of untreated, spinosad (480ppm) 

treated and spinosad+PBO (1:2) treatment (Table 17).  
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Table 17. Total protein (mg) in 6th instar larvae of susceptible and resistant strains of  
 T. castaneum before and after the treatment of spinosad 
 

Strains (U-T)a (Spn-T)b (Spn+PBO-T)c 
 

DGK 0.04372 0.04332 0.03192 

SWL 0.02172 0.03932 0.02532 

LHR 0.02412 0.03772 0.02132 

KCH 0.02632 0.04212 0.01732 

FSD 0.03232 0.04572 0.02812 

MUL 0.01372 0.04632 0.02332 

R-PHOS 0.02372 0.02572 0.01032 

LAB-UK 0.02932 0.02292 0.01852 

R-MDA 0.01812 0.05512 0.03452 
 
a Untreated 
b Spinosad treated 
c Spinosad+PBO treated 
 

The total protein content in 6th istar larvae before and after the treatments of 

susceptible and resistant strains is shown in Table 17. Results revealed that in five 

susceptible strains like SWL, LHR, KCH, FSD and MUL, the total protein content 

was 81.03%, 56.38% 60.03%, 41.46% and 237.61% increased, respectively after the 

treatment of sub-lethal (480ppm) of spinosad.   

Two resistant strains i.e. R-PHOS and R-MDA also exhibited 8.44% and 

204.19% respective increase in protein content after the treatment with the sub-lethal 

dose of spinosad than that of untreated. 

Contrary two strains; DGK and LAB-UK showed 0.91% and 21.83% 

respective decrease in total protein content after the treatment of spinosad (480ppm) 

than that of untreated. 

When comparing the total protein content in untreated with that of 

spinosad+PBO treated in the ratio 1:2 , only three strains; SWL, MUL and R-MDA 

exhibited an increase of 16.57%, 69.97% and 90.518%, respectively after the 

treatment of spinosad+PBO. 

On the other hand there was 26.99%, 11.61%, 34.19% and 13.00% decrease in 

four deltamethrin susceptible strains like DGK, LHR, KCH and FSD, respectively. 

Similarly a decrease in the total protein content of 56.49% and 36.83% was also 
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recorded in resistant strains i.e. R-PHOS and LAB-UK, respectively after the 

treatment of spinosad+PBO than that of untreated. 

 The comparative results of total protein content in susceptible and resistant 

strains after both the treatments i.e. spinosad (480ppm) and spinosad+PBO (1:2) 

revealed a significant decrease of 26.32%, 35.61%, 43.48%, 58.88%, 38.50% and 

49.65% in the total protein content of all deltamethrin susceptible strains like DGK, 

SWL, LHR, KCH, FSD and MUL after the spinosad+PBO treatment than that of 

spinosad treatment. 

Similarly a decrease of 59.88%, 19.20% and 37.37% was recorded in resistant 

strains i.e. R-PHOS, LAB-UK and R-MDA, respectively when compared with that of 

spinosad treated at sub lethal dose (480ppm). 

 

 

Fig. 12. Total protein (mg) in 6th instar larvae of susceptible and resistant strains 
 of T. castaneum for Un-treated, spinosad and spinosad+PBO (1:2) treatments    

U-T: Un-treated 
Spn-T: spinosad treated 
Spn+PBO-T: spinosad+PBO treated in 1:2 

 
3. 1. 9. Catalase 
  

Table 18 shows specific activities (IU) of catalase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the spinosad treatments either alone or in mixture with PBO. 
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Table 18. Specific activities of catalase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after the treatment  
of spinosad 

 
Strains (U-T)a (Spn-T)b (Spn+PBO-T)c 

 
DGK 445.3286 36992.42 11260.71 
SWL 758.4907 26281.67 11829.97 
LHR 931.3896 49631.31 18264.32 
KCH 4040.079 31290.44 18158.87 
FSD 1204.812 46515.7 15445.43 
MUL 1309.919 40739.85 12202.32 

R-PHOS 3220.126 42507.87 14076.98 
LAB-UK 2911.577 84211.8 22643.03 
R-MDA 5951.024 51353.5 13015.71 

 
a Untreated 
b Spinosad treated 
c Spinosad+PBO treated 
 

Table 18 shows the comparison between the specific activities of catalase of 

untreated and spinosad treated larvae. The results revealed that specific activity of 

catalase in the 6th instar larvae of all the susceptible as well as resistant strains was 

significantly higher after the treatment than that of control.  

The results exhibited the increase of 8206.77%, 3364.99%, 5228.74%, 

674.50%, 3760.83% and 3010.10%, in DGK, SWL, LHR, KCH, FSD and MUL 

strains, respectively, after the treatment of spinosad when compared with that of 

untreated. 

Resistant strains like R-PHOS, LAB-UK and R-MDA showed 1220.07%, 

2792.31% and 762.94% increase, respectively, after the treatment of spinosad than 

that of untreated. 

On the basis of the results obtained, it was deduced that any chemical stress on 

T. castaneum can enhance the activity of catalase.    

All the deltamethrin susceptible strains showed highly significant percent 

increase in specific activities of catalase after the treatment with spinosad+PBO 

mixture (Table 18).  

The results revealed that DGK, SWL, LHR and FSD exhibited a highly 

significant increase by 2428.63%, 1459.67%, 1860.98%, and 1181.98%, respectively. 

Two susceptible strains like KCH and MUL showed comparatively less increase of 
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349.47% and 831.53%, respectively in specific activity of catalase after the treatment 

of spinosad+PBO when compared with that of untreated. 

Results of resistant strains showed comparatively less increase of 337.16%, 

667.69% and 118.71% in R-PHOS, LAB-UK and R-MDA, respectively in the levels 

of specific activities of catalase after the treatment of spinosad+PBO when compared 

with that of untreated. 

The changes in specific activities of catalase obtained in both, susceptible and 

resistant strains after the treatments of spinosad+PBO (1:2) was compared with that of 

spinosad treated larvae.  

The results revealed 69.56%, 54.99%, 63.20%, 41.97%, 66.80%, and 70.05% 

significant decrease in levels of specific activities of catalase in all deltamethrin 

susceptible strains i.e. DGK, SWL, LHR, KCH, FSD and MUL, respectively.  

A significant decrease of 66.88%, 73.11% and 74.65% in specific activities of 

catalase was also recorded in resistant strains like R-PHOS, LAB-UK and R-MDA, 

respectively.  

 
Fig. 13. Specific activity of catalase (IU/mg of protein) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, spinosad and spinosad+PBO treatments    
U-T: Un-treated 
Spn-T: spinosad treated 
Spn+PBO-T: spinosad+PBO treated in 1:2 
 
On the basis of above mentioned results it was concluded that PBO worked 

significantly as catalase inhibitor in both deltamethrin susceptible and of resistant 

strains of T. castaneum. 
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3. 1. 10. Amylase   
 

Table 19 shows specific activities (IU) of amylase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after the 

spinosad treatments either alone or in mixture with PBO. 

Table 19. Specific activities of amylase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after the treatment  
of spinosad 

 
Strains (U-T)a (Spn-T)b (Spn+PBO-T)c 

 
DGK 6.285784 6.2044 6.622674 
SWL 9.76753 6.777967 6.947531 
LHR 10.4546 10.07781 7.401118 
KCH 11.10103 8.119852 9.916805 
FSD 9.121955 6.407133 6.202045 
MUL 16.83858 14.32711 9.162123 

R-PHOS 17.99932 14.31007 9.254417 
LAB-UK 14.4199 18.79227 8.94812 
R-MDA 23.72869 8.58809 3.71806 

 
a Untreated 
b Spinosad treated 
c Spinosad+PBO treated 
 

Table 19 shows the comparison between the specific activities of amylase of 

untreated and spinosad treated larvae. The result revealed that specific activity of 

amylase in 6th instar larvae of deltamethrin susceptible strains as well as in two 

resistant strains was decreased after the treatment with spinosad (480ppm). 

Results exhibited the decrease of 1.29%, 30.61%, 3.60%, 26.85%, 29.76% and 

14.91%, in all field strains like DGK, SWL, LHR, KCH, FSD and MUL, respectively.  

Similarly, resistant strains viz. R-PHOS and R-MDA exhibited 20.50% and 

63.81% decrease in specific activity of amylase, respectively, after the treatment of 

spinosad than that of untreated. 

 On the other hand, LAB-UK exhibited 30.32% increase in the specific activity 

of amylase after the treatment of spinosad (480ppm) when compared with that of 

control. 

The results of changes in specific activities of amylase after the treatment with 

spinosad+PBO mixture when compared with that of untreated in all deltamethrin 

susceptible and resistant strains are also shown in Table 19. 
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The results revealed a non-significant increase of 5.36% in DGK strain where 

as SWL, LHR, KCH, FSD and MUL exhibited a significant decrease  like 28.87%, 

29.21%, 10.67%, 32.01% and 45.59%, respectively. 

The results of resistant strains also showed a significant decrease of 40.58%, 

37.94% and 84.33% in R-PHOS, LAB-UK and R-MDA, respectively in the levels of 

specific activities of amylase after the treatment of spinosad+PBO when compared 

with that of untreated. 

On the basis of the obtained results, it was concluded that PBO suppressed the 

amylase activity in susceptible as well as resistant strains of T. castaneum as 

compared to control.  

The results obtained in both, susceptible and resistant strains for specific 

activity of amylase in larvae after the treatment of spinosad+PBO (1:2) compared 

with that of spinosad alone,results revealed that strains like DGK, SWL and KCH 

exhibited 6.74%, 2.50%, 22.13% increase in the level of specific activities of amylase, 

respectively after the treatment of spinosad+PBO mixture when compared with that of 

spinosad treated. 

Contrary some deltamethrin-susceptible and all resistant strains revealed 

26.56%, 3.20%, 36.05%, 35.33%, 52.38% and 56.71% respective decrease of amylase 

activities in LHR, FSD, MUL, R-PHOS, LAB-UK and R-MDA.  

On the basis of above mentioned results it was concluded that PBO worked 

best as amylase inhibitor against resistant strains while in case of susceptible strains 

of T. castaneum it did not work as amylase inhibitor.  
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Fig. 14. Specific activity of amylase (IU/mg of protein) in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum for Un- 
treated, spinosad and spinosad+PBO treatments 
U-T: Un-treated    
Spn-T: spinosad treated 
Spn+PBO-T: spinosad+PBO treated in 1:2 

 
 

On the basis of overall results obtained for amylase activity, it was concluded 

that PBO only inhibits amylase activity significantly in highly resistant strains against 

deltamethrin. It remained ineffective in the inhibition of amylase activity in 

susceptible strains.   

 
3. 1. 11. Acid phosphatase 

 

Table 20 shows specific activities (IU) of acid phosphatase in 6th instar larvae 

of deltamethrin susceptible and resistant strains of T. castaneum before and after the 

spinosad treatments either alone or in mixture with PBO. 
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Table 20. Specific activities of acid phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
the treatment of spinosad 

 
Strains (U-T)a (Spn-T)b (Spn+PBO-T)c 

 

DGK 0.21229 0.28986 0.85518 
SWL 0.50271 0.73589 1.07809 
LHR 1.04119 0.81052 1.434 
KCH 0.82971 1.03693 1.57606 
FSD 0.94595 0.78811 0.77659 
MUL 1.59168 0.70718 1.4749 

R-PHOS 1.38098 0.42453 1.74576 
LAB-UK 0.93101 0.95279 1.85716 
R-MDA 0.42181 0.03269 0.94892 

 
a Untreated 
b Spinosad treated 
c Spinosad+PBO treated 

 

Table 20 shows the comparison between the specific activities of acid 

phosphatase of untreated and spinosad (480ppm) treated larvae. 

The results revealed that specific activity of acid phosphatase in the 6th instar 

larvae of some susceptible as well as one resistant strains was higher after the 

treatment of spinosad than that of untreated. A respective increase of 46.38% and 

24.97% was recorded in susceptible strains like SWL and KCH, where as 2.34% 

increase in LAB-UK strain, respectively. 

On the other hand rest of the strains viz. LHR, FSD, MUL, R-PHOS and R-

MDA exhibited 22.15%, 16.69%, 55.57%, 69.26% and 92.25% decrease in specific 

activity of acid phosphatase, respectively, after the treatment of spinosad than that of 

untreated. 

Table 20 shows combination of increase and decrease in the specific activities 

of acid phosphatase, after the treatment with spinosad+PBO mixture when compared 

with that of untreated. 

The results revealed that most deltamethrin susceptible strains i.e. DGK, SWL, 

LHR and KCH showed significant increase by 302.84%, 114.45%, 37.73% and 

89.95%, respectively. Similarly resistant strains also exhibited an increase of 26.41%, 
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99.48%, and 124.96% in R-PHOS, LAB-UK and R-MDA, respectively in the specific 

activities of acid phosphatase after the treatment with spinosad+PBO.  

On the other hand, only two susceptible strains like FSD and MUL exhibited a 

decrease of 17.90% and 7.34%, respectively in the specific activity levels of acid 

phosphatase after the treatment with spinosad+PBO when compared with that of 

untreated. 

The results obtained in both, susceptible and resistant strains when specific 

activity of acid phosphatase after the treatment of spinosad+PBO (1:2) compared with 

that of spinosad treated larvae are also shown in Table 20.  

The results revealed a significant increase in almost all the strains under study. 

Deltamethrin susceptible strains like DGK, SWL, LHR, KCH and MUL exhibited a 

significant increase of 195.03%, 46.50%, 76.92%, 51.99% and 108.56%, respectively, 

in levels of specific activities of acid phosphatase. Similarly, resistant strain i.e. R-

PHOS, LAB-UK and R-MDA also exhibited a highly significant increase of 311.22%, 

94.92% and 2803.19%, respectively in levels of specific activities of acid phosphatase 

after the treatment of spinosad+PBO than that of spinosad treated alone.  

Contrary, one susceptible strain i.e. FSD showed a nonsignificant decrease in 

the level of specific activity of acid phosphatase by 1.46% after the treatment of 

spinosad+PBO mixture when compared with that of spinosad treatment.  
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Fig. 15. Specific activity of acid phosphatase (IU/mg of protein) in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum for Un- 
treated, spinosad treated and spinosad+PBO treatments    
U-T: Un-treated 
Spn-T: spinosad treated 
Spn+PBO-T: spinosad+PBO treated in 1:2 
 

On the basis of overall results obtained, it was concluded that PBO did not 

inhibit acid phosphatase activity in all the collected strains.  

 

3. 1. 12. Alkaline phosphatase 

 

Table 21 shows specific activities (IU) of alkaline phosphatase in 6th instar 

larvae of deltamethrin susceptible and resistant strains of T. castaneum before and 

after both the spinosad treatments either alone or in mixture with PBO. 
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Table 21. Specific activities of alkaline phosphatase (IU) in 6th instar larvae of 
deltamethrin susceptible and resistant strains of T. castaneum before and after  
the treatment of spinosad 

 
Strains (U-T)a (Spn-T)b (Spn+PBO-T)c 

 
DGK 0.93655 0.642734 0.376279 
SWL 0.251356 0.597042 0.560608 
LHR 0.135807 0.75263 0.307287 
KCH 0.539308 0.699931 0.252169 
FSD 0.337838 0.656759 0.621276 
MUL 0.517296 0.612893 0.374577 

R-PHOS 0.874618 0.97642 0.952231 
LAB-UK 0.856532 1.048064 1.120191 
R-MDA 0.783366 0.723042 0.727506 

 
a Untreated 
b Spinosad treated 
c Spinosad+PBO treated 

 

When comparison was made between spinosad treatment and control, the 

results revealed that only two strains i.e. DGK and R-MDA exhibited respective 

decrease of 31.37% and 7.70% after the treatment of spinosad. 

The results exhibited the increase of 137.53%, 454.19%, 29.78%, 94.40% and 

18.48%, in susceptible strains like SWL, LHR, KCH, FSD and MUL, respectively.  

Likewise resistant strains viz. R-PHOS and LAB-UK exhibited 11.64% and 

22.36%, increase in specific activity of alkaline phosphatase, respectively after the 

treatment of spinosad than that of untreated. 

Table 21 shows increase in the specific activities of alkline phosphatase in 

three susceptible and two resistant strains, after the treatment with emamectin+PBO 

mixture in 1:2 when compared with that of untreated. 

The results revealed that susceptible strains i.e. SWL, LHR, and FSD showed 

increase of 123.03%, 126.27% and 83.90%, respectively, in the specific activities of 

alkaline phosphatase after the treatment with spinosad+PBO. Similarly, resistant 

strains i.e. R-PHOS and LAB-UK showed increase of 8.87% and 30.78%, 

respectively. 

Contrary field strains like DGK, KCH, MUL and resistant strain like R-MDA 

exhibited decrease of 59.82%, 53.24%, 27.59% and 7.13%, respectively in the 

specific activity levels of alkaline phosphate after the treatment with spinosad+PBO 

when compared with that of untreated. 



 53

Table 21 also shows results of specific activities of alkaline phosphatase after 

the treatment of spinosad+PBO (1:2) of susceptible and resistant strains when 

compared with that of spinosad treated larvae.  

The results revealed that two resistant strains i.e. LAB-UK and R-MDA 

showed nonsignificant increase in the level of specific activities of alkaline 

phosphatase like 6.88% and 0.62%, respectively.  

In contrast some susceptible and resistant strains revealed 41.46%, 6.10%, 

59.17%, 63.97%, 5.40%, 38.88% and 2.48% respective decrease in levels of specific 

activities of amylase in DGK, SWL, LHR, KCH, FSD, MUL and R-PHOS.  

 

 
 

Fig. 16. Specific activity of alkaline phosphatase (IU/mg of protein) in 6th instar  
larvae of deltamethrin susceptible and resistant strains of T. castaneum 
 for Un-treated, spinosad treated and spinosad+PBO treatments 
U-T: Un-treated    
Spn-T: spinosad treated 
Spn+PBO-T: spinosad+PBO treated in 1:2 
 
On the basis of overall results, it was deduced that PBO depleted the activity 

of alkaline phosphatase in deltamethrin susceptible strains whereas it did not inhibit 

the activity of alkaline phosphatase significantly in resistant strains.  
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3. 1. 13. Acetylcholinesterase (AChE) 

 
Table 22 shows specific activities (IU) of acetylcholinesterase (AChE) in 6th 

instar larvae of deltamethrin susceptible and resistant strains of T. castaneum before 

and after spinosad treatments either alone or in mixture with PBO. 

Table 22. Specific activities of acetylcholinesterase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
the treatment of spinosad 

 
Strains (U-T)a (Spn-T)b (Spn+PBO-T)c 

 
    

DGK 0.611461 2.117152 2.254815 
SWL 1.42016 2.363908 2.712617 
LHR 1.057183 2.420566 1.697584 
KCH 0.828182 1.65019 3.371911 
FSD 0.941664 2.248897 2.501016 
MUL 1.378921 1.722538 2.310353 

R-PHOS 0.589522 2.046797 3.626581 
LAB-UK 0.462898 5.688272 5.551811 
R-MDA 0.408554 14.8857 2.168384 

 
a Untreated 
b Spinosad treated 
c Spinosad+PBO treated 
 

Table 22 shows the comparison between the specific activities of 

acetylcholinesterase (AChE) of untreated and spinosad treated larvae. The results 

revealed that specific activity of AChE in 6th instar larvae of all the susceptible as well 

as resistant strains was found significantly higher after the treatment. 

The results exhibited the significant increase of 246.24%, 66.45%, 128.96%, 

99.25%, 138.82% and 24.92% in all susceptible strains like DGK, SWL, LHR, KCH, 

FSD and MUL, respectively.  

Similarly all resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 

very high increase of 247.19%, 1128.84% and 3543.51%, respectively, in the specific 

activity of AChE  after the treatment of spinosad than that of untreated. 
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The results of increase in specific activities of AChE after the treatment with 

spinosad+PBO mixture (1:2) when compared with that of untreated were obtained in 

all susceptible and resistant strains. 

The results revealed a highly significant increase of 268.76%, 91.01%, 

60.58%, 307.15%, 165.60% and 67.55% in susceptible strains like DGK, SWL, LHR, 

KCH, FSD and MUL, respectively.  

The results of resistant strains also showed a highly significant increase of 

515.17%, 1099.36% and 430.75% in R-PHOS, LAB-UK and R-MDA, respectively in 

the levels of specific activities of AChE after the treatment of spinosad+PBO when 

compared with that of untreated. 

The results of specific activity of AChE after the treatment of spinosad+PBO 

(1:2) when compared with that of spinosad treated larvae are also shown in Table 22. 

The results revealed a mixed pattern of increase and decrease in the level of specific 

activities of AChE in both, susceptible and resistant strains. 

Susceptible strains like DGK, SWL, KCH, FSD and MUL exhibited increase 

of 6.50%, 14.75%, 104.33%, 11.21% and 34.12%, respectively, in the level of 

specific activities of AChE. Similarly increase of 77.18% was observed in R-PHOS 

after the treatment of spinosad+PBO when compared with that of spinosad treatment. 

One susceptible strain i.e. LHR and two resistant strains i.e. LAB-UK and R-

MDA showed decrease of 29.86%, 2.40% and 85.43% in specific activities of AChE 

after the treatment of spinosad+PBO mixture when compared with that of spinosad 

treatment. 
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Fig. 17. Specific activity of acetylcholinesterase (IU/mg of protein) in 6th instar larvae  
of deltamethrin susceptible and resistant strains of T. castaneum for Un- 
treated, spinosad treated and spinosad+PBO treatments    
U-T: Un-treated 
Spn-T: spinosad treated 
Spn+PBO-T: spinosad+PBO treated in 1:2 
 

Since PBO significantly inhibited the activity of acetylcholinesterase in highly 

resistant strains, therefore, it was concluded that PBO can be used as synergist with 

spinosad in 1:2 for T. castaneum that have developed resistance against deltamethrin. 

 
3. 2. 1. Emamectin toxicity 

 

Table 23 shows results of relative toxicity (LC50) at 95% fiducial limit of 6th 

instar larvae of different resistant and susceptible strains of T. castaneum after 48 hr 

of treatment. 

The toxicity of emamectin after 48 hours of treatment against all collected 

susceptible strains like SWL, KCR, VRI, S-MDA, LHR, DGK, MUL, FSD, CHT and 

JHG were 1.11ppm, 1.23ppm, 1.34ppm, 1.52ppm, 2.28ppm, 2.34ppm, 2.56ppm, 

3.08ppm, 3.39ppm and 4.27ppm, respectively.  

In case of resistant strains, R-PHOS revealed least LC50 value of 1.38ppm, 

whereas LAB-UK and R-MDA showed respective toxicity values of 2.56ppm and 

5.12ppm. No mortality was observed in control experiment. 
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3. 2. 2. Susceptibility of S-MDA  
The results in Table 23 revealed that four strains i.e. SWL, KCH, VRI and R-

PHOS were found less susceptible to emamectin as compared to S-MDA. SWL strain 

showed highest susceptibility against emamectin with lowest resistance ratio (RRb) of 

0.73 and required 26.97% less dose to kill the same number of larvae that was needed 

to kill S-MDA strain. 

Susceptibility gradually decreased in KCH, VRI and R-PHOS strains as they 

needed 19.08%, 11.84% and 9.31% less doses of emamectin, while having resistance 

ratios (RRb) of 0.81, 0.88 and 0.91 respectively as compared to S-MDA strain. 

