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Introduction 
It is well known that the global population is 

continuously increasing. The global population was 7 
billion in 2010 but is expected to reach 9 billion in 
2045.(1) The population increase is even steeper in 
India. Indian population is currently 1.4 billion and is 
projected to exceed 1.5 billion in 2050.(2) To feed a 
continuously increasing population, an increase in food 
grain and crop production is necessary. Intense efforts 
have to be made to increase production of food grains 
seasonally. The agricultural sector contributes a major 
share (22.19%) to the gross value added (GVA) of the 
GDP of the country (46.4 lakh crore). So, an increase in 

agricultural production will also give a boost to the 
economy of our country.  

Insecticides have been used for a long time to 
reduce crop losses, and many types of insecticides have 
been used in the agricultural industry by almost all 
types of farmers. The indiscriminate and frequent use of 
insecticides has resulted in soil and water pollution. 
This is mainly due to agricultural runoff. If humans are 
overexposed to these chemicals, they suffer from 
several ill effects, primarily because most of the 
insecticides used are organophosphates, which are 
acetylcholinesterase inhibitors. As such, they hinder 
nerve impulse transmission, and the target has to suffer 
the consequences. Therefore, it was thought beneficial 
to study their toxicity on human peripheral blood 
lymphocytes in vitro. Some organic insecticides are 
reportedly less toxic, so in this study, the cytotoxicity of 
the chemical insecticides has been compared with that 
of Neem oil nano-particle emulsion and Dashparni Ark. 

Profenofos  
Organophosphates are the most widely used 

group of pesticides globally. Profenofos is a very 
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must be boosted by adding adequate fertilisers and using appropriate insecticides. Organophosphates are one of the 
most frequently used insecticides. Their overuse leads to the contamination by agricultural runoff. The insecticides 
may enter drinking water as well. Since organophosphates are acetylcholinesterase inhibitors, they can be dangerous 
for human health. Hence, a toxicity study by MTT and Trypan Blue Assay of three common insecticides 
(Imidacloprid, Profenofos, Dichlorvos) and two natural products (Dashparnik ark and Neem oil) on lymphocytes was 
taken up. It was found that at 4 hours of incubation at 1mM Imidacloprid showed the greatest drop in viability 
followed by Dichlorvos and the least harm was caused by Profenofos. For 18 hours of incubation, the same trend was 
observed, but the decrease and increase were more pronounced. In the case of Profenofos and Dichlorvos the viability 
percent rises above that of the control. It was probably due to the defense mechanism involving the P450 
detoxification pathway of the cells. The damage to the cells was of lesser magnitude when organic insecticides were 
used. Neem nano-drop emulsion showed a significant fall in viability at 2mg/ml. Dashparnik ark produced very little 
damage, but at higher concentration it boosted the viability. Apparently, the extract of leaves fermented in cow urine 
and cow dung was less damaging than that of other insecticides. Thus, organic insecticides are safer to use because 
they are ecofriendly and do not harm non-target organisms.
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commonly used organophosphate insecticide for fruit 
and vegetable crops as well as feed crops. According to 
WHO classification, it is put in the moderately 
hazardous category (Toxicity class II) and its residues 
have been found in Okra, Curry leaves, Coriander and 
Mint. When it is sprayed in fields, it spreads in the air 
and water also. Dietary intake in humans is common. 
Many bacterial strains degrade Profenofos, but no 
complete biodegradation pathway has been discovered 
for Profenofos. It causes neuro toxicity to vertebrates 
and macro invertebrates. In humans exposed to 
Profenofos, chromosomal aberration, necrosis and 
apoptosis may occur.(3)  

Dichlorvos  
Dichlorvos, often written as DDVP, is an 

organophosphate insecticide extensively used to control 
household pests and also protects stored products from 
insects. Since it is now known that it is toxic to many 
more organisms besides insects and its reach is 
extensive as it causes water pollution, the insecticide 
has reportedly been banned in European countries since 
1998. However, it is used by farmers in India. It is 
effective against caterpillars, thrips, aphids in 
horticultural and field crops. Milling & Grain handling 
industries also use it. It is also used in pet flea collars. 
Like other organophosphate insecticides, it blocks the 
enzyme acetylcholinesterase, which inhibits nerve 
impulse transmission in insects. It is now known that it 
causes DNA damage in insects.(4) 