Susceptible strains with resistance ratios ranging from 1.50 to 2.00 were 

considered moderately susceptible to emamectin. LHR, DGK and MUL showed 

moderate susceptibility against emamectin as they needed 50%, 53.95% and 68.42% 

more doses for LC50 than that for S-MDA, by exhibiting resistance ratios of (RRb) of 

1.50, 1.54 and 1.68, respectively. 

 Strains exhibiting resistance ratios values between 2.00 and 3.00 were 

considered slightly resistant to emamectin as in FSD, CHT and JHG strains. They 

exhibited 2.03, 2.23 and 2.81 resistance ratios (RRb) and required 102.63%, 123.03% 

and 180.92% more insecticide respectively for LC50 than that for S-MDA strain. 

Table 23. Response (mortality) of 6th instar larvae of T. castaneum against emamectin 
 

Strains LC50 (95%FL) (ppm) Slope (± SE)  χ2 df  p na RRb RRc 
 

DGK 2.34 (1.61-3.58) 1.348 (±0.27) 0.91 3 0.82 150 1.54 2.19 
MUL 2.56 (1.94-3.52) 1.881 (±0.30) 1.07 3 0.78 150 1.68 2 
VRI 1.34 (0.94-1.81) 1.709 (±0.29) 0.77 3 0.86 150 0.88 3.82 
FSD 3.08  (2.86-4.07) 1.387 (±0.30) 0.09 3 0.99 150 2.03 1.66 
CHT 3.39 (2.33-5.85) 1.331 (±0.27) 0.15 3 0.98 150 2.23 1.51 
JHG 4.27 (2.82-9.15) 1.389 (±0.29) 0.04 3 0.99 150 2.81 1.2 
LHR 2.28 (1.63-3.30) 1.529 (±0.27) 0.17 3 0.98 150 1.5 2.25 
SWL 1.11 (0.77-1.54) 1.553 (±0.28) 1.26 3 0.74 150 0.73 4.61 
KCH 1.23 (0.86-1.65) 1.756 (±0.30) 1.95 3 0.58 150 0.81 4.16 

LAB-UK 2.56 (1.87-3.67) 1.640 (±0.28) 0.31 3 0.95 150 1.68 2 
R-PHOS 1.38 (0.90-1.95) 1.436 (±0.27) 0.08 3 0.99 150 0.91 3.71 
S-MDA 1.52 (1.04-2.13) 1.508 (±0.28) 1.18 3 0.76 150   - 3.37 
R-MDA 5.12  (4.36-6.28) 1.304 (±0.28) 0.13 3 0.98 150 3.37   - 

_____________________________________________________________________ 
a Number of larvae used in bioassay, including control 
bResistance ratio = LC50 of collected strains / LC50 of S-MDA strains 
c Resistance ratio = LC50 of R-MDA strains / LC50 of collected strains 
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3. 2. 3. Response to selection with deltamethrin 
 

The results of bioassay in Table 23 revealed that R-MDA strain was the most 

resistant against emamectin. Dose for LC50 of R-MDA was 361.26% more than that 

of SWL. It was found the most susceptible strain to emamectin, along with highest 

resistant ratio (RRc) of 4.61. 

KCH, VRI, R-PHOS and S-MDA strains required 316.26%, 282.09%, 

271.01% and 236.84% less insecticide, respectively, to kill 50% of the larvae than 

that of R-MDA along with 4.16, 3.82, 3.71 and 3.37 resistance ratios (RRc) 

respectively. 

Three susceptible strains like LHR, DGK and MUL needed 124.56%, 

118.80% and 100.00% less dose of emamectin for LC50 as was needed in case of R-

MDA with resistance ratios (RRc) of 2.25, 2.19 and 2.00 respectively. 

The results also revealed that FSD, CHT and JHG strains were comparatively 

more resistant to emamectin. Resistance ratios (RRc) were comparatively lower with 

the values of 1.61, 1.51 and 1.20 respectively which indicated that LC50 values were 

66.23%, 51.03% and 19.91% less when compared with that of R-MDA, respectively. 

 
3. 2. 4. Effect of enzyme inhibitor (PBO) on MUL resistance 

 

The effect of microsomal oxidase inhibitor, PBO on the efficacy of emamectin 

was tested in different ratios against MUL strain (Fig. 16). Doses of emamectin+PBO 

used for determination of synergistic/antagonistic effect of PBO in different ratios 

against 6th instar larvae of MUL strain in the present study of T. castaneum are shown 

in Table 7. 

The results at 95% fiducial limit, revealed that emamectin was least 

antagonized in 1:2 with PBO. Least LC50 value of 1.8ppm, not significantly different 

with that of control, was determined in 1:2 mixture that was 29.69% less as compared 

to the LC50 value of emamectin when it was used alone. LC50 values increased as 

5.93ppm, 6.90ppm and 10.86ppm in ratios 1:1, 1:4 and 1:8, respectively which were 

131.64%, 169.53% and 324.22% more than that of emamectin alone, hence produced 

antagonistic effect on emamectin.  
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Fig. 18. Response of 6th instar larvae of MUL strain of T. castaneum against  

different ratios of emamectin+PBO   
 
 
3. 2. 5. Effect of enzyme inhibitor (PBO) on LHR resistance 

 

The results of Fig. 17 revealed the effect of enzyme inhibitor, PBO on the 

efficacy of emamectin against LHR strain. Mixture of emamectin+PBO in 1:2 ratio, 

was found least antagonistic by exhibiting least LC50 value of 1.68ppm. This 

concentration was 26.32% less than that of emamectin alone but not significantly 

different from control. 

Similarly, antagonistic effect was observed in 1:4, 1:1 and 1:8 ratios where 

LC50 were found 116.67, 148.68 and 491.67% more by exhibiting values of 4.94ppm, 

5.67ppm and 13.49ppm, respectively. 
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Fig. 19. Response of 6th instar larvae of LHR strain of T. castaneum against  

 different ratios of emamectin+PBO   
 
3. 2. 6. Effect of enzyme inhibitor (PBO) on FSD resistance 

 

The bioassay results for emamectin+PBO mixtures in 1:1, 1:2, 1:4 and 1:8 

ratios are shown in Fig. 18. Concentrations of both the chemicals of mixture for the 

treatment remained same as were described in Table 7.  

The result revealed that LC50 of emamectin+PBO was 2.45ppm when used in 

1:2 ratio. The antagonism was found weakest in this concentration i.e. 20.45% less as 

compared to the LC50 value of emamectin when it was used alone. 

The results also revealed that LC50 values increased as 4.92ppm, 5.56ppm and 

7.46ppm in antagonistic ratios of 1:1, 1:4 and 1:8, respectively. These concentrations 

were found 59.74%, 80.52% and 142.21% more, respectively than that of emamectin 

alone.  
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Fig. 20. Response of 6th instar larvae of FSD strain of T. castaneum against  

 different ratios of emamectin+PBO   
 
 
3. 2. 7. Effect of enzyme inhibitor (PBO) on R-MDA resistance 

 

Doses of emamectin+PBO used for determination of synergistic/antagonistic 

effect of PBO in different ratios against 6th instar larvae of R-MDA strain are shown 

in Table 7. The results in Fig. 19 revealed the antagonistic effect of enzyme inhibitor, 

PBO on the efficacy of emamectin against R-MDA strain at 95% fiducial limit. 

Least value of LC50, 1.90ppm was again observed in 1:2 ratio that was 62.89% 

less than that of emamectin alone showing the weakest antagonism. Other mixtures in 

ratios like 1:1, 1:4 and 1:8  produced antagonistic  effect by exhibiting LC50 values as 

5.82ppm, 8.13ppm and 14.63ppm that are 13.67%, 58.79% and 185.74% more, 

respectively as compared to that of emamectin alone.  
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Fig. 21. Response of 6th instar larvae of R-MDA strain of T. castaneum against  
 different ratios of emamectin+PBO 

The results of bioassay revealed that emamectin+PBO mixture was 

comparatively least antagonist at 1:2 and hence remained more effective as compared 

to emamectin alone. It was concluded that ratio of 1:2 was the most effective ratio 

against the deltamethrin susceptible and resistant strains under study.   

3. 2. 8. Total protein 
 Total protein content (mg) was recorded in 6th instar larvae of several 

deltamethrin susceptible as well as resistant strains of untreated, emamectin (3.8ppm) 

treated and emamectin+PBO (1:2) treatment (Table 24.).  

Table 24. Total protein (mg) in 6th instar larvae of susceptible and resistant  
 strains of T. castaneum before and after  emamectin treatment 
 

Strains (U-T)a (Ema-T)b (Ema+PBO-T)c 
 

DGK 0.04372 0.02632 0.02952 
SWL 0.02172 0.03232 0.02032 
LHR 0.02412 0.03732 0.01332 
KCH 0.02632 0.02112 0.02992 
FSD 0.03232 0.02532 0.04492 
MUL 0.01372 0.04092 0.04912 

R-PHOS 0.02372 0.03252 0.02592 
LAB-UK 0.02932 0.02152 0.04532 
R-MDA 0.01812 0.01052 0.02552 

 
a Untreated 
b Emamectin treated 
c Emamectin+PBO treated 
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The total protein content in 6th istar larvae before and after the treatments of 

susceptible and resistant strains is shown in Table 24. The results revealed that in 

three susceptible strains like SWL, LHR and MUL, the total protein content was 

increased, respectively by 48.80%, 54.73% and 198.25% after the treatment of sub-

lethal (3.8ppm) dose of emamectin.  One phosphine resistant strain i.e. R-PHOS also 

showed 37.10% increase in protein content after the treatment with the sub-lethal dose 

of emamectin than that of untreated. 

Three susceptible strains i.e. DGK, KCH and FSD showed 39.80%, 19.76% 

and 21.66% decrease in total protein content after the treatment of emamectin 

(3.8ppm) than that of untreated, respectively. Total protein content also decreased by 

26.60% and 41.94% in deltamethrin resistant strains i.e. LAB-UK and R-MDA, 

respectively when compared with that of untreated. 

When comparing the total protein content in untreated with that of 

emamectin+PBO treated in 1:2 ratio (Table 24), some susceptible strains i.e. DGK, 

SWL and LHR exhibited a decrease of 32.48%, 6.45% and 44.78%, respectively after 

the treatment of emamectin+PBO. 

On the other hand there was 13.68%, 38.99% and 258.02%, increase in three 

susceptible strains like KCH, FSD and MUL, respectively. Similarly an increase in 

the total protein content of 9.27%, 54.57% and 40.84% was also recorded in  

deltamethrin resistant strains i.e. R-PHOS, LAB-UK and R-MDA, respectively after 

the treatment of emamectin+PBO than that of untreated. 

Table 24 also revealed the comparative results of total protein content in 

susceptible and resistant strains after both the treatments i.e. emamectin (3.8ppm) and 

emamectin+PBO (1:2). 

The results revealed 12.16%, 41.67%, 77.41% and 20.04% increase of total 

protein content in four susceptible strains like DGK, KCH, FSD and MUL after the 

emamectin+PBO treatment than that of emamectin treatment. 

Similarly an increase of 110.59% and 142.59% was recorded in two 

deltamethrin resistant strains i.e. LAB-UK and R-MDA strains, respectively when 

compared with that of emamectin treated at sub lethal dose. 

On contrary two deltamethrin susceptible strains like SWL, LHR and one 

phosphine resistant strain i.e. R-PHOS exhibited 37.13, 64.31 and 20.30%, decrease, 

respectively in the protein content after emamectin+PBO treatment than that of 

emamectin treatment alone. 
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Fig. 22. Total protein (mg) in 6th instar larvae of susceptible and resistant strains  
 of T. castaneum for Un-treated, emamectin and emamectin+PBO (1:2)  
 treatments    
 U-T: Un-treated 

Ema-T: emamectin treated 
Ema+PBO-T: emamectin+PBO treated in 1:2 

 
3. 2. 9. Catalase 

 

Table 25 shows specific activities (IU) of catalase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the emamectin treatments either alone or in mixture with PBO. 
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Table 25. Specific activities of catalase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after emamectin  
treatment  
 

 
Strains (U-T)a (Ema-T)b (Ema+PBO-T)c 

 

DGK 445.3286 17198.79 3069.421 
SWL 758.4907 11492.06 5269.868 
LHR 931.3896 22392.88 5874.887 
KCH 4040.079 18685.47 3716.655 
FSD 1204.812 25671.04 2200.501 
MUL 1309.919 13047.92 1760.804 
R-PHOS 3220.126 14276.72 2542.349 
LAB-UK 2911.577 25889.17 2362.836 
R-MDA 5951.024 63992.84 1936.648 

 
a Untreated 
b Emamectin treated 
c Emamectin+PBO treated 
 

Table 25 shows the comparison between the specific activities of catalase of 

untreated and emamectin treated larvae.  

The results revealed that specific activity of catalase in the 6th instar larvae of 

all the susceptible as well as deltamethrin resistant strains was significantly higher. 

The results exhibited the increase of 3762.05%, 1415.12%, 2304.24%, 362.50%, 

2030.71% and 896.09%, in DGK, SWL, LHR, KCH, FSD and MUL strains, 

respectively, after emamectin treatment when compared with that of untreated. 

Resistant strains like R-PHOS, LAB-UK and R-MDA showed 343.36%, 

789.18% and 975.32% increase, respectively, after the treatment of emamectin than 

that of untreated. 

Almost all the deltamethrin susceptible strains showed variable increase in 

specific activities of catalase after the treatment with emamectin+PBO mixture (Table 

25). The results revealed that DGK, SWL and LHR exhibited a high increase like 

589.25%, 594.78% and 530.77% respectively while FSD and MUL strains showed 

comparatively less increase of 83.64% and 34.42% respectively. Contrary one 

susceptible strain i.e. KCH showed a little decrease of 8.01% in specific activity of 

catalase after the treatment of emamectin+PBO when compared with that of 

untreated. 
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The results of resistant strains showed decrease of 21.05%, 18.85% and 

67.46% in R-PHOS, LAB-UK and R-MDA respectively in the levels of specific 

activities of catalase after the treatment of emamectin+PBO when compared with that 

of untreated. 

Similar results were obtained in both, susceptible and deltamethrin resistant 

strains when specific activity of catalase after the treatment of emamectin+PBO (1:2) 

was compared with that of emamectin treated larvae (Table 25).  

Results revealed 82.15%, 54.14%, 73.76%, 80.11%, 91.43%, and 86.51% 

significant decrease in levels of specific activities of catalase in all susceptible strains 

i.e. DGK, SWL, LHR, KCH, FSD and MUL respectively.  

A significant decrease of 82.19%, 90.87% and 96.975% in specific activities 

of catalase was also recorded in deltamethrin resistant strains like R-PHOS, LAB-UK 

and R-MDA, respectively.  

 

 

Fig. 23. Specific activity of catalase (IU/mg of protein) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum for  
Un-treated and emamectin and emamectin+PBO treatments    
U-T: untreated 
Ema-T: emamectin treated 
Ema+PBO-T: emamectin+PBO treated in 1:2 
 
On the basis of above mentioned results it was concluded that PBO worked 

significantly better catalase inhibitor in both deltamethrin susceptible and resistant 

strains of T. castaneum. 
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3. 2. 10. Amylase   
 

Table 26. shows specific activities (IU) of amylase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after the 

emamectin treatments either used alone or in mixture with PBO. 

Table 26. Specific activities of amylase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after emamectin 
 treatment  
 

 
Strains (U-T)a (Ema-T)b (Ema+PBO-T)c 

 

DGK 6.285784 4.030219 6.24039 
SWL 9.76753 3.714189 5.313132 
LHR 10.4546 2.74117 6.036478 
KCH 11.10103 6.255793 5.892011 
FSD 9.121955 8.855865 4.20183 
MUL 16.83858 5.516629 3.896349 
R-PHOS 17.99932 3.122554 3.582683 
LAB-UK 14.4199 4.999319 2.981957 
R-MDA 23.72869 11.51854 5.354712 

 
a Untreated 
b Emamectin treated 
c Emamectin+PBO treated 
 

Table 26 shows the comparison between the specific activities of amylase of 

untreated and emamectin treated larvae. The results demonstrated that specific 

activity of amylase in 6th instar larvae of all the susceptible as well as deltamethrin 

resistant strains was significantly higher before the treatment. 

The results exhibited the decrease of 35.88%, 61.97%, 73.78%, 43.65%, 

2.92% and 67.24%, in all susceptible strains like DGK, SWL, LHR, KCH, FSD and 

MUL, respectively.  

Similarly all deltamethrin resistant strains viz. R-PHOS, LAB-UK and R-

MDA exhibited 82.65%, 65.33% and 51.46%, decrease in specific activity of 

amylase, respectively, after emamectin treatment than that of untreated. 

Similar results of decrease in specific activities of amylase after the treatment 

with emamectin+PBO mixture when compared with that of untreated were obtained 

in all susceptible and resistant strains of T. castaneum (Table 26). 
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The results revealed a negligible decrease of 0.72% in DGK strain where as 

SWL, LHR, KCH, FSD and MUL exhibited a significant decrease like 45.60%, 

42.26%, 46.92%, 53.94% and 76.86%, respectively. 

The results of resistant strains also showed a significant decrease of 80.10%, 

79.32% and 77.43% in R-PHOS, LAB-UK and R-MDA, respectively in the levels of 

specific activities of amylase after the treatment of emamectin+PBO when compared 

with that of untreated. 

Non symmetric results were obtained in both, susceptible and deltamethrin 

resistant strains when specific activity of amylase after the treatment of 

emamectin+PBO (1:2) was compared with that of emamectin treated larvae (Table 

26).  

Some susceptible as well as deltamethrin resistant strains showed increase in 

the level of specific activities of amylase like DGK, SWL and LHR and exhibited 

54.84%, 43.05%, 120.22% increase, respectively. One resistant strain i.e. R-PHOS 

also showed 14.74% increase in specific activities of amylase after the treatment of 

emamectin+PBO mixture when compared with that of emamectin treated. 

Contrary some susceptible and resistant strains revealed 5.82%, 52.55%, 

29.37%, 40.35 and 53.51% respective decrease in levels of specific activities of 

amylase in KCH, FSD, MUL, LAB-UK and R-MDA.  

On the basis of above mentioned results it was concluded that PBO did not 

work as amylase inhibitor in case of susceptible and resistant strains of T. castaneum.  
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Fig. 24. Specific activity of amylase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for Un- 
treated, emamectin treated and emamectin+PBO treatments    
U-T: Un-treated 
Ema-T: emamectin treated 
Ema+PBO-T: emamectin+PBO treated in 1:2 

 
On the basis of the results obtained, it was concluded that PBO inhibited 

amylase activity significantly in highly resistant strains against deltamethrin. PBO 

produced non significant affect in the inhibition of amylase activity in slightly 

resistant strains.  

 

3. 2. 11. Acid phosphatase 
 

Table 27. shows specific activities (IU) of acid phosphatase in 6th instar larvae 

of deltamethrin susceptible and resistant strains of T. castaneum before and after the 

emamectin treatments either alone or in mixture with PBO. 
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Table 27. Specific activities of acid phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
emamectin treatment 

 
Strains (U-T)a (Ema-T)b (Ema+PBO-T)c 

 

DGK 0.212285 0.705249 0.887717 
SWL 0.502713 0.912162 1.370238 
LHR 1.04119 0.906984 2.254281 
KCH 0.829705 1.654382 0.802862 
FSD 0.945946 1.272149 0.510457 
MUL 1.591679 0.707115 0.600185 
R-PHOS 1.380976 0.520428 0.821446 
LAB-UK 0.931013 0.887923 0.746881 
R-MDA 0.421813 1.504984 1.262179 

 
a Untreated 
b Emamectin treated 
c Emamectin+PBO treated 
 

Table 27 shows the comparison between the specific activities of acid 

phosphatase of untreated and emamectin treated larvae. 

The results revealed that specific activity of acid phosphatase in the 6th instar 

larvae of some susceptible as well as one resistant strains was significantly higher 

after emamectin treatment than that of untreated. A respective increase of 232.22%, 

81.45%, 99.39% and 34.48% was recorded in susceptible strains like DGK, SWL, 

KCH and FSD where as 256.79% increase in R-MDA strain, respectively. 

On the other hand rest of the strains viz. LHR, MUL, R-PHOS and LAB-UK 

exhibited 12.89%, 55.57%, 62.31% and 4.63% decrease in specific activity of acid 

phosphatase, respectively, after the treatment of emamectin than that of untreated. 

Table 27 shows mixed response of either increase or decrease in the specific 

activities of acid phosphatase, after the treatment with emamectin+PBO mixture when 

compared with that of untreated. 

The results revealed that three susceptible and one resistant strains i.e. DGK, 

SWL, LHR and R-MDA showed significant increase of 318.17%, 172.57%, 116.51% 

and 199.23%, respectively, in the specific activities of acid phosphatase after the 

treatment with emamectin+PBO.  
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All other strains like KCH, FSD, MUL, R-PHOS and LAB-UK exhibited a 

decrease of 3.24%, 46.04%, 62.29%, 40.52% and 19.78%, respectively in the specific 

activity levels after emamectin+PBO treatment when compared with that of untreated. 

Almost similar results were obtained in both, susceptible and deltamethrin 

resistant strains when specific activity of acid phosphatase after the treatment of 

emamectin+PBO (1:2) was compared with that of emamectin treated larvae (Table 

27).  

The results revealed 25.87%, 50.22% and 148.55% increase in levels of 

specific activities of acid phosphatase in susceptible strains i.e. DGK, SWL and LHR, 

respectively. Similarly one resistant strain i.e. R-PHOS exhibited 57.84% increase.  

Contrary, some susceptible as well as  deltamethrin resistant strains showed 

decrease in the level of specific activities of acid phosphatase like KCH, FSD, MUL, 

LAB-UK and R-MDA, by exhibiting 51.47%, 59.87%, 15.12%, 15.88% and 16.13% 

respective decrease in specific activities of acid phosphatase after the treatment of 

emamectin+PBO mixture when compared with that of emamectin treated.  

 

 
 
Fig. 25. Specific activity of acid phosphatase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for Un- 
treated, emamectin and emamectin+PBO treatments 
U-T: Un-treated 
Ema-T: emamectin treated 
Ema+PBO-T: emamectin+PBO treated in 1:2 

 
On the basis of results obtained, it was concluded that PBO depleted acid 

phosphatase non-significantly in highly to slightly resistant strains against 
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deltamethrin. On the other hand, it does not decrease the activity of acid phosphatase 

in susceptible strains.   

 
3. 2. 12. Alkaline phosphatase 

 

Table 28 shows specific activities (IU) of alkaline phosphatase in 6th instar 

larvae of deltamethrin susceptible and resistant strains of T. castaneum before and 

after  emamectin treatments whether used alone or in mixture with PBO. 

 

Table 28. Specific activities of alkaline phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after 
emamectin treatment 

 
Strains (U-T)a (Ema-T)b (Ema+PBO-T)c 

 

DGK 0.93655 0.705249 0.72127 
SWL 0.251356 0.777027 0.83289 
LHR 0.135807 0.746068 0.860726 
KCH 0.539308 1.137387 0.875849 
FSD 0.337838 0.991845 0.559072 
MUL 0.517296 0.720457 0.58907 
R-PHOS 0.874618 0.856188 0.758258 
LAB-UK 0.856532 0.938662 0.734835 
R-MDA 0.783366 0.938662 0.727357 

 
a Untreated 
b Emamectin treated 
c Emamectin+PBO treated 
 

When comparison was made between emamectin treatment and control, the 

results revealed that only two strains i.e. DGK and R-PHOS exhibited respective 

decrease of 24.70% and 2.11% after the treatment of emamectin (Table 28). 

The results exhibited the increase of 209.13%, 449.36%, 110.90%, 193.59% 

and 39.27%, in susceptible strains like SWL, LHR, KCH, FSD and MUL, 

respectively.  

Similarly resistant strains viz. LAB-UK and R-MDA exhibited 9.59% and 

19.82%, increase in specific activity of alkaline phosphatase, respectively after the 

treatment of emamectin than that of untreated. 
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Table 28 shows increase in the specific activities of alkline phosphatase in 

almost all susceptible strains except DGK, after the treatment with emamectin+PBO 

mixture in (1:2) when compared with that of untreated. 

The results revealed that five susceptible strains i.e. SWL, LHR, KCH, FSD 

and MUL showed increase of 231.36%, 533.79%, 62.40%, 65.49% and 13.87%, 

respectively, in the specific activities of alkaline phosphatase after the treatment with 

emamectin+PBO.  

Contrary DGK and resistant strains like R-PHOS, LAB-UK and R-MDA 

exhibited decrease of 22.99%, 13.30%, 14.21% and 7.15%, respectively in the 

specific activity levels of alkaline phosphatase after the treatment with 

emamectin+PBO when compared with that of untreated. 

Table 28 shows the results of specific activities of alkaline phosphatase after  

emamectin+PBO (1:2) treatment of susceptible and resistant strains when compared 

with that of emamectin treated larvae.  

Some susceptible strains showed increase in the level of specific activities of 

alkaline phosphatase like DGK, SWL and LHR exhibited 2.27%, 7.19% and 15.37% 

increase, respectively.  

Contrary some susceptible and resistant strains revealed 22.99%, 43.63%, 

18.24%, 11.44%, 21.71% and 22.51% respective decrease in levels of specific 

activities of alkaline phosphatase in KCH, FSD, MUL, R-PHOS, LAB-UK and R-

MDA.  
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Fig. 26. Specific activity of alkaline phosphatase (IU/mg of protein) in 6th instar  
larvae of deltamethrin susceptible and resistant strains of T. castaneum  
for un-treated, emamectin and emamectin+PBO treatments    
U-T: Un-treated 
Ema-T: emamectin treated 
Ema+PBO-T: emamectin+PBO treated in 1:2 
 
On basis of the results obtained, it was concluded that PBO depleted the 

activity of alkaline phosphatase up to some extent in highly resistant strains against 

deltamethrin to susceptible strains. There was no significant effect of PBO in the 

depletion of alkaline phosphatase activity.   

 
3. 2. 13. Acetylcholinesterase (AChE) 

 

Table 29 shows specific activities (IU) of acetylcholinesterase (AChE) in 6th 

instar larvae of deltamethrin susceptible and resistant strains of T. castaneum before 

and after both the emamectin treatments either alone or in mixture with PBO. 
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Table 29. Specific activities of acetylcholinesterase (IU) in 6th instar larvae of 
deltamethrin susceptible and resistant strains of T. castaneum before and after  
 emamectin treatment 

 
Strains (U-T)a (Ema-T)b (Ema+PBO-T)c 

 

DGK 0.611461 3.844014 2.243082 
SWL 1.42016 3.957535 2.489528 
LHR 1.057183 3.096709 2.223125 
KCH 0.828182 4.323095 1.539544 
FSD 0.941664 5.035397 0.778242 
MUL 1.378921 1.397059 0.812174 
R-PHOS 0.589522 3.376731 1.380448 
LAB-UK 0.462898 8.007693 0.916573 
R-MDA 0.408554 34.24712 1.595476 

 
a Untreated 
b Emamectin treated 
c Emamectin+PBO treated 

 

Table 29 shows the comparison between the specific activities of 

acetylcholinesterase (AChE) of untreated and emamectin treated larvae. The results 

revealed that specific activity of AChE in 6th instar larvae of all the susceptible as well 

as deltamethrin resistant strains was significantly higher after the treatment. 

The results exhibited the significant increase of 528.66%, 178.67%, 192.92%, 

422.00% and 434.73% in all susceptible strains like DGK, SWL, LHR, KCH and 

FSD, respectively while only MUL showed slight increase of and 1.32%.  

Similarly all  deltamethrin resistant strains viz. R-PHOS, LAB-UK and R-

MDA exhibited very high increase of 472.79%, 1629.90% and 8282.52%, 

respectively, in specific activity of AChE  after emamectin treatment than that of 

untreated. 

The results of increase in specific activities of AChE after the treatment with 

emamectin+PBO mixture when compared with that of untreated were obtained in 

almost all susceptible and resistant strains (Table 29). 

The results revealed a respective decrease of 17.35% and 41.10% in two 

susceptible strains like FSD and MUL, contrary all other susceptible strains i.e. DGK, 

SWL, LHR and KCH exhibited a significant increase of 266.84%, 75.30%, 110.29% 

and 85.89%, respectively. 
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Results of resistant strains also showed a significant increase of 134.16%, 

98.01% and 290.52% in R-PHOS, LAB-UK and R-MDA, respectively in the levels of 

specific activities of AChE after the treatment of emamectin+PBO when compared 

with that of untreated. 

The results of specific activity of AChE after the treatment of 

emamectin+PBO (1:2) when compared with that of emamectin treated larvae are 

shown in Table 29. The results revealed decrease in the level of specific activities of 

AChE in both, susceptible and resistant strains. 

All susceptible strains like DGK, SWL, LHR, KCH, FSD and MUL exhibited 

decrease of 41.65%, 37.09%, 28.21%, 64.38%, 84.54% and 41.87%, respectively, in 

the level of specific activities of AChE. 

All resistant strain i.e. R-PHOS, LAB-UK and R-MDA also showed 

significant decrease of 59.12%, 88.55% and 95.34% in specific activities of AChE 

after the treatment of emamectin+PBO mixture when compared with that of 

emamectin treated. 

 

 

Fig. 27. Specific activity of acetylcholinesterase (IU/mg of protein) in 6th instar larvae  
of deltamethrin susceptible and resistant strains of T. castaneum for  
un-treated, emamectin and emamectin+PBO treatments    
U-T: Un-treated 
Ema-T: emamectin treated 
Ema+PBO-T: emamectin+PBO treated in 1:2 
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PBO significantly depleted the activity of acetylcholinesterase in both 

deltamethrin susceptible and resistant strains hence it was concluded that PBO can be 

used as synergist with emamectin in 1:2. 

 
3. 3. 1. Abamectin toxicity 

 

The toxicity of abamectin, in terms of LC50, at 95% Fiducial limit after 48 

hours of treatment, against 6th  instar larvae of different resistant and deltamethrin 

susceptible strains of T. castaneum are shown in  Table 30. 

The results revealed the toxicity of abamectin after 48 hours of treatment 

against collected deltamethrin susceptible strains.Thus CHT, MUL, KCH, LHR, 

SWL, DGK, VRI, FSD and JHG strains showed LC50 of 1.61ppm, 2.48ppm, 

3.05ppm, 3.19ppm, 3.53ppm, 3.72ppm, 3.84ppm, 4.24ppm, 6.00ppm, respectively. 

One susceptible strain, S-MDA revealed the toxicity of abamectin as 2.62ppm. 

Other resistant strains like R-PHOS, LAB-UK, and R-MDA exhibited the higher LC50 

values i.e. 4.26ppm, 5.30ppm, and 7.90 ppm, respectively. No mortality was observed 

in control experiment (Table 30).  

 
3. 3. 2. Susceptibility of S-MDA  

 

The results in Table 30 revealed the susceptibility of strains against abamectin 

when compared with that of S-MDA.  

The results revealed that two strains viz. CHT and MUL were found very 

susceptible to abamectin as compared to S-MDA by showing resistance ratios (RRb) 

of 0.61 and 0.95, respectively. CHT and MUL strains required respectively 38.55% 

and 5.34% less doses to kill the same number of larvae that was needed to kill S-

MDA strain. 

Other deltamethrin susceptible strains with resistance ratio values ranging 

from 1.0 to 1.49 were considered susceptible to abamectin like KCH, LHR, SWL, 

DGK and VRI with resistance ratio values (RRb) of 1.16, 1.22, 1.35, 1.42 and 1.47, 

respectively. These strains respectively needed 16.41%, 21.76%, 34.73%, 41.98% and 

45.56% more doses for LC50 than that for S-MDA. 

Strains exhibiting resistance ratios values (RRb) between 1.5 and 2.5 were 

considered less susceptible to abamectin as in FSD, R-PHOS, LAB-UK and JHG 

strains. They exhibited 1.62, 1.63, 2.02 and 2.29 resistance ratios (RRb) and required 
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61.83%, 62.60%, 102.29% and 129.01% more insecticide, respectively for LC50 than 

that for S-MDA strain. 

 The results of bioassays in Table 30 showed that only R-MDA strain exhibited 

resistance ratio more than 2.5 so it was considered as least susceptible to abamectin. 

R-MDA exhibited resistance ratio (RRb) of 3.02 and needed 201.53% more dose of 

abamectin for LC50 as compared to S-MDA.  

Table 30. Response (mortality) of 6th instar larvae of T. castaneum against abamectin 
 

Strains 
LC50 (95%FL) 

(ppm) 
Slope  
(± SE)  χ2 Df  p na RRb RRc 

 
 

DGK 3.72 (2.61-5.34) 
1.484 

(±0.27) 0.08 3 0.99 150 1.42 2.12 

MUL 2.48  (1.97-3.06) 
1.762 

(±0.29) 0.37 3 0.94 150 0.95 3.19 

VRI 3.84 (2.63-5.71) 
1.371 

(±0.27) 0.12 3 0.98 150 1.47 2.06 

FSD 4.24  (3.56-5.37) 
1.413 

(±0.27) 0.02 3 0.99 150 1.62 1.86 

CHT 1.61 (0.75-3.23) 
0.738 

(±0.15) 2.87 3 0.41 150 0.61 4.91 

JHG 6.00 (4.13-9.90) 
1.355 

(±0.27) 0.05 3 0.99 150 2.29 1.32 

LHR 3.19 (2.30-4.34) 
1.696 

(±0.28) 0.67 3 0.88 150 1.22 2.48 

SWL 3.53 (1.81-8.40) 
0.743 

(±0.16) 1.73 3 0.63 150 1.35 2.24 

KCH 3.05 (2.29-3.99) 
1.984 

(±0.30) 0.71 3 0.87 150 1.16 2.59 

LAB-UK 5.30 (3.88-7.77) 
1.622 

(±0.28) 0.08 3 0.99 150 2.02 1.49 

R-PHOS 4.26 (3.16-5.89) 
1.740 

(±0.29) 0.27 3 0.96 150 1.63 1.85 

S-MDA 2.62 (1.86-3.51) 
1.746 

(±0.29) 0.96 3 0.81 150 - 3.02 

R-MDA 7.90  (6.68-9.91) 
1.627 

(±0.29) 0.54 3 0.91 150 3.02 - 
_____________________________________________________________________ 
a Number of larvae used in bioassay, including control 
bResistance ratio = LC50 of collected strains / LC50 of S-MDA strains 
c Resistance ratio = LC50 of R-MDA strains / LC50 of collected strains 
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3. 3. 3. Response to selection with deltamethrin 
 

The results of bioassay in Table 30 revealed that R-MDA strain was the most 

resistant against abamectin. Dose for LC50 of R-MDA was 390.68% more than that of 

CHT (most susceptible strain to abamectin) along with highest resistant ratio (RRc) of 

4.91. When compared with MUL strain, R-MDA needed 218.55% more dose for LC50 

by showing 3.19 resistant ratio (RRc). 

Deltamethrin resistant strain i.e. R-MDA required 201.53% more abamectin 

for LC50 as compared to that of deltametrin susceptible strain S-MDA, with resistant 

ratio (RRc) of 3.02. 

When LC50 of R-MDA was compared with that of other susceptible strains 

like KCH, LHR, SWL, DGK and VRI, it was found that R-MDA needed 159.02%, 

147.65%, 123.80%, 112.37% and 105.73% more dose of abamectin along with 

resistant ratio (RRc) of 2.59, 2.48, 2.24, 2.12 and 2.06, respectively. 

The results revealed that dose of abamectin to kill 50% of the the 6th instar 

larvae of R-MDA strain was 86.32%, 85.45%, 49.06% and 31.67% more than that of 

FSD, R-PHOS, LAB-UK and JHG strains and resistant ratio (RRc) of 1.86, 1.85, 1.49 

and 1.32 respectively. 

Considering the above obtained results, it was concluded that R-MDA was the 

most resistant strain of all against abamectin.  

 
3. 3. 4. Effect of enzyme inhibitor (PBO) on MUL resistantce 

 

The effect of piperonyl butoxide (PBO), a microsomal oxidase inhibitor, on 

the efficacy of abamectin was tested in different ratios against MUL strain (Fig. 23). 

Doses of abamectin+PBO used for determination of synergistic/antagonistic effect of 

PBO in different ratios against 6th instar larvae of MUL strain in the present study of 

T. castaneum are shown in Table 8. 

Result at 95% fiducial limit, revealed that abamectin was most effectively 

synergized in 1:2 with PBO. Least LC50 value of 0.602ppm was determined in 1:2 

mixture. This dose was 75.73% less as compared to the LC50 value of abamectin when 

it was used alone.  
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The synergistic effect of PBO was less in 1:4, 1:1 and 1:8 ratios as LC50 values 

increased by 0.747ppm, 2.047ppm and 2.381ppm, respectively. These doses were 

69.88%, 17.46% and 3.99% less than that of abamectin alone treatment. 

It was deduced that PBO gave a synergistic effect in almost all the tested ratios 

against MUL strain but highest efficacy was obtained in 1:2.  

 

 
Fig. 28. Response of 6th instar larvae of MUL strain of T.  castaneum against  

 different ratios of abamectin+PBO   
 
3. 3. 5. Effect of enzyme inhibitor (PBO) on LHR resistance 

 

The results given in Fig. 24 show the effect of enzyme inhibitor, PBO on the 

efficacy of abamectin against LHR strain. Mixture of abamectin+PBO in 1:2 was 

found to be the most effective by exhibiting least LC50 value of 0.815ppm. This 

concentration was 74.45% less than that of abamectin alone. 

Nonsignificant synergistic effects were also observed in 1:4 and 1:1 ratios 

where LC50 were found 34.92% and 5.11% less by exhibiting values of 2.076ppm and 

3.027ppm, respectively. Ratio, 1:8 produced antagonistic effect as 66.30% more 

abamectin was needed to kill the 50% of the test larvae as compared with that of 

abamectin alone. 

From the results obtained, it was concluded that abamectin mixed in 1:2 with 

PBO produced the highest synergistic effect against LHR strain.  
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Fig. 29. Response of 6th instar larvae of LHR strain T.  castaneum against different  

 ratios of abamectin+PBO   
 
 
3. 3. 6. Effect of enzyme inhibitor (PBO) on FSD resistance 

 

The bioassay results for abamectin+PBO mixtures in 1:1, 1:2, 1:4 and 1:8 

ratios are shown in Fig. 25. Concentrations of both the chemical mixtures for the 

treatments remained the same as described in Table 8.  

The result at 95% fiducial limit revealed that least LC50 value of 

abamectin+PBO was 0.700ppm when used in 1:2. This concentration was found 

83.49% less as compared to the LC50 value of abamectin when it was used alone. 

The results also revealed that LC50 values increased gradually as 1.275ppm, 

4.058ppm and 5.670ppm in synergistic ratios i.e. 1:1, 1:4 and 1:8, respectively. These 

concentrations were found 69.93% and 4.29% less in 1:1 and 1:4, respectively than 

that of abamectin alone.  Ratio 1:8, needed 33.73% more dose of mixture as compared 

to abamectin alone hence did not produce any synergistic effect.  

On the basis of the results obtained, it was deduced that abamectin was 

synergized the most when it was mixed with PBO in 1:2. 
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Fig. 30. Response of 6th instar larvae of FSD strain of T.  castaneum against  

different ratios of abamectin+PBO   
 
3. 3. 7. Effect of enzyme inhibitor (PBO) on R-MDA resistance 

 

Doses of abamectin+PBO used for determination of synergistic effect of PBO 

in different ratios against 6th instar larvae of R-MDA strain are shown in Table 8. The 

results in Fig. 26 revealed the synergistic/antagonistic effect of enzyme inhibitor, 

PBO on the efficacy of abamectin against R-MDA strain at 95% fiducial limit. 

The least value of LC50, (0.699ppm) was observed in  1:2 ratio that was 

91.15% less than that of abamectin alone. Other mixtures in ratios like 1:1 and 1:4 

also produced a synergistic effect by exhibiting LC50 values as 1.882ppm and 

7.710ppm that are 76.18% and 2.41% less, respectively as compared to that of 

abamectin alone. 

Ratio like 1:8 needed 75.57% more dose of mixture as compared to abamectin 

alone hence produced antagonistic effect.  

On the basis of the results obtained, it was concluded that PBO exhibited the 

highest synergism in 1:2 ratio of abamectin.  
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Fig. 31. Response of 6th instar larvae of R-MDA strain of T.  castaneum against 

 different ratios of abamectin+PBO   
 

The overall results of bioassay revealed that abamectin+PBO mixture was 

more effective as compared to abamectin alone. It was concluded that synergistic ratio 

of 1:2 was found more effective ratio against the deltamethrin susceptible and 

deltamethrin resistant strains in the present experimentations.   

3. 3. 8. Total protein 
 Total protein content (mg) was recorded in 6th instar larvae of several 

deltamethrin susceptible as well as resistant strains of untreated, abamectin (1.8ppm) 

treated and abamectin+PBO (1:2) treatment (Table 31).  

Table 31. Total protein (mg) in 6th instar larvae of susceptible and resistant strains of  
T. castaneum before and after abamectin treatment 

 

Strains (U-T)a (Aba-T)b (Aba+PBO-T)c 
 

DGK 0.04372 0.03192 0.03212 
SWL 0.02172 0.03572 0.01832 
LHR 0.02412 0.03412 0.01672 
KCH 0.02632 0.01992 0.02332 
FSD 0.03232 0.02772 0.04172 
MUL 0.01372 0.03052 0.04292 

R-PHOS 0.02372 0.02532 0.03412 
LAB-UK 0.02932 0.02572 0.04392 
R-MDA 0.01812 0.00952 0.02112 

 
a Untreated 
b Abamectin treated 
c Abamectin+PBO treated 
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The total protein content in 6th istar larvae before and after the treatments of 

susceptible and resistant strains is shown in Table 31. The results revealed that in 

three susceptible strains i.e. SWL, LHR and MUL, the total protein content was 

64.46%, 41.46% and 122.45% increased, respectively after the treatment of sub-lethal 

dose (1.8ppm) of abamectin.  Similarly, 6.75% increase in the total protein content 

after the treatment with abamectin (1.8ppm) was observed in phosphine resistant 

strain i.e. R-PHOS when it was compared with that of control. 

Contrary other deltamethrin susceptible strains such as DGK, KCH and FSD 

showed 26.99%, 24.32% and 14.23% respective decrease in total protein content after 

the treatment of abamectin (1.8ppm) than that of untreated. In case of resistant strains, 

decrease of 12.28% and 47.46% was recorded after the sub lethal treatment of 

abamectin in LAB-UK and R-MDA when compared with that of untreated.  

When comparing the total protein content in untreated with that of 

abamectin+PBO treated in the ratio 1:2 (Table 31), only two deltamethrin susceptible 

strains i.e. FSD and MUL exhibited an increase of 29.08% and 212.83%, respectively 

after the treatment of abamectin+PBO. Similarly, resistant strains like R-PHOS, LAB-

UK and R-MDA showed increase of 43.84%, 49.80% and 16.56%, respectively after 

the treatment of abamectin+PBO (1:2) mixture than that of control.  

On the other hand there was 26.53%, 15.65%, 30.68% and 11.40%, decrease 

in four deltamethrin susceptible strains like DGK, SWL, LHR and KCH, respectively 

after the treatment of abamectin+PBO than that of untreated. 

Table 31 reveals the comparative results of total protein content in susceptible 

and resistant strains after both the treatments i.e. abamectin (1.8ppm) and 

abamectin+PBO (1:2). 

The results revealed increase in total protein contents by 0.62%, 17.07%, 

50.51% and 40.63% in DGK, KCH, FSD and MUL deltamethrin susceptible strains 

after the treatment of abamectin+PBO mixture when compared with that of abamectin 

treated alone. Similarly, R-PHOS, LAB-UK and R-MDA also exhibited 34.76%, 

70.76% and 121.85% increase in the total protein contents after the treatment of 

abamectin+PBO (1:2) when compared with the total protein contents of the same 

strains treated with abamectin. 

Contrary a decrease of 48.71% and 51.00% was recorded in deltamethrin 

susceptible strains i.e. SWL and LHR, respectively when compared with that of 

abamectin treated at sub lethal dose (1.8ppm). 
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Fig. 32. Total protein (mg) in 6th instar larvae of susceptible and resistant strains of 

T. castaneum for un-treated, abamectin and abamectin+PBO (1:2) treatments    
U-T: un-treated 
Aba-T: abamectin treated 
Aba+PBO-T: abamectin+PBO treated in 1:2 

 
3. 3. 9. Catalase 
 

 Table 32 shows specific activities (IU) of catalase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the abamectin treatments either alone or in mixture with PBO. 
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Table 32. Specific activities of catalase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after abamectin 
treatment 

 
Strains (U-T)a (Aba-T)b (Aba+PBO-T)c 

 
DGK 445.3286 16726.85 3718.541 
SWL 758.4907 8773.471 4945.923 
LHR 931.3896 27894.84 7636.169 
KCH 4040.079 15149.67 4415.314 
FSD 1204.812 17167.61 2764.164 
MUL 1309.919 12550.14 1823.241 

R-PHOS 3220.126 11918.7 2776.316 
LAB-UK 2911.577 13989.75 1875.503 
R-MDA 5951.024 65837.89 3705.184 

 
a Untreated 
b Abamectin treated 
c Abamectin+PBO treated 
 

Table 32 shows the comparison between the specific activities of catalase of 

untreated and abamectin treated larvae. The results revealed that specific activity of 

catalase in the 6th instar larvae of all the susceptible as well as resistant strains was 

significantly higher after the treatment than that of control.  

The results exhibited the increase of 3656.07%, 1056.70%, 2894.97%, 

274.98%, 1324.92% and 858.09%, in DGK, SWL, LHR, KCH, FSD and MUL 

strains, respectively, after the treatment of abamectin when compared with that of 

untreated. 

Resistant strains like R-PHOS, LAB-UK and R-MDA showed 270.13%, 

380.49% and 1006.33% increase, respectively, after the treatment of abamectin than 

that of untreated. 

On the basis of the results obtained, it was deduced that stress of tested 

insecticides enhanced the activity of catalase in T castaneum.    

All the deltamethrin susceptible strains showed highly significant increase in 

specific activities of catalase after the treatment with abamectin+PBO mixture (Table 

32).  

The results revealed that DGK, SWL, LHR and FSD exhibited a highly 

significant increase like 735.01%, 552.07%, 719.87%, and 129.43%, respectively. 

Two  susceptible strains like KCH and MUL showed comparatively less increase of 
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9.29% and 39.19%, respectively in specific activity of catalase after the treatment of 

abamectin+PBO when compared with that of untreated. 

The results of resistant strains showed decrease of 13.78%, 35.58% and 

37.74% in R-PHOS, LAB-UK and R-MDA, respectively in the levels of specific 

activities of catalase after the treatment of abamectin+PBO when compared with that 

of untreated. 

Table 32 shows the changes in specific activities of catalase obtained in both, 

susceptible and resistant strains after the treatments of abamectin+PBO (1:2) was 

compared with that of abamectin treated larvae.  

The results revealed 77.77%, 43.63%, 72.63%, 70.86%, 83.90%, and 85.47% 

significant decrease in levels of specific activities of catalase in all deltamethrin 

susceptible strains i.e. DGK, SWL, LHR, KCH, FSD and MUL, respectively after the 

treatments of abamectin+PBO (1:2) when compared with that of abamectin treated 

larvae.  

Similarly a significant decrease of 76.71%, 86.59% and 94.37% in specific 

activities of catalase was also recorded in resistant strains like R-PHOS, LAB-UK and 

R-MDA, respectively.  

 
 

 
Fig. 33. Specific activity of catalase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, abamectin and abamectin+PBO treatments   
U-T: un-treated  
Aba-T: abamectin treated 
Aba+PBO-T: abamectin+PBO treated in 1:2 
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On the basis of above mentioned results it was concluded that PBO worked 

significantly better catalase inhibitor in both deltamethrin susceptible and resistant 

strains of T. castaneum. 

 
3. 3. 10. Amylase   
 

Table 33 shows specific activities (IU) of amylase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the abamectin treatments either alone or in mixture with PBO. 

Table 33. Specific activities of amylase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after abamectin 
treatment 

 
Strains (U-T)a (Aba-T)b (Aba+PBO-T)c 

 
DGK 6.285784 3.287685 6.017314 
SWL 9.76753 3.392359 6.078617 
LHR 10.4546 3.153146 4.967006 
KCH 11.10103 6.443144 7.413874 
FSD 9.121955 7.993797 4.433636 
MUL 16.83858 6.530669 4.555943 

R-PHOS 17.99932 4.114846 2.754854 
LAB-UK 14.4199 4.329715 3.12858 
R-MDA 23.72869 13.16465 6.827751 

 
a Untreated 
b Abamectin treated 
c Abamectin+PBO treated 

 
Table 33 shows the comparison between the specific activities of amylase of 

untreated and abamectin treated larvae. The results revealed that specific activity of 

amylase in 6th instar larvae of deltamethrin susceptible as well as resistant strains was 

decreased significantly after the treatment with abamectin (1.8ppm). 

The results exhibited the decrease of 47.70%, 65.27%, 69.84%, 41.96%, 

12.37% and 61.22%, in all susceptible strains like DGK, SWL, LHR, KCH, FSD and 

MUL, respectively.  

Similarly, resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 

77.14%, 69.97% and 44.52% decrease in specific activity of amylase, respectively, 

after the treatment of abamectin than that of untreated. 
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Table 33 shows the results of changes in specific activities of amylase after the 

treatment with abamectin+PBO mixture when compared with that of untreated in all 

deltamethrin susceptible and resistant strains. 

The results revealed a non-significant increase of 4.27% in DGK strain 

whereas SWL, LHR, KCH, FSD and MUL exhibited a significant decrease in the 

levels of specific activities of amylase like 37.77%, 52.49%, 33.21%, 51.40% and 

72.94%, respectively. 

The results of resistant strains also showed a highly significant decrease of 

84.69%, 78.30% and 71.23% in R-PHOS, LAB-UK and R-MDA, respectively in the 

levels of specific activities of amylase after the treatment of abamectin+PBO when 

compared with that of untreated. 

On the basis of the obtained results, it was concluded that PBO suppressed the 

activity of amylase in susceptible as well as resistant strains of T. castaneum as 

compared to control.  

The results obtained in both, susceptible and resistant strains for specific 

activity of amylase after the treatment of abamectin+PBO (1:2) compared with that of 

abamectin treated larvae is shown in Table 33.  

Some susceptible strains showed increase in the level of specific activities of 

amylase as DGK, SWL, LHR and KCH and exhibited 83.03%, 79.19%, 57.53% and 

15.07% increase, respectively in amylase activity after the treatment of 

abamectin+PBO mixture when compared with that of abamectin treated. 

Contrary some susceptible and all resistant strains revealed 44.54%, 30.24%, 

33.05%, 27.74%, and 48.14% respective decrease in the levels of specific activities of 

amylase in FSD, MUL, R-PHOS, LAB-UK and R-MDA strains.  

On the basis of above mentioned results it was concluded that PBO worked 

best as amylase inhibitor against resistant strains while in case of susceptible strains 

of T. castaneum it did not work as amylase inhibitor.  
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Fig. 34. Specific activity of amylase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for un-treated, 
abamectin and abamectin+PBO treatments    
U-T: un-treated 
Aba-T: abamectin treated 
Aba+PBO-T: abamectin+PBO treated in 1:2 

 
On basis of the overall results obtained for amylase activity, it was concluded 

that PBO inhibited amylase activity insignificantly in highly resistant strains against 

deltamethrin. It remained ineffective in the inhibition of amylase activity in 

susceptible strains.  

 
3. 3. 11. Acid phosphatase 

 

Table 34 shows specific activities (IU) of acid phosphatase in 6th instar larvae 

of deltamethrin susceptible and resistant strains of T. castaneum before and after both 
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Table 34. Specific activities of acid phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
 abamectin treatment 

 
Strains (U-T)a (Aba-T)b (Aba+PBO-T)c 

 

DGK 0.21229 0.66704 0.90084 
SWL 0.50271 0.7642 1.40063 
LHR 1.04119 1.08805 1.66527 
KCH 0.82971 1.61701 1.07691 
FSD 0.94595 1.37865 0.61504 
MUL 1.59168 1.10906 0.62328 

R-PHOS 1.38098 0.71154 0.67203 
LAB-UK 0.93101 0.87029 0.78312 
R-MDA 0.42181 2.40859 1.18909 

 
a Untreated 
b Abamectin treated 
c Abamectin+PBO treated 

 
Table 34 shows the comparison between the specific activities of acid 

phosphatase of untreated and abamectin (1.8ppm) treated larvae. 

The results revealed that specific activity of acid phosphatase in the 6th instar 

larvae of some susceptible as well as one resistant strain was higher after the 

treatment of abamectin than that of untreated. A respective increase of 214.22%, 

52.02%, 4.50%, 94.89% and 45.74% was recorded in susceptible strains in DGK, 

SWL, LHR, KCH and FSD whereas 471.01% increase in R-MDA strain, respectively. 

On the other hand rest of the strains viz. MUL, R-PHOS and LAB-UK 

exhibited 30.32%, 48.48% and 6.52% decrease in specific activity of acid 

phosphatase, respectively, after the treatment of abamectin than that of untreated. 

Table 34 shows combination of increase and decrease in the specific activities 

of acid phosphatase, after the treatment with abamectin+PBO mixture when compared 

with that of untreated. 

The results revealed that most deltamethrin susceptible strains i.e. DGK, SWL, 

LHR and KCH showed significant increase of 324.36%, 178.61%, 59.94% and 

29.79%, respectively. Similarly resistant strains also exhibited an increase of 181.90% 

in R-MDA in the specific activity of acid phosphatase after the treatment with 

abamectin+PBO as compared to untreated.  
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On the other hand, only two of each susceptible and resistant strains like FSD, 

MUL, R-PHOS and LAB-UK exhibited decrease of 34.98%, 60.84%, 51.34% and 

15.89%, respectively in the specific activity levels of acid phosphatase after the 

treatment with abamectin+PBO when compared with that of untreated. 

The results obtained in both, susceptible and resistant strains when specific 

activity of acid phosphatase after the treatment of abamectin+PBO (1:2) compared 

with that of abamectin treated larvae are shown in Table 34.  

The results revealed percent increase in some deltamethrin susceptible strains 

under study like DGK, SWL and LHR exhibited increase of 35.05%, 83.28%, 

53.05%, respectively, in levels of specific activities of acid phosphatase after the 

treatment of abamectin+PBO than that of abamectin treated alone.  

Contrary, some susceptible as well as resistant strains i.e. KCH, FSD, MUL, 

R-PHOS, LAB-UK and R-MDA showed decrease in the level of specific activity of 

acid phosphatase by 33.40%, 55.39%, 43.80%, 5.55%, 10.02% and 50.63% 

respectively, after the treatment of abamectin+PBO mixture when compared with that 

of abamectin treated. 

 

 
Fig. 35. Specific activity of acid phosphatase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, abamectin and abamectin+PBO treatments    
U-T: un-treated 
Ema-T: abamectin treated 
Ema+PBO-T: abamectin+PBO treated in 1:2 
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On the basis of overall results obtained, it was concluded that PBO inhibited 

the acid phosphatase activity nonsignificantly in most resistant strains and some 

susceptible strains when mixed with abamectin in 1:2.  

 

3. 3. 12. Alkaline phosphatase 

 

Table 35 shows specific activities (IU) of alkaline phosphatase in 6th instar 

larvae of deltamethrin susceptible and resistant strains of T. castaneum before and 

after both the abamectin treatments either alone or in mixture with PBO. 

Table 35. Specific activities of alkaline phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after 
abamectin treatment 

 
Strains (U-T)a (Aba-T)b (Aba+PBO-T)c 

 
DGK 0.93655 0.530211 0.747871 
SWL 0.251356 0.580794 0.864216 
LHR 0.135807 0.912043 0.816307 
KCH 0.539308 1.041463 0.749154 
FSD 0.337838 0.965056 0.601954 
MUL 0.517296 0.912295 0.432483 

R-PHOS 0.874618 0.776226 0.64003 
LAB-UK 0.856532 0.806608 0.745828 
R-MDA 0.783366 1.204293 0.801341 

 
a Untreated 
b Abamectin treated 
c Abamectin+PBO treated 

 
When comparison was made between abamectin treatment and control, the 

results revealed that one susceptible i.e. DGK and two resistant strains i.e. R-PHOS 

and R-MDA exhibited respective decrease of 43.37%, 11.25% and 5.83% after the 

treatment of abamectin (Table 35). 

The results exhibited significant increase of 131.06%, 571.57%, 93.11%, 

185.66% and 76.36% in susceptible strains i.e. SWL, LHR, KCH, FSD and MUL, 

respectively.  

Similarly resistant strains viz. R-MDA demonstrated 53.73% increase in 

specific activity of alkaline phosphatase, respectively after the treatment of sub lethal 

dose of abamectin than that of untreated. 
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Table 35 shows increase in the specific activities of alkline phosphatase in 

four susceptible and one resistant strain, after the treatment with abamectin+PBO 

mixture in 1:2 when compared with that of untreated. 

The results revealed that susceptible strains i.e. SWL, LHR, KCH and FSD 

manifested increase of 243.82%, 501.08%, 38.91% and 78.18%, respectively, in the 

specific activities of alkaline phosphatase after the treatment with abamectin+PBO. 

Similarly, resistant strains i.e. R-MDA showed nonsignificant increase of 2.29%. 

Contrary susceptible strains like DGK, MUL and resistant strain like R-PHOS 

and LAB-UK exhibited decrease of 20.15%, 16.40%, 26.82% and 12.92%, 

respectively in the specific activity levels of alkaline phosphate after the treatment 

with abamectin+PBO when compared with that of untreated. 

Table 35 shows the results of specific activities of alkaline phosphatase after 

the treatment of abamectin+PBO (1:2) of susceptible and resistant strains when 

compared with that of abamectin treated larvae.  

The results revealed that only two deltamethrin susceptible strains i.e. DGK 

and SWL displayed an increase in the level of specific activities of alkaline 

phosphatase like 41.05% and 48.80%, respectively.  

Contrary other susceptible strains revealed 10.50%, 28.07%, 37.62% and 

52.59% respective decrease in levels of specific activities of amylase in LHR, KCH, 

FSD and MUL. Similarly, resistant strains i.e. R-PHOS, LAB-UK and R-MDA 

exhibited decrease of 17.55%, 7.54% and 33.46% after the treatment of 

abamectin+PBO in 1:2 when compared with that of abamected treated at sub lethal 

dose.  
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Fig. 36. Specific activity of alkaline phosphatase (IU/mg of protein) in 6th instar  
larvae of deltamethrin susceptible and resistant strains for un-treated, 
abamectin and abamectin+PBO treatments    
U-T: Un-treated 
Ema-T: abamectin treated 
Ema+PBO-T: abamectin+PBO treated in 1:2 
 

On the basis of the overall results, it was deduced that PBO suppressed 

nonsignificantly the activity of alkaline phosphatase in most deltamethrin susceptible 

as well as resistant strains under study when mixed with abamectin in 1:2.  

 
3. 3. 13. Acetylcholinesterase (AChE) 

 

Table 36 shows specific activities (IU) of acetylcholinesterase (AChE) in 6th 

instar larvae of deltamethrin susceptible and resistant strains of T. castaneum before 

and after both the abamectin treatments when alone or in mixture with PBO. 
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Table 36. Specific activities of acetylcholinesterase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
abamectin treatment 

 
Strains (U-T)a (Aba-T)b (Aba+PBO-T)c 

 
DGK 0.611461 3.002125 2.68893 
SWL 1.42016 3.834144 3.5246 
LHR 1.057183 3.736701 2.041632 
KCH 0.828182 4.996452 2.80417 
FSD 0.941664 4.896169 0.926657 
MUL 1.378921 1.913549 0.82409 

R-PHOS 0.589522 4.125777 1.096903 
LAB-UK 0.462898 7.371666 1.039433 
R-MDA 0.408554 40.6958 2.531542 

 
a Untreated 
b Abamectin treated 
c Abamectin+PBO treated 

 

Table 36 shows the comparison between the specific activities of 

acetylcholinesterase (AChE) of untreated and abamectin treated larvae. The results 

revealed that specific activity of AChE in 6th instar larvae of all the susceptible as well 

as resistant strains was significantly higher after the treatment. 

The results exhibited the significant increase of 390.98%, 169.98%, 253.46%, 

503.30%, 419.95% and 38.77% in all deltamethrin susceptible strains like DGK, 

SWL, LHR, KCH, FSD and MUL, respectively.  

Similarly, all resistant strains viz. R-PHOS, LAB-UK and R-MDA manifested 

very high  increase of 599.85%, 1492.50% and 9860.94%, respectively, in the specific 

activity of AChE  after the treatment of abamectin than that of untreated. 

The results of increase in specific activities of AChE after the treatment with 

abamectin+PBO mixture (1:2) when compared with that of untreated were obtained in 

deltamethrin susceptible and resistant strains (Table 36). 

The results revealed a highly significant increase of 339.75%, 148.18%, 

93.12% and 238.59% in  susceptible strains like DGK, SWL, LHR and KCH, 

respectively after the treatment of abamectin+PBO (1:2) mixture.  

Similarly the results of resistant strains also showed a highly significant 

increase of 86.07%, 124.55% and 519.63% in R-PHOS, LAB-UK and R-MDA, 

respectively in the levels of specific activities of AChE after the treatment of 

abamectin+PBO when compared with that of untreated. 
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Conversely only two susceptible strains i.e. FSD and MUL showed a percent 

decrease of 1.59 and 40.24 in the levels of specific activities of AChE after the 

treatment of abamectin+PBO (1:2) mixture when compared with that of untreated. 

The results of specific activity of AChE after the treatment of abamectin+PBO 

(1:2) when compared with that of abamectin treated larvae are shown in Table 36. 

The results revealed a significant decrease in the level of specific activities of AChE 

in both, susceptible and resistant strains. 

 Susceptible strains like DGK, SWL, LHR, KCH, FSD and MUL exhibited 

increase of 10.43%, 8.07%, 45.36%, 43.88%, 81.07 and 56.93%, respectively, in the 

level of specific activities of AChE.  

Similarly increase of 73.41%, 85.90% and 93.78% was observed in R-PHOS, 

LAB-UK and R-MDA after the treatment of abamectin+PBO (1:2) mixture when 

compared with that of abamectin treatment at sub lethal dose. 

One susceptible strain i.e. LHR and two resistant strains i.e. LAB-UK and R-

MDA showed decrease of 29.86%, 2.40% and 85.43% in specific activities of AChE 

after the treatment of abamectin+PBO mixture when compared with that of abamectin 

treatment. 

 

 
Fig. 37. Specific activity of acetylcholinesterase (IU/mg of protein) in 6th instar larvae  

of deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, abamectin and abamectin+PBO treatments    
U-T: un-treated 
Ema-T: abamectin treated 
Ema+PBO-T: abamectin+PBO treated in 1:2 
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PBO significantly inhibited the activity of acetylcholinesterase in almost all 

collected strains as well as highly resistant strains hence it was concluded that PBO 

can be used as synergist with abamectin in 1:2 for T. castaneum that have developed 

resistance against deltamethrin. 

 
3. 4. 1. Indoxacarb toxicity 

 

The toxicity of indoxacarb in terms of LC50 at 95% Fiducial limit after 48 

hours of treatment against 6th instar larvae of different resistant and deltamethrin 

susceptible strains of T. castaneum are shown in Table 37. 

The results revealed that toxicity of indoxacarb gradually increased after 48 

hours of treatment against collected deltamethrin susceptible and resistant strains i.e. 

JHG, KCH, S-MDA, VRI, R-PHOS, LAB-UK, SWL, CHT, FSD, DGK, MUL, LHR 

and R-MDA by showing LC50 as 1023.4ppm, 1150.8ppm, 1288.5ppm, 1408.7ppm, 

1439.3ppm, 1501.9ppm, 1619.5ppm, 1655.2ppm, 2475.2ppm, 2565.8ppm, 

2955.5ppm, 3074.9ppm, 3381.7ppm, respectively. No mortality was observed in 

control experiment (Table 37.).  

 
3. 4. 2. Susceptibility of S-MDA  

 

The results in Table 37 manifested the susceptibility of strains compared with 

that of S-MDA. Resistance ratios (RRb) ranging from 0.0 to 0.99 were considered 

very susceptible to indoxacarb. 

The results showed that two strains viz. JHG and KCH were found very 

susceptible to indoxacarb as compared to S-MDA by showing resistance ratios (RRb) 

of 0.79 and 0.89, respectively. JHG and KCH strains required respectively 20.57% 

and 10.69% less doses to kill the same number of larvae that was needed to kill S-

MDA strain. 

Other deltamethrin susceptible strains with resistance ratio (RRb) values 

ranging from 1.0 to 1.49 were considered susceptible to indoxacarb like VRI, R-

PHOS, LAB-UK, SWL and CHT with resistance ratio values (RRb) of 1.09, 1.12, 

1.17, 1.26 and 1.28, respectively. These strains respectively needed 9.33%, 11.70%, 

16.56%, 25.69% and 28.46% higher doses for LC50 than that for S-MDA. 

Strains exhibiting resistance ratios values (RRb) between 1.5 and 2.5 were 

considered less susceptible to indoxacarb as in FSD, DGK, MUL and LHR strains. 
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They exhibited 1.92, 1.99, 2.29 and 2.39 resistance ratios (RRb) and required 92.10%, 

99.13%, 129.38% and 138.64% more insecticide, respectively for LC50 than that for 

S-MDA strain. 

 The results of bioassays in Table 37 showed that only R-MDA strain exhibited 

resistance ratio more than 2.5 so it was considered as least susceptible to indoxacarb. 

R-MDA exhibited resistance ratio (RRb) of 2.62 and needed 162.45% more dose of 

indoxacarb for LC50 as compared to S-MDA.  

Table 37. Response (mortality) of 6th instar larvae of T. castaneum against indoxacarb 
 

Strains 
LC50 (95%FL) 

(ppm) 
Slope  
(± SE)  χ2 Df  p na RRb RRc 

 
 

DGK 
2565.8 

 (1971.0-3543.1) 
2.03 

(±0.32) 0.49 3 0.92 150 1.99 1.32 

MUL 
2955.5 

  (2588.4-3257.4) 
1.56 

(±0.29) 0.41 3 0.94 150 2.29 1.14 

VRI 
1408.7 

 (987.1-1986.3) 
1.52 

(±0.27) 0.06 3 0.99 150 1.09 2.4 

FSD 
2475.2 

  (2215.3-2621.7) 
1.35 

(±0.27) 0.56 3 0.91 150 1.92 1.37 

CHT 
1655.2 

 (1114.3-2540.5) 
1.29 

(±0.26) 0.63 3 0.88 150 1.28 2.04 

JHG 
1023.4 

 (719.4-1376.7) 
1.73 

(±0.29) 2.4 3 0.49 150 0.79 3.3 

LHR 
3074.9 

  (2899.0-3175.9) 
1.33 

(±0.27) 0.29 3 0.96 150 2.39 1.1 

SWL 
1619.5 

 (1017.6-2662.5) 
1.12 

(±0.26) 0.09 3 0.99 150 1.26 2.09 

KCH 
1150.8 

 (822.7-1550.8) 
1.72 

(±0.28) 1.15 3 0.77 150 0.89 2.94 
LAB-
UK 

1501.9 
 (984.8-2289.5) 

1.26 
(±0.26) 0.59 3 0.89 150 1.17 2.25 

R-PHOS 
1439.3 

 (814.8-2478.1) 
0.99 

(±0.25) 0.2 3 0.98 150 1.12 2.35 

S-MDA 
1288.5 

 (913.3-1772.9) 
1.62 

(±0.28) 0.96 3 0.81 150 - 2.62 

R-MDA 
3381.7 

  (3011.3-3586.9) 
1.29 

(±0.28) 1.11 3 0.77 150 2.62 - 
_____________________________________________________________________ 
a Number of larvae used in bioassay, including control 
bResistance ratio = LC50 of collected strains / LC50 of S-MDA strains 
c Resistance ratio = LC50 of R-MDA strains / LC50 of collected strains 
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3. 4. 3. Response to selection with deltamethrin 
 

The results of bioassay in Table 37 revealed that R-MDA strain was the most 

resistant against indoxacarb. Dose for LC50 of R-MDA was 230.44% more than that 

of JHG (most susceptible strain to indoxacarb) showing highest resistant ratio (RRc) 

of 3.3. Similarly, R-MDA required 193.86% more dose for LC50 when compared with 

that of KCH strain by showing resistant ratio (RRc) of 2.94. 

Deltamethrin resistant strain i.e. R-MDA required 162.45% more indoxacarb 

for LC50 as compared to that of deltametrin susceptible strain S-MDA, with resistant 

ratio (RRc) of 2.62. 

When LC50 of R-MDA was compared with that of other strains like VRI, R-

PHOS, LAB-UK, SWL, CHT, FSD, DGK and LHR, it was found that R-MDA 

needed 140.06%, 134.95%, 125.16%, 108.81%, 104.31%, 36.62%, 31.80% and 

9.98% more dose of indoxacarb along with resistant ratio (RRc) of 2.40, 2.35, 2.25, 

2.09, 2.04, 1.37, 1.32 and 1.10, respectively.  

Considering the above obtained results, it was concluded that R-MDA was the 

most resistant strain of all against indoxacarb.  

 

3. 4. 4. Effect of enzyme inhibitor (PBO) on MUL resistance 

 

The effect of piperonyl butoxide (PBO), a microsomal oxidase inhibitor, on 

the efficacy of indoxacarb was tested in different ratios against MUL strain (Fig. 33). 

Doses of indoxacarb+PBO used for determination of synergistic/antagonistic effect of 

PBO in different ratios against 6th instar larvae of MUL strain in the present study of 

T. castaneum are shown in Table 9.  

Result at 95% fiducial limit, revealed that indoxacarb was most effectively 

synergized in 1:4 with PBO. Least LC50 value of 628.3ppm was determined in 1:4 

mixture. This dose was 78.74% less as compared to the LC50 value of indoxacarb 

when it was used alone.  

LC50 values increased as 727.6ppm, 1326.1ppm and 1804.8ppm in ratios 1:8, 

1:2 and 1:1, respectively which were 75.38%, 55.13% and 38.93% less than that of 

indoxacarb alone. 

It can be deduced that PBO gave a synergistic effect in almost all the tested 

ratios against MUL strain but highest efficacy was obtained in 1:4.  
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Fig. 38. Response of 6th instar larvae of MUL strain of T. castaneum against  

 different ratios of indoxacarb+PBO   
 
3. 4. 5. Effect of enzyme inhibitor (PBO) on LHR resistance 

 

The results of Fig. 34 exhibited the effect of enzyme inhibitor, PBO on the 

efficacy of indoxacarb against LHR strain. Mixture of indoxacarb+PBO in 1:4 was 

found to be the most effective by displaying least LC50 value of 648.3ppm. This 

concentration was 78.92% less than that of indoxacarb alone. 

Synergistic effects were also observed in 1:2, 1:8 and 1:1 ratios where LC50 

were found 73.28%, 56.49% and 42.52% less to kill the 50% of the test larvae as 

compared with that of indoxacarb alone by exhibiting values of 821.5ppm, 

1338.0ppm and 1767.3ppm respectively. 

From the results obtained, it was concluded that indoxacarb mixed in 1:4 with 

PBO produced the most synergistic effect for LHR strain.  
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Fig. 39. Response of 6th instar larvae of LHR strain of T. castaneum against different  
  ratios of indoxacarb+PBO   
 
3. 4. 6. Effect of enzyme inhibitor (PBO) on FSD resistance 

 

The bioassay results for indoxacarb+PBO mixtures in ratios of 1:1, 1:2, 1:4 

and 1:8 are shown in Fig. 35. Concentrations of both the chemicals of mixture for the 

treatments remained same as were described in Table 9.  

Results at 95% fiducial limits, revealed that least LC50 value of 

indoxacarb+PBO was 628.9ppm when used in 1:4 ratio. This concentration was found 

74.59% less as compared to the LC50 value of indoxacarb when it was used alone. 

The results also revealed that LC50 values increased gradually as 1333.9ppm, 

1359.6ppm and 2332.8ppm in synergistic ratios i.e. 1:8, 1:2 and 1:1, respectively. 

These concentrations were found 46.11%, 45.07% and 5.75% less, respectively than 

that of indoxacarb alone.  

On the basis of results obtained, it was deduced that indoxacarb was 

synergized the most when it was mixed with PBO in 1:4. 
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Fig. 40. Response of 6th instar larvae of FSD strain of T. castaneum against  

different ratios of indoxacarb+PBO   
 
3. 4. 7. Effect of enzyme inhibitor (PBO) on R-MDA resistance 

 

Doses of indoxacarb+PBO used for determination of synergistic/antagonistic 

effect of PBO in different ratios against 6th instar larvae of R-MDA strain are shown 

in Table 9. The results in Fig. 36 manifested the synergistic effect of enzyme 

inhibitor, PBO on the efficacy of indoxacarb against R-MDA strain at 95% fiducial 

limit.  

The least value of LC50, 798.8ppm was observed in the ratio of 1:4 that was 

76.38% less than that of indoxacarb alone. Other mixtures in ratios like 1:1, 1:2 and 

1:8 also produced a synergistic effect by exhibiting LC50 values as 1364.2ppm, 

1637.3ppm and 1712.2ppm that are 44.89%, 33.85% and 30.83% less, respectively as 

compared to that of indoxacarb alone. 

On the basis of results obtained, it was concluded that PBO synergized 

indoxacarb in 1:4 the most.  
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Fig. 41. Response of 6th instar larvae of R-MDA strain of T. castaneum against 

 different ratios of indoxacarb+PBO 
 

 

The overall results of bioassay revealed that indoxacarb+PBO mixture was 

more effective as compared to indoxacarb alone. It can be concluded that synergistic 

ratio of 1:4 was found most effective ratio against the deltamethrin susceptible and 

deltamethrin resistant strains under study.   

 

3. 4. 8. Total protein 

 

Total protein content (mg) was recorded in 6th instar larvae of several 

deltamethrin susceptible as well as resistant strains of untreated, indoxacarb (900ppm) 

treated and indoxacarb+PBO (1:4) treatment (Table 38).  
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Table 38. Total protein (mg) in 6th instar larvae of susceptible and resistant strains of  

T. castaneum before and after indoxacarb treatment 
 

Strains (U-T)a (Ind-T)b (Ind+PBO-T)c 
 

DGK 0.04372 0.03392 0.02852 
SWL 0.02172 0.03512 0.02192 
LHR 0.02412 0.02852 0.01672 
KCH 0.02632 0.02212 0.02512 
FSD 0.03232 0.02992 0.04092 
MUL 0.01372 0.02772 0.04332 

R-PHOS 0.02372 0.01252 0.03052 
LAB-UK 0.02932 0.02292 0.03472 
R-MDA 0.01812 0.01012 0.02192 

 
a Untreated 
b Indoxacarb treated 
c Indoxacarb+PBO treated 
 

The total protein content in 6th istar larvae before and after the treatments of 

susceptible and resistant strains is shown in Table 38. The results revealed that in 

three susceptible strains such as SWL, LHR and MUL, the total protein content was 

61.69%, 18.24% and 102.04% increased, respectively after the treatment of sub-lethal 

(900ppm) of indoxacarb.   

Contrary other deltamethrin susceptible strains; DGK, KCH and FSD showed 

22.42%, 15.96% and 7.43% respective decrease in total protein content after the 

treatment of indoxacarb (900ppm) than that of untreated. In case of resistant strains, 

R-PHOS, LAB-UK and R-MDA decrease of 47.22%, 21.83% and 44.15% was 

recorded after the sub lethal treatment of indoxacarb when compared with that of 

untreated.  

When comparing the total protein content in untreated with that of 

indoxacarb+PBO treated in the ratio 1:4 (Table 38), deltamethrin susceptible strains; 

SWL,  FSD and MUL exhibited an increase of 0.92%, 26.61% and 215.74%, 

respectively after the treatment of indoxacarb+PBO. Similarly resistant strains like R-

PHOS, LAB-UK and R-MDA showed increase of 28.67%, 18.42% and 20.97%, 

respectively after the treatment of indoxacarb+PBO (1:4) mixture than that of control.  
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On the other hand there was 34.77%, 30.68% and 4.56% decrease in three 

deltamethrin susceptible strains like DGK, LHR and KCH, respectively after the 

treatment of indoxacarb+PBO than that of untreated. 

Table 38 revealed the comparative results of total protein content in 

susceptible and resistant strains after both the treatments i.e. indoxacarb (900ppm) 

and indoxacarb+PBO (1:4). 

The results revealed increase in total protein contents of 13.56%, 36.76% and 

56.28% in KCH, FSD and MUL deltamethrin susceptible strains after the treatment of 

indoxacarb+PBO mixture when compared with that of individual indoxacarb 

treatment. Similarly, R-PHOS, LAB-UK and R-MDA also exhibited 143.77%, 

51.48% and 116.60% increase in the total protein contents after the treatment of 

indoxacarb+PBO (1:4) when compared with the total protein contents of the same 

strains treated with indoxacarb. 

In contrast a decrease of 15.92%, 37.59% and 41.37% was recorded in 

deltamethrin susceptible strains i.e. DGK, SWL and LHR, respectively when 

compared with that of indoxacarb treated at sub lethal dose (900ppm). 

 

 
Fig. 42. Total protein (mg) in 6th instar larvae of deltamethrin susceptible and resistant 

strains of T. castaneum for un-treated, indoxacarb and indoxacarb+PBO (1:4)  
treatments    

 U-T: un-treated 
Ind-T: indoxacarb treated 
Ind+PBO-T: indoxacarb+PBO treated in 1:4 
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3. 4. 9. Catalase 
 

Table 39 shows specific activities (IU) of catalase in 6th instar larvae of deltamethrin 

susceptible and resistant strains of T. castaneum before and after both the indoxacarb 

treatments either alone or in mixture with PBO. 

Table 39. Specific activities of catalase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after indoxacarb 
treatment 

 
Strains (U-T)a (Ind-T)b (Ind+PBO-T)c 

 

DGK 445.329 18135.9 4332.33 
SWL 758.491 9914.84 3945.74 
LHR 931.39 30116.3 7143.51 
KCH 4040.08 15217.1 3934.97 
FSD 1204.81 14741.5 2516.25 
MUL 1309.92 14655.3 1901.48 

R-PHOS 3220.13 38010.1 2564.01 
LAB-UK 2911.58 19750.1 2846.96 
R-MDA 5951.02 71109.9 3006.28 

 
a Untreated 
b Indoxacarb treated 
c Indoxacarb+PBO treated 

 

Table 39 shows the comparison between the specific activities of catalase of 

untreated and indoxacarb treated larvae. The results revealed that specific activity of 

catalase in the 6th instar larvae of all the susceptible as well as resistant strains was 

significantly higher after the treatment than that of control.  

The results exhibited increase of 3972.48%, 1207.18%, 3133.48%, 276.65%, 

1123.55% and 1018.79%, in DGK, SWL, LHR, KCH, FSD and MUL strains, 

respectively, after the treatment of indoxacarb when compared with that of untreated. 

Resistant strains like R-PHOS, LAB-UK and R-MDA showed 1080.39%, 

578.33% and 1094.92% increase, respectively, after the treatment of indoxacarb than 

that of untreated. 

On the basis of the results obtained, it was deduced that indoxacarb (900ppm) 

treatment drastically elevated the activity of catalase in  T. castaneum.    
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Most of deltamethrin susceptible strains showed significant percent increase in 

specific activities of catalase after the treatment with indoxacarb+PBO mixture (Table 

39).  

The results revealed that DGK, SWL, LHR and FSD exhibited a highly 

significant increase 872.84%, 420.21%, 666.97%, and 108.85%, respectively. One 

susceptible strain like MUL showed comparatively less increase of 45.16% in specific 

activity of catalase after the treatment of indoxacarb+PBO when compared with that 

of untreated. 

Contrary the results of one susceptible and resistant strains showed decrease of 

2.60%, 20.38%, 2.22% and 49.48% in KCH, R-PHOS, LAB-UK and R-MDA, 

respectively in the levels of specific activities of catalase after the treatment of 

indoxacarb+PBO when compared with that of untreated. 

Table 39 shows the changes in specific activities of catalase obtained in both, 

susceptible and resistant strains after the treatments of indoxacarb+PBO (1:4) when 

compared with that of indoxacarb treated larvae.  

The results revealed 76.11%, 60.20%, 76.28%, 74.14%, 82.93%, and 87.03% 

significant decrease in levels of specific activities of catalase in all deltamethrin 

susceptible strains i.e. DGK, SWL, LHR, KCH, FSD and MUL, respectively after the 

treatments of indoxacarb+PBO (1:4) when compared with that of indoxacarb treated 

larvae.  

Likewise a highly significant decrease of 93.25%, 85.59% and 95.77% in 

specific activities of catalase was also recorded in resistant strains i.e. R-PHOS, LAB-

UK and R-MDA, respectively.  
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Fig. 43. Specific activity of catalase (IU/mg of protein) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum for un-treated, 
indoxacarb and indoxacarb+PBO treatments    
U-T: un-treated 
Ind-T: indoxacarb treated 
Ind+PBO-T: indoxacarb+PBO treated in 1:4 
 

On the basis of above mentioned results it was concluded that PBO worked 

significantly as catalase inhibitor when mixed with indoxacarb in 1:4 in both 

deltamethrin susceptible strains and of resistant strains of T. castaneum. 

 
3. 4. 10. Amylase   

 

Table 40 shows specific activities (IU) of amylase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the indoxacarb treatments whether used alone or in mixture with PBO. 
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Table 40. Specific activities of amylase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after indoxacarb 
 treatment 

 
Strains (U-T)a (Ind-T)b (Ind+PBO-T)c 

 

DGK 6.28578 3.11609 6.26066 
SWL 9.76753 3.36433 5.18363 
LHR 10.4546 3.86493 4.78639 
KCH 11.101 5.40981 6.58207 
FSD 9.12196 6.7878 33.0168 
MUL 16.8386 5.67873 4.36574 

R-PHOS 17.9993 8.50263 3.33955 
LAB-UK 14.4199 4.97394 4.03369 
R-MDA 23.7287 12.6453 6.11359 

 
a Untreated 
b Indoxacarb treated 
c Indoxacarb+PBO treated 

 

Table 40 shows the comparison between the specific activities of amylase of 

untreated and indoxacarb treated larvae. The results revealed that specific activity of 

amylase in 6th instar larvae of deltamethrin susceptible as well as resistant strains was 

decreased significantly after the treatment with indoxacarb (900ppm). 

The results exhibited significant decrease of 50.43%, 65.56%, 63.03%, 

51.27%, 25.59% and 66.28%, in all susceptible strains such as DGK, SWL, LHR, 

KCH, FSD and MUL, respectively.  

Similarly, resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 

52.76%, 65.51% and 46.71% decrease in specific activity of amylase, respectively, 

after the treatment of indoxacarb than that of untreated. 

Table 40 shows the results of changes in specific activities of amylase after the 

treatment with indoxacarb+PBO mixture when compared with that of untreated in all 

deltamethrin susceptible and resistant strains. 

The results revealed a highly significant increase of 261.95% in FSD strain 

whereas DGK, SWL, LHR, KCH, FSD and MUL strains exhibited a significant 

decrease in amylase activities by 0.40%, 46.93%, 54.22%, 40.71% and 74.07%, 

respectively. 

The results of resistant strains also showed a highly significant decrease of 

81.44%, 72.03% and 74.24% in R-PHOS, LAB-UK and R-MDA strains, respectively 
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in the amylase activities after the treatment of indoxacarb+PBO when compared with 

that of untreated. 

On the basis of obtained results, it was concluded that PBO suppressed the 

amylase activity in susceptible as well as resistant strains of T. castaneum as 

compared to control.  

The results obtained in both, susceptible and resistant strains for specific 

activity of amylase after the treatment of indoxacarb+PBO (1:4) compared with that 

of indoxacarb treated larvae are shown in Table 40.  

Some susceptible strains showed increase in the level of specific activities of 

amylase. LHR, KCH and FSD exhibited 23.84%, 21.67% and 386.41% increase, 

respectively in amylase activity after the treatment of indoxacarb+PBO mixture when 

compared with that of indoxacarb treatment. 

In contrast one susceptible and all resistant strains revealed 23.12%, 60.72%, 

18.90% and 51.65% decrease in the levels of specific activities of amylase in MUL, 

R-PHOS, LAB-UK and R-MDA strains respectively.  

On the basis of above findings it was concluded that PBO showed the best 

results as amylase inhibitor against resistant strains while in case of susceptible strains 

of T. castaneum it did not work as amylase inhibitor.  

 

 
Fig. 44. Specific activity of amylase (IU/mg of protein) in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum for un-treated, 
indoxacarb and indoxacarb+PBO treatments    
U-T: un-treated 
Ind-T: indoxacarb treated 
Ind+PBO-T: indoxacarb+PBO treated in 1:4 
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On basis of the overall results obtained for amylase activity, it was concluded 

that PBO significantly inhibited amylase activity in highly resistant strains against 

deltamethrin. It remained ineffective as amylase inhibitor in susceptible strains.  

 
3. 4. 11. Acid phosphatase 

 

Table 41 shows specific activities (IU) of acid phosphatase in 6th instar larvae 

of deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the indoxacarb treatments either used alone or in mixture with PBO. 

Table 41. Specific activities of acid phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
indoxacarb treatment 

 
Strains (U-T)a (Ind-T)b (Ind+PBO-T)c 

 

DGK 0.21229 0.61161 0.95713 
SWL 0.50271 0.71508 1.04606 
LHR 1.04119 1.24427 1.95914 
KCH 0.82971 1.72768 1.06494 
FSD 0.94595 0.96708 0.66709 
MUL 1.59168 0.96506 0.55452 

R-PHOS 1.38098 1.78784 0.67975 
LAB-UK 0.93101 0.95279 0.94345 
R-MDA 0.42181 2.48157 1.07097 

 
a Untreated 
b Indoxacarb treated 
c Indoxacarb+PBO treated 

 

Table 41 shows the comparison between the specific activities of acid 

phosphatase of untreated and indoxacarb (900ppm) treated larvae. 

The results revealed that specific activity of acid phosphatase in the 6th instar 

larvae of some susceptible as well as one resistant strains was higher after the 

treatment of indoxacarb than that of untreated. Percentage increase of 188.11%, 

42.24%, 19.50%, 108.23% and 2.23% was recorded in susceptible strains of DGK, 

SWL, LHR, KCH and FSD, respectively. 

Likewise, R-PHOS, LAB-UK and R-MDA strains exhibited increase of 

29.46%, 2.34% and 488.31%, respectively after the treatment of indoxacarb as 

compared to that of untreated. 
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On the other hand MUL strain exhibited 39.37% depletion in specific activity 

of acid phosphatase after the treatment of indoxacarb than that of untreated. 

Table 41 shows combination of increase and decrease in the specific activities 

of acid phosphatase, after the treatment with indoxacarb+PBO mixture when 

compared with that of untreated. 

The results revealed that most deltamethrin susceptible strains i.e. DGK, SWL, 

LHR and KCH showed significant elevation of 350.87%, 108.08%, 88.16% and 

28.35%, respectively. Similarly resistant strains also exhibited an increase of 1.34% 

and 153.90% in LAB-UK and R-MDA, respectively in the specific activity of acid 

phosphatase after the treatment with indoxacarb+PBO as compared to untreated.  

On the other hand, susceptible and resistant strains such as FSD, MUL, R-

PHOS exhibited a decrease of 29.48%, 65.16% and 50.78%, respectively in the 

specific activity levels of acid phosphatase after the treatment with indoxacarb+PBO 

when compared with that of untreated. 

Table 41 displays the results obtained in both, susceptible and resistant strains 

when acid phosphatase activity after the treatment of indoxacarb+PBO (1:4) was 

compared with that of indoxacarb treated larvae. 

The results revealed percent increase in some deltamethrin susceptible strains 

under study. DGK, SWL and LHR exhibited increase of 56.49%, 46.29% and 

57.45%, respectively, in levels of specific activities of acid phosphatase after the 

treatment of indoxacarb+PBO than that of indoxacarb treated alone.  

Contrary, some susceptible as well as resistant strains i.e. KCH, FSD, MUL, 

R-PHOS, LAB-UK and R-MDA showed decrease in acid phosphatase activities by 

38.36%, 31.02%, 42.54%, 61.98%, 0.98% and 56.84% after the treatment of 

indoxacarb+PBO mixture when compared with that of indoxacarb treatment.  
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Fig. 45. Specific activity of acid phosphatase (IU/mg of protein) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum for un-treated, 
indoxacarb and indoxacarb+PBO treatments    
U-T: un-treated 
Ind-T: indoxacarb treated 
Ind+PBO-T: indoxacarb+PBO treated in 1:4 
 

On the basis of overall results obtained, it was concluded that PBO depleted 

the acid phosphatase activity in most of the resistant and some susceptible strains 

when mixed with indoxacarb in 1:4. 

 

3. 4. 12. Alkaline phosphatase 

 

Table 42 shows specific activities (IU) of alkaline phosphatase in 6th instar 

larvae of deltamethrin susceptible and resistant strains of T. castaneum before and 

after both the indoxacarb treatments whether used alone or in mixture with PBO. 
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Table 42. Specific activities of alkaline phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after 
indoxacarb treatment 

 
Strains (U-T)a (Ind-T)b (Ind+PBO-T)c 

 

DGK 0.93655 0.74037 0.66999 
SWL 0.25136 0.59072 0.74719 
LHR 0.13581 0.86142 1.30609 
KCH 0.53931 0.96256 0.97801 
FSD 0.33784 0.91234 0.69377 
MUL 0.5173 0.82719 0.64273 

R-PHOS 0.87462 1.22097 0.84074 
LAB-UK 0.85653 1.11952 0.86483 
R-MDA 0.78337 1.18684 0.69738 

 
a Untreated 
b Indoxacarb treated 
c Indoxacarb+PBO treated 

 
When comparison was made between indoxacarb treatment and control, the 

results revealed that one susceptible strain i.e. DGK exhibited decrease of 20.95% 

after the treatment of indoxacarb (Table 42). 

The results exhibited significant increase of 135.01%, 534.29%, 78.48%, 

170.05% and 59.91% in susceptible strains like SWL, LHR, KCH, FSD and MUL, 

respectively.  

Resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 39.60%, 

30.70% and 51.51% increase in specific activity of alkaline phosphatase, respectively 

after the treatment of sub lethal dose of indoxacarb than that of untreated. 

Table 42 shows increase in the specific activities of alkline phosphatase in five 

susceptible and one resistant strain, after the treatment with indoxacarb+PBO mixture 

(1:4) when compared with that of untreated. 

The results revealed that susceptible strains i.e. SWL, LHR, KCH, FSD and 

MUL showed increase of 197.26%, 861.73%, 81.35%, 105.36% and 24.25%, 

respectively, in the specific activities of alkaline phosphatase after the treatment with 

indoxacarb+PBO. Similarly, resistant strains i.e. LAB-UK showed non significant 

percent increase of 0.97. 

Contrary susceptible strains like DGK and resistant strain like R-PHOS and R-

MDA exhibited decrease of 28.46%, 3.87% and 10.98%, respectively in the specific 
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activity levels of alkaline phosphate after the treatment with indoxacarb+PBO when 

compared with that of untreated. 

Table 42 shows the results of specific activities of alkaline phosphatase after 

the treatment of indoxacarb+PBO (1:4) of susceptible and resistant strains when 

compared with that of indoxacarb treated larvae.  

The results revealed that three deltamethrin susceptible strains i.e. SWL, LHR 

and KCH showed an increase in the level of specific activities of alkaline phosphatase 

by 26.49%, 51.62% and 1.60%, respectively.  

Conversly other susceptible strains revealed 9.51%, 23.96%, and 22.30% 

respective decrease in levels of specific activities of amylase in DGK, FSD and MUL. 

Similarly, resistant strains i.e. R-PHOS, LAB-UK and R-MDA exhibited decrease of 

31.14%, 22.75% and 41.24% after the treatment of indoxacarb+PBO in 1:4 when 

compared with that of indoxacarb treatment at sub lethal dose.  

 

 

Fig. 46. Specific activity of alkaline phosphatase (IU/mg of protein) in 6th instar  
larvae of deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, indoxacarb and indoxacarb+PBO treatments    
U-T: un-treated 
Ind-T: indoxacarb treated 
Ind+PBO-T: indoxacarb+PBO treated in 1:4 
 

On the basis of overall results, it was deduced that PBO suppressed alkaline 

phosphatase activity in the most deltamethrin susceptible as well as resistant strains 

under study when mixed with indoxacarb in 1:4.  
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3. 4. 13. Acetylcholinesterase (AChE) 
 

Table 43 shows specific activities (IU) of acetylcholinesterase (AChE) in 6th 

instar larvae of deltamethrin susceptible and resistant strains of T. castaneum before 

and after indoxacarb treatments either used alone or in mixture with PBO. 

Table 43. Specific activities of acetylcholinesterase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
indoxacarb treatment 

 
Strains (U-T)a (Ind-T)b (Ind+PBO-T)c 

 

DGK 0.61146 3.24949 2.06216 
SWL 1.42016 3.36096 3.75254 
LHR 1.05718 3.6917 2.04163 
KCH 0.82818 5.03872 2.40676 
FSD 0.94166 4.11003 0.91462 
MUL 1.37892 2.40357 0.84496 

R-PHOS 0.58952 5.38735 1.30714 
LAB-UK 0.4629 6.42398 1.17271 
R-MDA 0.40855 31.618 2.25152 

 
a Untreated 
b Indoxacarb treated 
c Indoxacarb+PBO treated 

 

Table 43 shows the comparison between the specific activities of 

acetylcholinesterase (AChE) of untreated and indoxacarb treated larvae. The results 

revealed that specific activity of AChE in 6th instar larvae of all the susceptible and 

resistant strains was found significantly raised after the treatment. 

The results exhibited the significant increase of 431.43%, 136.66%, 249.20%, 

508.41%, 336.46% and 74.31% in all deltamethrin susceptible strains DGK, SWL, 

LHR, KCH, FSD and MUL, respectively.  

Likewise, all resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 

very high increase of 813.85%, 1287.77% and 7639.0%, respectively in the specific 

activity of AChE after the treatment of indoxacarb than that of untreated. 
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 The results showing increase in AChE activities after the treatment with 

indoxacarb+PBO mixture (1:4) when compared with that of untreated were obtained 

in deltamethrin susceptible and resistant strains (Table 43). 

The results revealed a highly significant increase of 237.25%, 164.23%, 

93.12% and 190.61% in susceptible strains like DGK, SWL, LHR and KCH, 

respectively after the treatment of indoxacarb+PBO (1:4) mixture.  

Similarly the results of resistant strains also showed a highly significant 

increase of 121.73%, 153.34% and 451.10% in R-PHOS, LAB-UK and R-MDA, 

respectively in the levels of specific activities of AChE after the treatment of 

indoxacarb+PBO when compared with that of untreated. 

On the other hand only two susceptible strains i.e. FSD and MUL showed a 

percent decrease of 2.87% and 38.72% in AChE activities after the treatment of 

indoxacarb+PBO (1:4) mixture when compared with untreated larvae. 

The results AChE activity after the treatment of indoxacarb+PBO (1:4) when 

compared with that of indoxacarb treated larvae are shown in Table 43. The results 

demonstrated a significant decrease in the level of specific activities of AChE in both, 

susceptible and resistant strains. 

One susceptible strain i.e. SWL exhibited an increase of 11.65% in the level of 

specific activities of AChE after the treatment of indoxacarb+PBO in 1:4.  

 Contrary susceptible strains like DGK, LHR, KCH, FSD and MUL exhibited 

depletion of 36.54%, 44.70%, 52.23%, 77.75% and 64.85%, respectively, in the level 

of specific activities of AChE.  

Similarly decrease of 75.74%, 81.74% and 92.88% was observed in R-PHOS, 

LAB-UK and R-MDA strains after the treatment of indoxacarb+PBO (1:4) mixture 

when compared with that of indoxacarb treatment at sublethal dose level. 
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Fig. 47. Specific activity of acetylcholinesterase (IU/mg of protein) in 6th instar larvae  
of deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, indoxacarb and indoxacarb+PBO treatments    
U-T: un-treated 
Ind-T: indoxacarb treated 
Ind+PBO-T: indoxacarb+PBO treated in 1:4 
 

PBO significantly depleted the activity of acetylcholinesterase in almost all 

collected susceptible strains from the fields as well as highly resistant strains. Hence it 

was concluded that PBO can be used as synergist with indoxacarb in 1:4 for T. 

castaneum that have developed resistance against deltamethrin. 

 
3. 5. 1. Lufenuron toxicity 

 

Table 44 shows the results of relative toxicity (LC50) at 95% Fiducial limit of 

6th instar larvae of different resistant and susceptible strains as well as susceptible 

collected strains of T. castaneum after 48 hr of treatment. 

The toxicity of lufenuron after 48 hours of treatment against the susceptible 

strains i.e. DGK, SWL, LHR, KCH, VRI, JHG, MUL, CHT and FSD were 

105.02ppm, 139.18ppm, 145.01ppm, 156.21ppm, 158.83ppm, 206.33ppm, 

255.87ppm, 258.42ppm and 353.63ppm, respectively.  

Deltamethrin susceptible S-MDA strain, exhibited 137.48ppm toxicity against 

lufenuron after 48 hr of treatment. 

Other resistant strains like LAB-UK, R-PHOS and R-MDA revealed LC50 

values of 289.45ppm, 319.33ppm and 478.42ppm, respectively. No mortality was 

observed in control experiment. 
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3. 5. 2. Susceptibility of S-MDA  
 

The strains with resistance ratio (RRb) values ranging from 0.01 to 1.00 were 

considered very susceptible to lufenuron. The results in Table 44 revealed that only 

one susceptible strain i.e. DGK was found very susceptible to lufenuron as compared 

to S-MDA. DGK strain showed highest susceptibility against lufenuron with lowest 

resistance ratio (RRb) of 0.76 and required 23.61% less dose to kill the same number 

of larvae that was needed to kill S-MDA strain. 

The strains with resistance ratio (RRb) ranging from 1.01 to 1.49 were 

considered susceptible to lufenuron. Susceptible strains like SWL, LHR, KCH and 

VRI were susceptible to lufenuron by exhibiting resistance ratios of (RRb) 1.01, 1.05, 

1.14 and 1.15, respectively and needed 1.24%, 5.48%, 13.62% and 15.53% more dose 

for LC50 than that for S-MDA.  

Strains exhibiting resistance ratio values between 1.50 and 2.50 were 

considered less susceptible to lufenuron like JHG, MUL, CHT, LAB-UK and R-

PHOS strains. They exhibited 1.5, 1.86, 1.88, 2.11 and 2.32 resistance ratios (RRb) 

and required 50.08%, 86.11%, 87.97%, 110.54% and 132.27% more insecticide 

respectively for LC50 than that for S-MDA strain. 

The strains with resistance ratio (RRb) more than 2.50 were considered least 

susceptible to lufenuron. Two strains i.e. FSD and R-MDA exhibited resistance ratio 

(RRb) like 2.57 and 3.48 so were considered least susceptible to lufenuron. They 

needed 157.22% and 247.99% more doses of lufenuron, respectively, for LC50 as 

compared to that of S-MDA 
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Table 44. Response (mortality) of 6th instar larvae of T. castaneum against lufenuron 
 

Strains LC50 (95%FL) (ppm) Slope (± SE)  χ2 df  P na RRb RRc 
 

DGK 
105.02 

 (74.0-133.6) 
2.655 

(±0.47) 1.66 3 0.64 150 0.76 4.56 

MUL 
255.87 

  (222.2-287.5) 
2.262 

(±0.32) 0.88 3 0.83 150 1.86 1.87 

VRI 
158.83 

 (123.3-195.4) 
3.059 

(±0.50) 2.15 3 0.54 150 1.15 3.01 

FSD 
353.63 

  (302.4-387.6) 
2.021 

(±0.31) 0.85 3 0.84 150 2.57 1.35 

CHT 
258.42 

 (188.1-348.5) 
1.751 

(±0.29) 1.83 3 0.61 150 1.88 1.85 

JHG 
206.33 

 (146.5-275.8) 
1.779 

(±0.29) 2.23 3 0.53 150 1.5 2.32 

LHR 
145.01 

  (123.6-162.4) 
2.576 

(±0.44) 2.6 3 0.46 150 1.05 3.3 

SWL 
139.18 

 (102.9-176.6) 
2.445 

(±0.39) 1.19 3 0.76 150 1.01 3.43 

KCH 
156.21 

 (110.6-204.5) 
2.020 

(±0.32) 0.73 3 0.87 150 1.14 3.06 
LAB-
UK 

289.45 
 (200.3-415.9) 

1.453 
(±0.27) 1.46 3 0.69 150 2.11 1.65 

R-
PHOS 

319.33 
 (228.8-450.6) 

1.572 
(±0.28) 1.26 3 0.74 150 2.32 1.5 

S-
MDA 

137.48 
 (99.3-178.7) 

2.063 
(±0.33) 2.64 3 0.45 150 - 3.48 

R-
MDA 

478.42 
 (412.2-543.3) 

1.649 
(±0.29) 1.34 3 0.72 150 3.48 - 

_____________________________________________________________________ 
a Number of larvae used in bioassay, including control 
bResistance ratio = LC50 of collected strains / LC50 of S-MDA strains 
c Resistance ratio = LC50 of R-MDA strains / LC50 of collected strains 
 
 
3. 5. 3. Response to selection with deltamethrin 

 

The results of bioassay in Table 44 revealed that R-MDA strain was the most 

resistant against lufenuron. Dose for LC50 of R-MDA was 355.55% more than that of 

DGK, the most susceptible strain to lufenuron, along with highest resistant ratio (RRc) 

of 4.56. 

The results revealed that R-MDA strain required 247.99% more insecticide to 

kill the 50% of the larvae as compared to that of S-MDA strain with resistant ratio 

(RRc) of 3.48.  
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Comparing the dose of LC50 for R-MDA with that of SWL, LHR, KCH and 

VRI, it was found that R-MDA needed 243.74%, 229.92%, 206.27%, 201.22%,  more 

insecticide, respectively, along with 3.43, 3.30, 3.06 and 3.01 resistance ratios (RRc) 

respectively. The results revealed that these strains were comparatively less resistant 

to lufenuron.  

On the other hand R-MDA required respectively 131.87%, 86.98%, 85.13%, 

65.29%, 49.82% and 35.29% more doses of lufenuron as compared to that of JHG, 

MUL, CHT, LAB-UK, R-PHOS and FSD with comparatively less resistant ratios 

(RRc) like 2.32, 1.87, 1.85, 1.65, 1.5 and 1.35. These strains were considered resistant 

to lufenuron.  

 
3. 5. 4. Effect of enzyme inhibitor (PBO) on MUL resistance 

 

The effect of microsomal oxidase inhibitor, PBO on the efficacy of lufenuron 

was tested in different ratios against MUL strain (Fig. 43). Doses of lufenuron+PBO 

used for determination of synergistic/antagonistic effect of PBO in different ratios 

against 6th instar larvae of MUL strain in present study of T. castaneum are shown in 

Table 10.  

The results at 95% fiducial limit, revealed that lufenuron was most effectively 

synergized in 1:4 with PBO. Least LC50 value of 43.1ppm was determined in 1:4 

mixture that was 83.16% less as compared to the LC50 value of lufenuron when it was 

used alone. LC50 values increased as 74.8ppm, 179.5ppm and 207.5ppm in 1:2, 1:1 

and 1:8 ratios, respectively which were 70.77%, 29.85% and 18.90% less than that of 

lufenuron alone, hence produced synergistic effect.  
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Fig. 48. Response of 6th instar larvae of MUL strain of T. castaneum against  
 different ratios of lufenuron+PBO   

 
3. 5. 5. Effect of enzyme inhibitor (PBO) on LHR resistance 

 

The results of Fig. 44 revealed the effect of enzyme inhibitor, PBO on the 

efficacy of lufenuron against LHR strain. Mixture of lufenuron+PBO in 1:4 ratio, was 

found most effective by exhibiting least LC50 value of 24.9ppm. This concentration 

was 82.83% less than that of lufenuron alone. 

Synergistic effects were also observed in 1:2 and 1:1 ratios where LC50 were 

found 66.62% and 27.59% less by exhibiting LC50 values of 48.4ppm and 105.0ppm, 

respectively. 

On the other hand antagonistic effect was observed in 1:8 ratio where LC50 

was found 14.34% more by exhibiting LC50 value of 165.8ppm.  
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Fig. 49. Response of 6th instar larvae of LHR strain of T. castaneum against  

different ratios of lufenuron+PBO   
 
 
3. 5. 6. Effect of enzyme inhibitor (PBO) on FSD resistance 
 
 

The bioassay results for lufenuron+PBO mixtures in 1:1, 1:2, 1:4 and 1:8 

ratios are shown in Fig. 45. Concentrations of both the chemicals of mixture for the 

treatment remained the same as were described in Table 10.  

The result at 95% fiducial limit, revealed that LC50 of lufenuron+PBO was 

60.9ppm when used in 1:4 ratio. This concentration was found 82.78% less as 

compared to the LC50 value of lufenuron when it was used alone. 

The results also revealed that LC50 values increased as 84.6ppm, 102.9ppm 

and 129.3ppm in synergistic ratios of 1:2, 1:1 and 1:8, respectively. These 

concentrations were found 76.08%, 70.90% and 63.44% less, respectively than that of 

lufenuron alone.  
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Fig. 50. Response of 6th instar larvae of FSD strain of T. castaneum against  

different ratios of lufenuron+PBO   
 
 
3. 5. 7. Effect of enzyme inhibitor (PBO) on R-MDA resistance 

 

Doses of lufenuron+PBO used for determination of synergistic effect of PBO 

in different ratios against 6th instar larvae of R-MDA strain are shown in Table 10. 

The results in Fig. 46 revealed the synergistic effect of enzyme inhibitor, PBO on the 

efficacy of lufenuron against R-MDA strain at 95% fiducial limit. 

Least value of LC50, 24.53ppm was again observed in 1:4 ratio that was 

94.87% less than that of lufenuron alone. Other mixtures in 1:2, 1:8 and 1:1 ratios also 

produced a synergistic effect by exhibiting LC50 values as 106.8ppm, 179.4ppm and 

224.2ppm that were 77.68%, 62.51% and 53.14% less, respectively as compared to 

that of lufenuron alone.  
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Fig. 51. Response of 6th instar larvae of R-MDA strain of T. castaneum against 

different ratios of lufenuron+PBO 
  

The results of bioassay revealed that lufenuron+PBO mixture was 

comparatively more effective as compared to lufenuron alone. It was concluded that 

synergistic ratio of 1:4 was found to be the most effective ratio against the 

deltamethrin susceptible and resistant strains under study.   

 
3. 5. 8. Total protein 
 
 
 Total protein content (mg) was recorded in 6th instar larvae of several 

deltamethrin susceptible as well as resistant strains of untreated, lufenuron (100ppm) 

treated and lufenuron+PBO (1:4) treatment (Table 45).  
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Table 45. Total protein (mg) in 6th instar larvae of susceptible and resistant strains of  
T. castaneum before and after lufenuron treatment  

 
Strains (U-T)a (Luf-T)b (Luf+PBO-T)c 

 

DGK 0.04372 0.02972 0.03232 

SWL 0.02172 0.03292 0.01932 

LHR 0.02412 0.02332 0.02312 

KCH 0.02632 0.01632 0.02772 

FSD 0.03232 0.02432 0.03612 

MUL 0.01372 0.02272 0.03852 

R-PHOS 0.02372 0.00772 0.02952 

LAB-UK 0.02932 0.01452 0.03712 

R-MDA 0.01812 0.00812 0.01672 
 
a Untreated 
b Lufenuron treated 
c Lufenuron+PBO treated 
 

The total protein content in 6th istar larvae before and after the treatments of 

susceptible and resistant strains is shown in Table 45. The results revealed that in two 

susceptible strains like SWL and MUL, the total protein content was 51.57% and 

65.60% increased, respectively after the treatment of sub-lethal (100ppm) of 

lufenuron. 

Contrary four susceptible strains i.e. DGK, LHR, KCH and FSD showed 

32.02%, 3.32%, 37.99% and 24.75% decrease in total protein content after the 

treatment of lufenuron (100ppm) than that of untreated, respectively. 

Similarly total protein content also decreased by 67.45%, 50.48%, and 55.19% 

in deltamethrin resistant strains of R-PHOS, LAB-UK and R-MDA, respectively 

when compared with that of untreated. 

When comparing the total protein content in untreated with that of 

lufenuron+PBO treated in 1:4 ratio (Table 45), some susceptible strains; DGK, SWL 

and LHR exhibited a decrease of 26.08%, 11.05% and 4.15%, respectively after the 

treatment of lufenuron+PBO. 

Similarly a decrease in the total protein content of 7.73% was also recorded in 

resistant strain i.e. R-MDA, after the treatment of lufenuron+PBO than that of 

untreated. 
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On the other hand there was 5.32%, 11.76% and 180.76% increase in three 

susceptible strains like KCH, FSD and MUL, respectively. Similarly an increase in 

the total protein content of 24.45% and 26.60% was also recorded in resistant strains 

i.e. R-PHOS and LAB-UK, respectively after the treatment of lufenuron+PBO than 

that of untreated. 

Table 45 revealed the comparative results of total protein content in 

susceptible and resistant strains after two treatments i.e. lufenuron (100ppm) and 

lufenuron+PBO (1:4). 

The results revealed 8.75%, 69.85%, 48.52% and 69.54% increase of total 

protein content in four susceptible strains i.e. DGK, KCH, FSD and MUL after the 

lufenuron+PBO treatment than that of lufenuron treatment. 

Similarly increase of 282.38%, 155.65% and 105.91% was recorded in 

resistant strains i.e. R-PHOS, LAB-UK and R-MDA strains, respectively when 

compared with that of lufenuron treatment at sublethal dose. 

On contrary two deltamethrin susceptible strains like SWL and LHR exhibited 

41.31% and 0.86% decrease, respectively in the protein content after lufenuron+PBO 

treatment than that of lufenuron treatment alone. 

 

 
Fig. 52. Total protein (mg) in 6th instar larvae of susceptible and resistant strains of T. 
 castaneum for un-treated, lufenuron and lufenuron+PBO (1:4) treatments  
 U-T: un-treated   

Luf-T: lufenuron treated 
Luf+PBO-T: lufenuron+PBO treated in 1:4 

 
 
 

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

Sus Res Sus Res Sus Res

U-T Luf-T Luf+PBO-T

P
ro

te
in

 (
m

g/
m

L
)



 129

3. 5. 9. Catalase 
  

Table 46 shows specific activities (IU) of catalase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after both 

the lufenuron treatments whether used alone or in mixture with PBO. 

Table 46. Specific activities of catalase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after lufenuron  
treatment 

 
Strains (U-T)a (Luf-T)b (Luf+PBO-T)c 

 

DGK 445.329 18355.6 5989.31 
SWL 758.491 10224.9 6182.17 
LHR 931.39 31356.8 11222.8 
KCH 4040.08 22758.8 4754.52 
FSD 1204.81 16704.1 3990.9 
MUL 1309.92 16347.9 3421.48 

R-PHOS 3220.13 42097.8 3906.54 
LAB-UK 2911.58 27178.9 3772.43 
R-MDA 5951.02 82907 14287 

 
a Untreated 
b Lufenuron treated 
c Lufenuron+PBO treated 
 

Table 46 shows the comparison between the specific activities of catalase of 

untreated and lufenuron treated larvae.  

The results revealed that specific activity of catalase in the 6th instar larvae of 

all the susceptible as well as resistant strains was significantly higher. The results 

exhibited the highly significant increase of 4021.81%, 148.05%, 3266.66%, 463.33%, 

1286.45% and 1148.01%, in DGK, SWL, LHR, KCH, FSD and MUL strains, 

respectively, after the treatment of lufenuron when compared with that of untreated. 

Resistant strains like R-PHOS, LAB-UK and R-MDA also showed highly 

significant increase of 1207.34%, 833.48% and 1293.16% respectively, after 

lufenuron treatment than that of untreated. 
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Almost all the deltamethrin susceptible strains produced mixed response of 

either increase or decrease in specific activities of catalase after the treatment with 

lufenuron+PBO mixture (Table 46).  

The results revealed that DGK, SWL and LHR demonstrated highly 

significant increase of 1244.92%, 715.06% and 1104.96% respectively while KCH, 

FSD and MUL strains showed comparatively less increase of 17.68%, 231.25% and 

161.20%, respectively in specific activity of catalase after the treatment of 

lufenuron+PBO when compared with that of untreated. 

The results of resistant strains showed increase of 21.32%, 29.57% and 

140.08% in R-PHOS, LAB-UK and R-MDA, respectively in the levels of specific 

activities of catalase after the treatment of lufenuron+PBO when compared with that 

of untreated. 

The results obtained in both, susceptible and resistant strains when specific 

activity of catalase after the treatment of lufenuron+PBO (1:4) was compared with 

that of lufenuron treated larvae are shown in Table 46.  

The results revealed 67.37%, 39.54%, 64.21%, 79.11%, 76.11%, and 79.07% 

significant decrease in levels of specific activities of catalase in all susceptible strains 

i.e. DGK, SWL, LHR, KCH, FSD and MUL, respectively.  

A significant decrease of 90.72%, 86.12% and 82.77% in specific activities of 

catalase was also recorded in resistant strains like R-PHOS, LAB-UK and R-MDA, 

respectively. 
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Fig. 53. Specific activity of catalase (IU/mg of protein) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum for un-treated,  
lufenuron and lufenuron+PBO treatments    
U-T: un-treated 
Luf-T: lufenuron treated 
Luf+PBO-T: lufenuron+PBO treated in 1:4 
 

On the basis of above mentioned results it was concluded that PBO worked 

significantly better as catalase inhibitor in deltamethrin susceptible and resistant 

strains of T. castaneum under study. 

 
3. 5. 10. Amylase   

 

Table 47 shows specific activities (IU) of amylase in 6th instar larvae of 

deltamethrin susceptible and resistant strains of T. castaneum before and after 

lufenuron treatments whether used alone or in mixture with PBO. 
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Table 47. Specific activities of amylase (IU) in 6th instar larvae of deltamethrin 
susceptible and resistant strains of T. castaneum before and after lufenuron  
treatment 

 
Strains (U-T)a (Luf-T)b (Luf+PBO-T)c 

 

DGK 6.28578 3.72158 5.81656 
SWL 9.76753 3.55476 5.70537 
LHR 10.4546 5.0505 3.64104 
KCH 11.101 7.51747 6.23707 
FSD 9.12196 16.5929 4.9538 
MUL 16.8386 8.52349 4.80195 

R-PHOS 17.9993 15.0606 3.2225 
LAB-UK 14.4199 7.85143 3.61018 
R-MDA 23.7287 50.0689 17.4974 

 
a Untreated 
b Lufenuron treated 
c Lufenuron+PBO treated 

 

Table 47 shows the comparison between the specific activities of amylase of 

untreated and lufenuron treated larvae. The results revealed that specific activity of 

amylase in 6th instar larvae of almost all susceptible as well as resistant strains was 

significantly higher before the treatment. 

The results exhibited decrease of 40.79%, 63.61%, 51.69%, 32.28% and 

49.38%, in susceptible strains like DGK, SWL, LHR, KCH and MUL, respectively.  

Similarly two resistant strains viz. R-PHOS and LAB-UK exhibited 16.33% 

and 45.55%, decrease in specific activity of amylase, respectively, after the treatment 

of lufenuron than that of untreated. 

Two strains like FSD and R-MDA showed increase of 81.90% and 111.01% in 

specific activity of amylase, respectively, after the treatment of lufenuron when 

compared with that of untreated. 

Similar results of decrease in specific activities of amylase after the treatment 

with lufenuron+PBO mixture when compared with that of untreated were obtained in 

all susceptible and resistant strains (Table 47). 

The results revealed a nonsignificant decrease of 7.46% in DGK strain where 

as SWL, LHR, KCH, FSD and MUL exhibited a significant decreaseby 41.59%, 

65.17%, 43.82%, 45.69% and 71.48%, respectively. 



 133

The results of resistant strains also showed a significant decrease of 82.10%, 

74.96% and 26.26% in R-PHOS, LAB-UK and R-MDA, respectively in the levels of 

specific activities of amylase after the treatment of lufenuron+PBO when compared 

with that of untreated. 

The results obtained in both, susceptible and resistant strains when specific 

activity of amylase after the treatment of lufenuron+PBO (1:4) was compared with 

that of lufenuron treated larvae are shown in Table 48.  

Two susceptible strains like DGK and SWL showed increase in the level of 

specific activities of amylase by 56.20% and 60.50%, respectively after the treatment 

of lufenuron+PBO mixture when compared with that of lufenuron treatment. 

Contrary other susceptible strains revealed 27.91%, 17.03%, 70.15% and 

43.66% respective decrease in levels of specific activities of amylase in LHR, KCH, 

FSD and MUL. Similarly, resistant strains i.e. R-PHOS, LAB-UK and R-MDA also 

showed decrease of 78.60%, 54.02% and 65.05%, respectively in the levels of 

specific activities of amylase after the treatment of lufenuron+PBO mixture when 

compared with that of lufenuron treatment. 

On the basis of above mentioned results it was concluded that PBO worked as 

amylase inhibitor in case of susceptible and resistant strains of T. castaneum.  

 
 

 
Fig. 54. Specific activity of amylase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for un-treated, 
lufenuron and lufenuron+PBO treatments    
U-T: un-treated 
Luf-T: lufenuron treated 
Luf+PBO-T: lufenuron+PBO treated in 1:4 
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On the basis of results obtained, it was concluded that PBO significantly 

inhibited amylase activity in highly resistant as well as some susceptible strains 

against deltamethrin.  

 
3. 5. 11. Acid phosphatase 

 

Table 48 shows specific activities (IU) of acid phosphatase in 6th instar larvae 

of deltamethrin susceptible and resistant strains of T. castaneum before and after 

lufenuron treatments whether used alone or in mixture with PBO. 

Table 48. Specific activities of acid phosphatase (IU) in 6th instar larvae of  
deltamethrin susceptible and resistant strains of T. castaneum before and after  
the treatment of lufenuron 

 
Strains (U-T)a (Luf-T)b (Luf+PBO-T)c 

 

DGK 0.21229 0.56946 0.64189 
SWL 0.50271 0.79603 1.35639 
LHR 1.04119 1.21738 1.27513 
KCH 0.82971 1.37156 1.00445 
FSD 0.94595 1.03263 0.8162 
MUL 1.59168 1.17744 0.66613 

R-PHOS 1.38098 0.99006 0.77675 
LAB-UK 0.93101 1.20319 0.89716 
R-MDA 0.42181 2.01704 1.56731 

 
a Untreated 
b Lufenuron treated 
c Lufenuron+PBO treated 
 

Table 48 shows the comparison between the specific activities of acid 

phosphatase of untreated and lufenuron treated larvae.  

The results revealed that specific activity of acid phosphatase in the 6th instar 

larvae of susceptible and two resistant strains was significantly higher after the 

treatment of lufenuron than that of untreated. A respective increase of 168.25%, 

58.35%, 16.92%, 65.31% and 9.16% was recorded in susceptible strains such as 

DGK, SWL, LHR, KCH and FSD.  Similarly, two resistant strains like LAB-UK and 

R-MDA also exhibited 29.23% and 378.18% increase, respectively. 

On the other hand one of each susceptible and resistant strains viz. MUL and 

R-PHOS exhibited 26.03% and 28.31% decrease in specific activity of acid 

phosphatase, respectively, after the treatment of lufenuron than that of untreated. 
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Table 48 shows mixed response of either increase or decrease in the specific 

activities of acid phosphatase, after the treatment with lufenuron+PBO mixture when 

compared with that of untreated. 

The results revealed that some susceptible strains i.e. DGK, SWL, LHR and 

KCH showed significant increase of 202.37%, 169.81%, 22.47% and 21.06%, 

respectively. Similarly, 271.56% increase in the specific activities of acid phosphatase 

was recorded in R-MDA after the treatment with lufenuron+PBO.  

All other strains like FSD, MUL, R-PHOS and LAB-UK exhibited decrease of 

13.72%, 58.15%, 43.75% and 3.64%, respectively in the specific activity of acid 

phosphatase after the treatment with lufenuron+PBO when compared with that of 

untreated. 

Almost similar results were obtained in both, susceptible and resistant strains 

when specific activity of acid phosphatase after the treatment of lufenuron+PBO (1:4) 

was compared with that of lufenuron treated larvae (Table 48).  

The results revealed 12.72%, 70.39% and 4.74% increase in specific activities 

of acid phosphatase in susceptible strains i.e. DGK, SWL and LHR, respectively.  

Contrary, some susceptible as well as resistant strains showed depleted 

specific activities of acid phosphatase. KCH, FSD, MUL, R-PHOS, LAB-UK and R-

MDA, exhibited 26.77%, 20.96%, 43.43%, 21.54%, 25.43% and 22.30% respective 

decrease in specific activities of acid phosphatase after the treatment of 

lufenuron+PBO mixture when compared with that of lufenuron treatment.  
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Fig. 55. Specific activity of acid phosphatase (IU/mg of protein) in 6th instar larvae of  

deltamethrin susceptible and resistant strains of T. castaneum for un-treated,  
lufenuron and lufenuron+PBO treatments    
U-T: un-treated 
Luf-T: lufenuron treated 
Luf+PBO-T: lufenuron+PBO treated in 1:4 

 
On the basis of results obtained, it was concluded that PBO non-significantly 

depleted the acid phosphatase activity in highly to slightly resistant strains against 

deltamethrin. It also non-significantly decreased the activity of acid phosphatase in 

some susceptible strains.   

 
3. 5. 12. Alkaline phosphatase 

 

Table 49 shows specific activities (IU) of alkaline phosphatase in 6th instar 

larvae of deltamethrin susceptible and resistant strains of T. castaneum before and 

after lufenuron treatments whether used alone or in mixture with PBO. 
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Table 49. Specific activities of alkaline phosphatase (IU) in 6th instar larvae of 
deltamethrin susceptible and resistant strains of T. castaneum before and after  
lufenuron treatment 

 
Strains (U-T)a (Luf-T)b (Luf+PBO-T)c 

 

DGK 0.93655 0.64294 0.70946 
SWL 0.25136 0.63019 0.84774 
LHR 0.13581 0.98326 0.94454 
KCH 0.53931 1.03703 0.61055 
FSD 0.33784 0.83059 0.77085 
MUL 0.5173 0.91311 0.62361 

R-PHOS 0.87462 0.99006 0.6288 
LAB-UK 0.85653 1.20319 0.95599 
R-MDA 0.78337 1.47916 1.46935 

 
a Untreated 
b Lufenuron treated 
c Lufenuron+PBO treated 

 

When comparison was made between lufenuron treatment and control, the 

results revealed that only DGK strain exhibited decrease of 31.35% after the treatment 

of lufenuron (Table 49).  

The results exhibited significant increase of 150.72%, 624.02%, 92.29%, 

145.86% and 76.52%, in susceptible strains like SWL, LHR, KCH, FSD and MUL, 

respectively.  

Similarly resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 

13.20%, 40.47% and 88.82%, increase in specific activity of alkaline phosphatase, 

respectively after lufenuron treatment than that of untreated. 

Table 49 shows increase in the specific activities of alkline phosphatase in 

almost all susceptible strains except DGK, after the treatment with lufenuron+PBO 

mixture (1:4) when compared with that of untreated.  

The results revealed that five susceptible strains i.e. SWL, LHR, KCH, FSD 

and MUL showed increase of 237.27%, 595.50%, 13.21%, 128.17% and 20.55%, 

respectively, in the specific activities of alkaline phosphatase after the treatment with 

lufenuron+PBO. Similarly, two resistant strains like LAB-UK and R-MDA also 

showed increase of 11.61% and 87.57% in the specific activities of alkaline 

phosphatase after the treatment with lufenuron+PBO when compared with that of 

untreated. 
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Contrary DGK and R-PHOS exhibited decrease of 24.25% and 28.11%, 

respectively in the specific activity of alkaline phosphate after the treatment with 

lufenuron+PBO when compared with that of untreated. 

Table 49 shows the results of specific activities of alkaline phosphatase after 

the treatment with lufenuron+PBO (1:4) of susceptible and resistant strains when 

compared with that of lufenuron treated larvae.  

Two susceptible strains showed increase in the level of specific activities of 

alkaline phosphatase. DGK and SWL exhibited respective increase by 10.35% and 

34.52%.  

Contrary other susceptible strains revealed 3.94%, 41.13%, 7.19% and 31.71% 

respective decrease in the levels of specific activities of alkaline phosphatase in KCH, 

FSD and MUL after the treatment of lufenuron+PBO (1:4) when compared with that 

of lufenuron treated. 

Similarly resistant strains such as R-PHOS, LAB-UK and R-MDA exhibited 

36.49%, 20.54% and 0.66% respective decrease in specific activities of alkaline 

phosphatase after the treatment of lufenuron+PBO (1:4) mixture when compared with 

that of lufenuron treated. 

 

 

Fig. 56. Specific activity of alkaline phosphatase (IU/mg of protein) in 6th instar  
larvae of deltamethrin susceptible and resistant strains of T. castaneum for un-
treated, lufenuron and lufenuron+PBO treatments    
U-T: un-treated  
Luf-T: lufenuron treated 
Luf+PBO-T: lufenuron+PBO treated in 1:4 
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On the basis of results obtained, it was concluded that PBO inhibited the 

activity of alkaline phosphatase only up to some extent in highly resistant and 

susceptible strains against deltamethrin. There was no significant effect of PBO on of 

alkaline phosphatase activity.   

 
3. 5. 13. Acetylcholinesterase (AChE) 

 

Table 50 shows specific activities (IU) of acetylcholinesterase (AChE) in 6th 

instar larvae of deltamethrin susceptible and resistant strains of T. castaneum before 

and after both the lufenuron treatments either alone or in mixture with PBO. 

Table 50. Specific activities of acetylcholinesterase (IU) in 6th instar larvae of 
deltamethrin susceptible and resistant strains of T. castaneum before and after 
the treatment of lufenuron 

 
Strains (U-T)a (Luf-T)b (Luf+PBO-T)c 

 

DGK 0.61146 2.74001 2.01058 
SWL 1.42016 3.01088 3.34217 
LHR 1.05718 4.47962 1.72552 
KCH 0.82818 5.6954 1.91396 
FSD 0.94166 5.05642 1.12726 
MUL 1.37892 3.62041 1.00364 

R-PHOS 0.58952 6.4462 1.39322 
LAB-UK 0.4629 11.2733 1.77275 
R-MDA 0.40855 43.5084 3.6897 

 
a Untreated 
b Lufenuron treated 
c Lufenuron+PBO treated 

 

Table 50 shows the comparison between the specific activities of 

acetylcholinesterase (AChE) of untreated and lufenuron treated larvae. The results 

revealed that specific activity of AChE in 6th instar larvae of all the susceptible as well 

as resistant strains was found significantly higher after the treatment. 

The results exhibited significant increase of 348.11%, 112.01%, 323.73%, 

587.70%, 436.97% and 162.55% in all susceptible strains such as DGK, SWL, LHR, 

KCH, FSD and MUL, respectively. 
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Similarly all resistant strains viz. R-PHOS, LAB-UK and R-MDA exhibited 

very high increase of 993.46%, 2335.38% and 10549.36%, respectively, in specific 

activity of AChE  after the treatment of lufenuron than that of untreated. 

The results of elevation in specific activities of AChE after the treatment with 

lufenuron+PBO mixture when compared with that of untreated were obtained in 

almost all susceptible and resistant strains (Table 50).  

The results revealed a respective decrease of 27.22% in one susceptible strain 

i.e. MUL. Contrary all other susceptible strains i.e. DGK, SWL, LHR KCH and FSD 

exhibited a significant increase of 228.82%, 135.34%, 63.22%, 131.10% and 19.71%, 

respectively in the levels of specific activities of AChE after the treatment of 

lufenuron+PBO (1:4) when compared with that of untreated. 

The results of resistant strains also showed a significant increase of 136.33%, 

282.97% and 803.11% in R-PHOS, LAB-UK and R-MDA, respectively in the levels 

of specific activities of AChE after the treatment of lufenuron+PBO when compared 

with that of untreated. 

The results of specific activity of AChE after the treatment of lufenuron+PBO 

(1:4) when compared with that of lufenuron treated larvae are shown in Table 50. The 

results revealed decrease in the level of specific activities of AChE in both, 

susceptible and resistant strains of T.castaneum. 

All susceptible strains such as DGK, LHR, KCH, FSD and MUL exhibited 

decrease of 26.62%, 61.48%, 66.39%, 77.71% and 72.28%, respectively, contrary 

only SWL strain showed a nonsignificant increase of 11.00% in the level of specific 

activities of AChE after the treatment of lufenuron+PBO (1:4) when compared with 

that of lufenuron treated. 

All resistant strain i.e. R-PHOS, LAB-UK and R-MDA also showed 

significant decrease of 78.39%, 84.27% and 91.52% in specific activities of AChE 

after the treatment of lufenuron+PBO mixture when compared with that of lufenuron 

treated. 
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Fig. 57. Specific activity of acetylcholinesterase (IU/mg of protein) in 6th instar larvae  
of deltamethrin susceptible and resistant strains of T. castaneum for un- 
treated, lufenuron and lufenuron+PBO treatments    
U-T: uUn-treated 
Luf-T: lufenuron treated 
Luf+PBO-T: lufenuron+PBO treated in 1:4 
 

PBO significantly depleted the activity of acetylcholinesterase (AChE) in both 

deltamethrin susceptible and resistant strains. Hence it was concluded that PBO can 

be used as synergist with lufenuron in the ratio of 1:4. 
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The red flour beetle, Tribolium castaneum (Herbst) is found in warm and 

tropical regions of the world and is considered as one of the major insect pests of 

stored grain products (Semple, 1986). It is a great threat for bulks of grains in flour 

mills and warehousing facilities (Zettler, 1991). Almost 9% of the total produce of 

grains in the world is lost annually by insects (GIFAP, 1989).  

Insecticidal application plays a vital role in the management practices of T. 

castaneum (Bengston et al., 1991). Chemical control against stored grain pests in the 

storage rooms, transporting containers, and to silo cells needs sufficient and 

continuous attention (Storey et al., 1984). Development of resistance is a common 

phenomenon in the insect pests of stored grains against different insecticides (Champ, 

1986), and now the concern of scientists to reduce the residues of OP chemical on 

grains, grain protection industry is developing insecticides like pyrethroids to replace 

OP chemicals. However, there are reports that T. castaneum has developed high levels 

of resistance against pyrethroids (Collins, 1990). Therefore, the use of chemical 

treatment to control stored insect pests is minimized due to the risk of development of 

resistance, high cost, and consumer concern on using toxic chemicals on food or food 

products. This has resulted in reducing the maximum residue limits (Armitage et al., 

1994). 

The reasons discussed before lead to maximize the reliance on low-cost 

production of pesticides and low chemical inputs but guaranteeing the same level of 

protection from pests as conventional chemical do. The present study was undertaken 

to determine the effects of insecticides bearing novel modes of action, having low 

mammalian toxicity and reduced residual effects against T. castaneum. The final aim 

of this study was to investigate the management toxicity of tested insecticides against 

T. castaneum by using PBO as synergist. Specifically, it was observed whether 

mixtures with PBO could be exploited to increase the toxicity with a reduction in the 

application rates for the control of stored product insects. 

This work also measured some biochemical changes in the 6th instar larvae of 

T. castaneum after 48 hours of treatment with tested insecticides. Because the 6th 

instar larvae were used in the toxicity bioassay, the larvae of the same instar were 

used for the enzyme activity assay. There may be measurable biochemical changes 

that are useful as short-term biomarkers (Crane et al., 1995). 
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4. 1. Toxicity of spinosad  

 

Our findings revealed different degrees of susceptibility in field strains of T. 

castaneum. Larvae were variably susceptible to spinosad showing least LC50 value 

(648.2ppm) for SWL strain and highest LC50 value (1532.2ppm) for MUL strain. Our 

results are in full agreement with Norma and Morallo-Rejesus (1981), who reported 

that strains of T. castaneum obtained from farmers' stores at different places, showed 

varying degrees of resistance despite the fact that these stores had no previous 

insecticidal operations. Fang et al. (2002) and Flinn et al. (2004) showed that T. 

castaneum adults were less susceptible to spinosad. The rate of 1 mg/kg was found 

effective in preventing progeny production in the laboratory and field trials because 

larvae hatching from the eggs were highly susceptible to spinosad. Spinosad remained 

effective against Tribolium spp. on concrete surface (Toews et al., 2003). Similarly 

Flinn et al. (2004) stated that spinosad was very effective in suppressing T. castaneum 

populations in stored wheat. It was concluded by Toews et al. (2003) that spinosad 

had marvelous contact activity against stored-product insects when used on adults.  

Selection of the field population with deltamethrin showed a highly significant 

(almost 380 times) increased level of resistance against spinosad i.e. from LC50 of 

609ppm (S-MDA) to LC50 of 231375.2ppm (R-MDA). This showed cross resistance 

in T. castaneum. It has also been reported by other researchers. For example, the 

malathion-resistant strains showed cross-resistance to bromophos (Pieterse et al., 

1972).  

The slopes of the dose-mortality curves at S-MDA (1.562) and R-MDA 

(1.649) were not significantly different, which indicated low genetic variation 

between both the strains. Those populations that comprise both environmental and 

genetic components show phenotypic variation in susceptibility as the slopes of the 

dose-mortality curves represent (Hoskins 1960). 

 

4. 2. Toxicity of emamectin 

Our results revealed variable degrees of susceptibility against emamectin in 

collected field strains of T. castaneum as SWL strain showed least LC50 value of 

1.11ppm whereas highest LC50 value (4.27ppm) for JHG strain. This could be 

explained to the fact that T. castaneum are strong and frequent fliers. They are able to 

migrate actively but they move passively with the stored commodities. Much 
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evidence in the literature showed that resistant strains of storage insects were often 

found where the insecticides had not been used (Champ and Brown, 1970; Pieterse et 

al., 1972). Similarly, according to Anonymous report (2008) spinosad, emamectin 

benzoate and thiamethoxam (all @ 2 ppm) were found equally effective as 

deltamethrin @ 1 ppm. They provided appreciable control of storage insects infesting 

cereal seeds such as wheat, pearl millet, maize and paddy under different agro 

climatic conditions for six months. 

Selection of the field population with deltamethrin, exhibited a significant 

increase (3.37 times) in resistance against emamectin from LC50 of 1.52ppm (S-

MDA) to LC50 of 5.12ppm (R-MDA). Our results are in full agreement with that of 

Spiers and Zettler (1968) who reported that malathion-resistant beetles showed 

resistance to pyrethrins and other conventional insecticides. This could be related to 

the phenomena that insects may use more than one resistant mechanism (multiple 

resistances) or the same mechanism may confer resistance to more than one 

compound or group of compounds. 

The slopes of the dose-mortality curve at S-MDA (1.508) and R-MDA (1.304) 

were not significantly different, which indicated low genetic variation between both 

the strains. On the other hand Chilcutt and Tabashnik (1995) suggested that genetic 

variation in susceptibility can not be judged by the slope of the concentration 

mortality line, confounded by the environmental component of variation. 

 

4. 3. Toxicity of abamectin 

 

Different degrees of susceptibility were recorded in field strains of T. 

castaneum against abamectin which were not of practical significance. Least LC50 

value (1.61ppm) was noted for CHT strain and highest LC50 value (4.24ppm) for FSD 

strain. Our results are in partial agreement with Paul and Denis (1990) who suggested 

that metabolism in insects differs the toxicity of abamectin and thus reduces 

penetration in 5th instar of S. littoralis than in 6th instar. Similarly, David et al. (1985) 

suggested that the death of insects occur due to nonfunctional mouthparts because of 

the physiological action of avermectins, rather than antifeedant activity. The 

avermectins are effective on both contact and ingestion. The avermectins affect on 

GABA receptor in the peripheral nervous system by stimulating the release of GABA 

from nerve endings. In arthropods the post-junction membrane of muscle cells gets 
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bound by GABA on of insects and other arthropods. This eventually results in an 

increased flow of chloride ions  into the cell, with  consequent  hyper polarisation  and  

elimination of signal transduction,  resulting  in  an  inhibition  of  neurotransmission 

(Jansson and Dybas 1996). 

Our results also revealed that deltamethrin resistant strain (R-MDA) 

significantly, (almost 3 times) increased its resistance against abamectin from LC50 of 

2.62ppm (S-MDA) to LC50 of 7.90ppm (R-MDA). Our findings are in line with other 

scientists who reported little cross resistance between abamectin and four pyrethroid 

insecticides (deltamethrin, beta-cypermethrin, fenvalerate and bifenthrin) in 

abamectin resistant and abamectin susceptible strains of the diamondback moth, 

Plutella xylostella  (L). (Liang et al. 2003) 

The non-significantly different slopes of the dose-mortality curves i.e. 1.746 

and 1.627 represented low genetic variation between S-MDA and R-MDA 

respectively. However, Chilcutt and Tabashnik (1995) suggested that the slope of the 

concentration-mortality line is not a good indicator of genetic variation in 

susceptibility owing to being confounded by the environmental component of 

variation.   

 

4. 4. Toxicity of lufenuron  

 

The results revealed that DGK strain exhibited least LC50 value of 105.02ppm 

and highest LC50 value of 258.42ppm by CHT strain against lufenuron. A low 

variation in the degrees of susceptibility against lufenuron in collected field strains of 

T. castaneum indicated that it is equally effective against susceptible to moderately 

resistant larvae. Our findings are supported by Ishaaya et al. (2003) who found that 

chitin synthesis inhibitors were quite effective against field strains of Spodoptera 

littoralis. Due to chitin synthesis inhibition activity, insect cuticle often becomes stiff 

(Fox, 1990). Consequently feeding is often hampered, as reported by Neuman and 

Guyer (1988), Soltani (1987) and Parween (1996) in different insects.  

Lab strain resistant to deltamethrin (R-MDA) exhibited a significant increase, 

(3.48 times) in the LC50 value i.e. 478.42ppm when compared with the LC50 value 

137.48ppm of lab strain susceptible to deltamethrin (S-MDA). One of the reasons for 

the development of resistance can be amplification of the genes responsible for the 

production of detoxification enzymes  Mouches et al., 1986 and Field et al. 1988 
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found that overproduction of an esterase is due to the putative mechanism which 

involves a gene amplification in resistant insects. Similarly, chitin synthesis inhibitors 

were found less effective against resistant strains of T. castaneum (Ishaaya & 

Yablonski, 1987) 

A significant difference found between the slopes of the dose-mortality curves 

for S-MDA (2.063) and R-MDA (1.649) was indication of genetic variation between 

both the strains. Our findings are partially similar with that of Stall (1975) who 

reported that the insect growth regulators (IGRs) are also able to produce various 

morphological abnormalities in treated insects. Among the IGRs, chitin synthesis 

inhibitors (CSIs) interfere with the formation of new cuticle (Hajjar, 1985), and 

disturb the process of ecdysis. A number of these compounds affect moulting in 

insects (Hajjar, 1985) 

 

4. 5. Toxicity of indoxacarb 

 

Our results revealed least LC50 value of 1023.4ppm for JHG strain and highest 

LC50 value (3074.9ppm) for LHR strain. The variable doses for different field strains 

of T. castaneum larvae indicate variable degrees of susceptibility against indoxacarb. 

Our findings are consistent with that of Pasquier and Charmillot (2003) who reported 

that the LC50 value for indoxacarb was found over 2800 mg kg–1 for topical 

application against susceptible strain of codling moth to diapause it. Similarly, 

Studebaker and Kring (2003) stated that an important predator of several economic 

pests in cotton, Orius insidiosus (Say) was found susceptible against indoxacarb in 

treated Petri dishes when used on laboratory reared males, females and third instar 

nymphs as compared to treated cotton plants in the field or greenhouse. 

When comparison was made between LC50 values of S-MDA (1288.5ppm) 

and R-MDA (3381.7ppm), a 2.62 times increase was recorded in resistance against 

indoxacarb. Our results are in line with Hussain et al. (2009) who reported that 

indoxacarb was less toxic to T. castaneum larvae of malathion–resistant (PAK) strain 

as compared to larvae of organophosphate–susceptible (FSS–II) strain on the basis of 

LC50 values. Likewise, Ahmad et al. (2002) found that indoxacarb that was never used 

in Michigan to control oblique-banded leafroller, Choristoneura rosaceana,  showed a 

very high grades of resistance (>700–fold) against indoxacarb when used against 

organophosphate–resistant Berrien strain. 
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Low genetic variation between both the strains i.e. S-MDA and R-MDA was 

observed as respective slopes of the dose-mortality curves were not significantly 

different, i.e. 1.620 and 1.297. Similarly, Hoskins (1960) reported that slopes of the 

dose-mortality curves represent the phenotypic variation in susceptibility.  

 

4. 6. Total protein content 

 

The effects of five insecticides either used alone or in mixture with PBO, on 

total protein content in 6th instar larvae are shown in Tables. 21. 32. 43. 54. 65. The 

results manifested a variable degree of either increase or decrease in total protein 

contents.  

In case of spinosad treatment, maximum of 237.61%  increase in MUL strain 

while minimum, 8.44%  increase was recorded in R-PHOS strain. After the treatment 

with spinosad, R-MDA strain exhibited 204.19% increase when compared with that 

of untreated. The total protein content of untreated larvae was compared with that of 

spinosad+PBO treated in 1:2 ratio. R-MDA exhibited a highest increase of 90.518% 

whereas SWL strain showed 16.57% minimum increase after the treatment of 

spinosad+PBO. Our findings are in line with that of Shakoori and Saleem (1989) who 

reported that after the treatment of malathion an increase in protein content was 

observed in T.  castaneum. 

Contrary, DGK strain showed lowest decrease of 0.91% and LAB-UK 

exhibited maximum decrease of 21.83% after the treatment of spinosad (480ppm) in 

total protein content when compared with that of untreated. Similarly, 11.61% least 

decrease in LHR strain and highest decrease of 56.49% were recorded in R-PHOS 

after the treatment of spinosad+PBO than that of untreated. Least decrease of 19.20% 

in LAB-UK strain while utmost decrease of 59.88% in R-PHOS strain was recorded 

in total protein content after both the comparative treatments i.e. spinosad (480ppm) 

and spinosad+PBO (1:2). 

Our results are in complete agreement with that of Abdul-Majeed et al. (1984) 

who found that protein amino acid contents was reduced in the larvae of fruit fly 

when treated with Duter. 

In case of emamectin treatment, maximum of 198.25% increase in MUL strain 

while minimum of 37.10% increase was recorded in R-PHOS strain after emamectin 

treatment when compared with that of untreated. When total protein content in 
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untreated was compared with that of emamectin+PBO treatment in 1:2 ratio, MUL 

exhibited a highest increase of 258.02% whereas R-PHOS strain showed 9.27%, 

minimum increase after the treatment of emamectin+PBO. Similarly highest increase 

of 142.59% and minimum increase of 12.16% was recorded in R-MDA and DGK, 

respectively after emamectin+PBO treatment and emamectin treated at sub-lethal 

dose.  

Our findings are in agreement with that of Khan (1998) who reported that total 

protein content was increased in Earias larvae when treated with monocrotophos. 

On the other hand, the total protein content decreased at a highest rate of 

41.94% in R-MDA strain while KCH exhibited minimum decrease of 19.76% after 

the treatment of emamectin (3.8ppm) when comparing with untreated larvae. 

Similarly, when comparison of percent increase or decrease was made between the 

protein contents of emamectin+PBO treated larvae and untreated larvae, 6.45% least 

decrease in SWL strain and highest decrease of 44.78% were recorded in LHR. 

Comparative results of total protein content after emamectin (3.8ppm) treatment and 

emamectin+PBO (1:2) treatment, revealed least percent decrease of 20.30 in R-PHOS 

strain while maximum decrease of 64.31% in LHR strain. 

Our results are in complete agreement with that of Javaid (1989) who reported 

that larval weight and protein contents were reduced in larvae of H. arimgera, due to 

neem product treatment. 

In comparison of total protein contents between the untreated larvae and 

treated with abamectin, maximum of 122.45% increase in MUL strain while 

minimum of 6.75% increase was recorded in R-PHOS strain. When Comparison was 

made between the total protein contents of untreated larvae with that of 

abamectin+PBO treated in 1:2 ratio larvae, MUL strain exhibited a highest increase of 

212.83% whereas R-MDA strain showed 16.56%, minimum increase after treated 

with abamectin+PBO. Similarly maximum increase of 121.85% and minimum 

increase of 0.62% was recorded in R-MDA and DGK, respectively after 

abamectin+PBO treatment when compared with sub-lethal dose of abamectin 

treatment.  

Our results are in complete agreement with Mujeeb and Shakoori (1997) who 

observed that protein content was increased in T. castaneum when treated with 

malathion and primiphos methyl. 
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Conversely, R-MDA strain showed highest decrease of 47.46% in total protein 

content and LAB-UK exhibited minimum decrease of 12.28% in total protein content 

after abamectin (1.8ppm) treatment and untreated. Similarly, 11.40% least decrease in 

KCH strain and highest decrease of 30.68% were recorded in LHR strain after the 

treatment of abamectin+PBO than that of untreated. Comparative results revealed 

least percent decrease of 48.71 in SWL strain and utmost decrease of 51.00% in LHR 

strain in total protein content after abamectin (1.8ppm) treatment and abamectin+PBO 

(1:2) treatment. Our results resemble with that of Gujar and Mehrota (1985) who 

reported that neem products are responsible for the reduction in protein content in 

desert locust. 

In case of indoxacarb treatment, maximumof 102.04% increase in MUL strain 

while minimumof 18.24% increase was recorded in LHR strain after the indoxacarb 

treatment when compared with that of untreated. The total protein contents were 

compared in untreated larvae with indoxacarb+PBO in 1:4 ratio treated larvae. MUL 

strain exhibited a highest increase of 215.74% whereas SWL strain showed 0.92% 

minimum increase after the treatment of indoxacarb+PBO. Similarly the highest 

increase of 143.77% and minimum increase of 13.56% was recorded in R-PHOS and 

KCH, respectively after indoxacarb+PBO treatment when compared with sub-lethal 

dose (900ppm) treatment of indoxacarb. Our results are in line with Faheem and 

Farhanullah (2010) who reported that imidacloprid treatment resulted in the increase 

of protein content in clitellum adult earthworm, Pheretima posthuma. 

Conversely, total protein content was decreased in DGK strain with highest 

percentage of 22.42 and minimum decrease of 7.43% in FSD strain after indoxacarb 

(900ppm) treatment when compared with untreated. Likewise, 4.56% least decrease 

in KCH strain and highest decrease of 34.77% were recorded in DGK strain after the 

treatment with indoxacarb+PBO than that of untreated. Comparative results of total 

protein content after indoxacarb (900ppm) treatment and indoxacarb+PBO (1:4) 

treatment, revealed least decrease of 15.92% in DGK strain while highest decrease of 

41.37% in LHR strain. 

Our results are in complete agreement with that of Gohar et al. (1980) who 

observed reduction in four major protein fractions in the larvae of cotton leaf worm 

under the effect of pesticides (Dursban, Cyilane and Lannate) treatment.  

When comparison of total protein contents was made between the untreated 

larvae and treated with lufenuron, maximum of 65.60% increase in MUL strain while 
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minimum of 51.57% increase was recorded in SWL strain. Total protein content was 

compared between untreated and lufenuron+PBO in 1:4 ratio treated larvae. MUL 

strain exhibited a highest increase of 180.76% whereas KCH strain showed 5.32% 

minimum increase after the treatment of lufenuron+PBO. Similarly highest increase 

of 282.38% and minimum increase of 48.52% was recorded in R-PHOS and KCH, 

respectively after lufenuron+PBO (1:4) treatment when compared with lufenuron 

treated at sub-lethal dose (100ppm). Our results are in complete agreement with the 

previous findings of Rajender (1985) who reported that increase in protein contents 

could be because of decreased carbohydrates, under the effects of insecticides in 

cockroaches. Similarly, Faheem and Farhanullah (2010) also reported increase in 

protein content of clitellum of adult earthworm Pheretima posthuma under the effect 

of imidacloprid could be due to metabolic disorder. 

On the other hand, total protein content was decreased in R-PHOS strain with 

highest percentage of 67.45 and LHR strain exhibited minimum decrease of 3.32% 

after lufenuron (100ppm) treatment when compared with than that of untreated. 

Similarly, 4.15% least decrease in LHR strain and highest decrease of 26.08% were 

recorded in DGK after lufenuron+PBO treatment when compared with that of 

untreated. Comparative results of total protein content after lufenuron (100ppm) 

treatment and lufenuron+PBO (1:4) treatment, revealed least percent decrease of 

41.31 in SWL strain while maximum decrease of 0.86% in LHR strain. Our results 

resemble with that of Saleem and Shakoori (1985) who reported the decreased protein 

contents in T. castaneum larvae after permethrin as well as deltamethrin treatments. 

In the present study, different strains showed different behavior in respect of 

protein contents. As insecticides used in the present study belonged to novel modes of 

action, so they might have caused effects on several vital systems. Therefore, it could 

be expected that it has caused enzyme induction in the organs responsible for defense 

mechanism that resulted an increase in protein production. In some regions of the 

body, inhibition of certain proteins is the result of its utilization for energy production. 

In the organism under the effect of insecticide treatment as insecticides have been 

known to cause depletion of metabolic reserves (Granett and Leeling 1971, Orr and 

Downer, 1982). Similarly, Chang et al. (1974) found the free amino acid in the 

heamolymph of rice stem borer to be affected in the fat body after the treatment with 

pesticide formulating agents. 
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4. 7. Catalase and resistance 

 

The catalase enzyme is usually involved in decomposition of hydrogen 

peroxide and the detoxification of xenobiotics. Parkes et al. (1993) reported that 

aerobic organisms possess an array of enzymatic defense mechanisms against the 

toxic effects of active oxygen species. These include CuZn superoxide dismutase, 

catalase and glutathione peroxidase. 

Bolter and Chefurka (1990) suggested that insect mortality could be attributed 

to accumulation of oxygen-derived free radicals which eventually destroy the cell 

integrity. Such accumulation of H2O2 resulted in production of the hydroxyl radical 

(HO-1), a powerful oxidizing agent.   

The ability of an animal to increase the activity of anti-oxidant enzymes and to 

balance the increased ratio of reactive oxygen species may be crucial for the 

resistance. In the present study, a highly significant increase in catalase activity was 

recorded after the treatment with insecticides bearing novel modes of action when 

compared with that of control. That might have been an effect of the high resistance 

of catalase, as compared to other cellular proteins. Our data confirms the important 

role of free radicals of oxygen and other reactive oxygen species in toxicity of 

pesticides.  

Our findings are in line with that of Caroline and William (1990) who 

reported that catalase activity was significantly higher (62%) in granary weevil, 

Sitophilus granaries after the treatment with phosphine. Wu et al. (2011) found that 

malathion and chlorpyrifos at lower concentrations, increased acetylcholinesterase 

and catalase activity in Oxya chinensis (Orthoptera: Acrididae). Adamski et al. 

(2003) also observed an increase in catalase activity in Spodoptera exigua after sub-

lethal treatment with fenitrothion. 

 

4. 8. Amylase and resistance 

 

Digestive enzymes could be used as a parameter for determining anti-feeding 

activity (Ascher and Ishaaya, 1973 and Ishaaya and Swiriski, 1976). Hussain et al. 

(2009) suggested that inhibition of digestive enzymes results in non-utilization of 

carbohydrates, in glycolysis and Krebs cycle. To get extra energy, beetle larvae ingest 
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abnormal amounts of food and in consequence more intensive or extensive craving for 

food. 

Our findings showed that amylase activity was decreased significantly after 

the treatment of insecticides bearing novel modes of action in susceptible and resistant 

strains. Our findings are in complete agreement with Jbilou et al. (2008) who reported 

that bioinsecticidal effects of methanol extracts from seven plant species on T. 

castaneum larvae reduced α-amylase activity than untreated larvae. Almost similar 

results were obtained by Hussain et al. (2009) who reported that spinosad treatment 

first increased and then decreased the amylase activity in FSS-II strain of T. 

castaneum.  

Our results also revealed that amylase activity was elevated significantly after 

the treatment of sub-lethal dose of lufenuron (IGR) in deltamethrin resistant strain i.e. 

R-MDA. Our findings are in line with that of Fahmy (2005) who suggested that 

increase of enzymatic activities after larval treatment with the tested bioinsecticide 

may be attributed to the destructions of midgut epithelial cells which may lead to 

intensive release of trehalse and invertase. As the insect suffer loss of weight and 

paralysis in mouth parts muscles causing cessation of feeding, the insect may try to 

compensate these pathological features by excess production of digestive enzymes for 

faster growth and development to pass quickly to pupal stage and escape the 

insecticidal exposure via ingestion. 

 

4. 9. Acid phosphatase and resistance 

 

Ashraf and Fisk (1961) reported that acid phosphatase appeared to be widely 

distributed in the cytoplasm and nuclei but its activity was dominant in nuclei of the 

cells of stable fly, Stomoxys calcitrans. Csikos and Sass (1997) mentioned acid 

phosphatase, as a lysosomal marker enzyme in insects. 

Our studies showed that activity of acid phosphatase in 6th instar larvae of T. 

castaneum did not produce any regular pattern of either increase or decrease after 48 h 

of treatment of the insecticides bearing novel modes of action when compared to that 

of control group. Similar results were obtained by Hussain et al. (2009) who reported 

that spinosad caused changes in the activities of phosphatases (acid and alkaline) in 

adult beetles of T. castaneum, but did not produce any pattern. Likewise, El-Bermawy 

(1994) studied the effect of BAY SIR 8514 and pyriproxyfen on phosphatase enzymes 
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and stated that the tested IGRs inhibited the acid phosphatase activity in larval, pupal 

and adult stage of Musca domestica. On the other hand, the tested IGRs significantly 

increased the activity of acid phosphatase while mimic (IGR) treatment exhibited a 

significant reduction in the enzyme activity as compared to the control. 

Increase in acid phosphatase activity was also reported under the effect of 

different IGRs, such as, JHA and ecdysterone on Chrysocoris stollii (Saha et al., 

1986); 20-HE on Manduca sexta (Caglayan, 1990); pyriproxyfen on Culex pipiens 

(El-Bassal, 1993); pyriproxyfen on Pectinophora gossypiella and Earias insulana 

(Anan et al., 1993); pyriproxyfen on S. littoralis (Abdel-Aal, 2002) and pyriproxyfen 

on A. ipsilon (El- Sheikh, 2002). 

Ecdysone is responsible for increase in the activity of acid phosphatase (Pelt-

Verkuil, 1979). This indicates that the increased activity of acid phosphatase in the 

present study may be due to increased number of lysosomes. Sridhara and Bhat 

(1963) stated that either increase or decrease of both phosphatase enzymes during 

development is reflected through increase or decrease of the acid-soluble phosphorus 

content. 

Acid and alkaline phosphatases have been associated with insect development, 

especially in relation to nutrition and egg maturation (Tsumuki and Kanehisa, 1984), 

glucose phosphorylation (Thibodeau & Patton, 1993), breakdown of ATP (Nohel and 

Slama, 1972; Saleem & Shakoori, 1985), the digestion of phospholipids (Cook et al., 

1969) and growth rate (Mosleh et al., 2003).  

Oppenoorth (1985) included phosphatases in the list of detoxifying enzymes 

of insecticides, mostly organophosphates but on the basis of previous findings and 

ours, it can now be deduced that acid phosphatase plays an important role in 

resistance development against wide variety of insecticides. 

 

4. 10. Alkaline phosphatase and resistance 

 

Ashraf and Fisk (1961) reported that alkaline phosphatase appeared to be 

dominantly present in the cytoplasm of the cells of stable fly Stomoxys calcitrans. In 

some tissues both acid and alkaline phosphatases were shown to be present at the 

same sites. Ferreira and Terra (1980) mentioned that alkaline phosphatase is a brush 

border membrane marker enzyme and is especially active in tissues with active 

membrane transport, such as intestinal epithelial cells and Malpighian tubules. 
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Phosphatases were not only detected in T. castaneum, but also changes in level 

of these enzymes upon exposure to cypermethrin and bifenthrin insecticides were also 

reported (Saleem and Shakoori, 1985, 1986, 1987, 1996; Tufail et al., 1994).   

 Our results showed that after 48 h of treatment with insecticides bearing novel 

modes of action, activity of alkaline phosphatase increased in most of the 6th instar 

larvae of different strains as compared to control. In the case of DGK strain, the 

activity of alkaline phosphatase decreased when treated with all insecticides under 

study. Our results are in complete agreement with that of Hussain et al. (2009) who 

reported that alkaline phosphatase activity was decreased in PAK strain and increased 

in FSS-II strain of T. castaneum after the treatment with LC10 dose of spinosad. The 

results of Assar et al. (2010) also support our findings, who tested some IGRs against 

house fly, Musca domestica and found that they induced a significant increase in the 

activity of alkaline phosphatase as compared to the control. On the other hand, some 

IGRs such as pyriproxyfen reduced the activity of alkaline phosphatase against A. 

ipsilon (El- Sheikh, 2002). Similarly the activity of alkaline phosphatase was 

significantly elevated in larvae of T. confusum treated with sesame but its activity was 

significantly reduced when treated with chamomile oil (Abd-El-Aziz and El-Sayed 

2009).  

Phosphatases can be important as binding enzymes, which may qualify as 

enzymes responsible for insecticide resistance (Ishaaya and casida, 1980).  

In conclusion the increase in alkaline phosphatase in larvae of T. castaneum 

treated with insecticides bearing novel modes of action suggest that this enzyme  

plays a significant role in detoxification of such insecticides.  

 

4. 11. Acetylcholinesterase and resistance 

 

Acetylcholinesterase (AChE) is a key enzyme catalyzing the hydrolysis of the 

neurotransmitter acetylcholine in the nervous system, thereby ending transmission of 

nerve impulses at cholinergic synapses (Smallman and Mansingh, 1969). In insects, 

AChE is the only cholinesterase (Toutant, 1989). Quantitative and qualitative changes 

in AChE confer resistance to insecticides (Fournier et al., 1992, 1993).  

 Our results revealed that activity of AChE was elevated significantly in both 

deltamethrin susceptible and resistant larvae of T. castaneum after the treatment of 

every insecticide under study. Our findings are in complete agreement with that of 
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Dahi et al. (2009) who conducted biochemical studies of methylamine avermectin 

against laboratory, semi field and field strains of cotton leafworm, Spodoptera 

littoralis and concluded that activities of trehalase, invertase and acetylcholineesterase 

were increased in all treatments. They also referred the increase of AChE due to the 

new mode of action of avermectin that has a cholinergic role. Salgado (1997) 

demonstrated that the receptors do so by mimicing the action of acetylcholine at its 

binding site.  

Similarly, Nedal and Dahi (2009) reported marked induction of AChE in two 

field-collected strains of cotton leafworm, Spodoptera littoralis after the treatment of 

spinetoram. Terriere, (1984) stated that such increase in enzyme activities has been 

shown to protect insects from insecticide poisoning as part of defense mechanism.  

Saleem et al., (1998) reported that the increased activities of esterase enzymes of T. 

castaneum adults after cypermethrin treatment may be due to decreased body weight 

and defend against insecticide stress conditions and / or increase the energy 

production. 

The esterase hydrolyses insecticides very slowly, but in highly resistant strains 

the enzyme accounts for 12% of the total soluble protein (Mouches et al., 1986). The 

esterase abundance apparently protects the insects by binding and sequestering 

insecticides rather than by rapid hydrolysis. The putative mechanism involves a gene 

amplification that results in an induction of an esterase in resistant insects (Mouches 

et al., 1986; Field et al., 1988). 

 

4. 12. Synergism and resistance 

 

Studies for the role of different synergists to enhance the toxicity of several 

insecticidal groups are not new. The effects of PBO in combination with several 

insecticides were studied by Bengston et al (1983) and Hadaway et al (1962). Hewlett 

(1968) investigated the mechanism of synergism in insecticides. Scientists have been 

trying to work out the scientific basis of synergism. Sun and Jhonson (1960) stated 

that the insect is able to metabolize some or most of the insecticides to either non-

toxic or least toxic compounds in the absence of synergist. Synergists reduce 

metabolism and thus a greater portion of insecticides exert it’s toxic effect. Dyte and 

Rowlands (1970) studied the effects of insecticide synergist on the potency and 

metabolism of bromophos and fenitrothion on T. castaneum. The site of detoxification 
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and activation appears in general to be separate and thus the synergism does not 

depend on knowledge of the mode of toxic action of insecticides. Synergists inhibit 

the enzymes responsible for toxicants degradation. (Hewlett 1960 and Metcalf 1967) 

The effect of PBO on the toxicity of insects has been studied by several 

investigators. It is now generally recognized that PBO produces synergistic effect by 

inhibiting the detoxification enzymes within the insect body (Casida 1970; Benke & 

Wilkinson, 1971; Jao & Casida, 1974; Davenport & Wright, 1985). 

Not much research has been conducted in the past to enhance the toxicity of 

insecticides bearing novel modes of action. Our results revealed the synergistic effect 

of PBO either in 1:2 or 1:4 ratios when mixed with insecticides bearing novel modes 

of action against 6th instar larvae of deltamethrin susceptible and resistant strains of T. 

castaneum.  Our findings are in full agreement with that of Dyte and Rowland (1967) 

who reported that higher mortality of T. castaneum was observed in combined doses 

of insecticides and synergist like PBO in comparasion with the mortality due to 

individual action of chemicals. The results are also similar to Ishaaya et al. (1983) 

who reported higher mortality of T. castaneum with insecticides when mixed with 

PBO in comparison with insecticide used alone. Mondal (1990) observed the same 

results using insecticides and synergist on T. castaneum. Khalequzzaman and Islam 

(1992) also reported similar results using insecticide (methacrifos) and synergist (leaf 

and seed extract) of Datura metal against the same insect. Arthur (2002) proved that 

ethiprole applied alone or in combination with either, PBO synergist plus deltamethrin 

would effectively control rice weevils in stored wheat and maize weevils in stored 

corn and prevent progeny development of the red flour beetle. Zhu et al. (2010) 

proved the suppression of resistane by PBO against deltamethrin in T. castaneum and 

suggested that the cytochrome P450-mediated detoxification is the major mechanism 

involved in deltamethrin resistance in the QTC 279 strain (Collins, 1990). 
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