It causes symptoms like weakness, tightness 
feeling in chest, nausea, vomiting and even cardiac 
arrhythmia in humans after prolonged exposure. In 
humans, some workers have reported that it effects 
DNA growth and it interferes with the human nervous 
system.(4) The lethal dose on rats is reported to be 
17mg/kg in rat (30-110 mg/kg).(5) 

Imidacloprid 
Imidacloprid is a systemic, neonicotinoid 

insecticide. It blocks the nitcotinergic neuronal pathway, 
so transmission of nerve impulses is blocked in insects 
resulting in the paralysis and probably the death of the 
insects. Its binding is very strong in insect neurons but 
less in mammals, so its toxicity is also less in mammals. 
It is also used for Termite control apart from pests of 
crops and also tree injection and protection against 
boring insects. It is highly soluble in water, so the 
chance of its being the cause of pollution by runoff 
water is great, but it undergoes photolysis in water 
rapidly (half-life: 1-3 yrs).  The health risk of 
Imidacloprid was found to be below 1 as worked by 
some workers.(6) An analysis of Imidacloprid residues 
in food showed that of the samples analysed, 2% of the 
fruit samples, 5.7% of the vegetables samples and 3% 
of cereal samples showed Imidacloprid residues above 
the maximal limit. However, they do not pose a health 
hazard if the amount ingested is calculated according to 
daily intake.(7) Several pharmacological studies on 
Imidacloprid have been taken up.Tolerance for 
imidacloprid residue in food (in eggs) is 0.02ppm.(8)   

Neem Oil 
Neem 

Neem leaves have several therapeutic uses. These 
are used for their anti-inflammatory and anti-oxidant in 
traditional medicine.(9) Aqueous Neem extract is 
reported to increase the lymphocyte count in rats when 
fed for 10 weeks.(10) Its seed oil at a dose of 2ml/kg 
body weight showed 53.12% inhibition of edema in 
rats.(11) 

Neem Oil 
The triglyceride constituents found in the Neem 

seeds are the most extensively studied triterpenoids in 
Neem Oil. The azadirachtin is 300 to over 200 ppm 
depending on the quality and type of seeds and the 
method of extraction. Azadirachtin protects crops from 
pests. It is a well-known fact that chemical insecticides 
or pesticides which are extensively used for crop 
protection have a detrimental effect on the environment. 
As a result, in many western countries the use of many 
of these has been banned and people are switching to 
the use of pesticides of biological origin which stop the 
insects from causing much harm to the crops but at the 
same time are not very harmful to the environment. 

The main const i tuent of Neem Oi l is 
Azadirachtin. It is the most well-known triterpenoid in 
Neem oil. Nimbin is another triterpenoid due to which 
Neem oil has antiseptic, antihistamine and antifungal 
properties. Neem oil also contains several steroids such 
as stigmasterol, campastrol, etc. Azadirachtin is an 
ecdysone (the molding hormone of insects) blocker so it 
interferes with their growth and metamorphosis. It is a 
feeding deterrent for insects. It is an effective 
insecticide used against common crop and horticultural 
pests such as aphids, thrips, beetles, gnats. Insecticidal 
effects of Neem oils were observed in Sudan on pests of 
stored grains.(12) Bio-pesticidal properties of Neem oil 
was studied by Agbo et al 2019.(13) 

For the present investigation nano emulsion of 
Neem was used to test its effect on viability of cultured 
human lymphocytes in vitro as it is an improved drug 
delivery system. This is due to its greater bioavailability 
and higher physical stability. The improved bio 
accessibility is due to the greater surface area and lower 
surface tension due to nano drops. They can also be 
used as a substitute for liposomes. 

Dashparni Ark, pest and insect repellant 
It is an insecticide spray made with plant extracts 

and fermented in native cow urine and cow dung. As it 
is a completely natural plant- based product and 
contains no chemicals, apparently it is completely 
ecofriendly. For use as a spray, 200ml is mixed in 10 
litres of water and the spraying is repeated once in 
every 10 days or a fortnight. It controls various types of 
sucking insects such as jassids and aphids. 2kg each of 
the leaves of Karanja, Dhatura, Papaya, Tulsi, 
Marigold, Bael, Oleander and Neem are added to 200 
litres of water and mixed. On the second day, 5kg each 
of crushed Tobacco leaves, Garlic, crushed Turmeric 
and Chilli, Dry Ginger and 10kg cow urine, 2kg cow 
dung are added and placed in shade for 40 days with 
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stirring. This solution can be used after filtration for 6 
months and sprayed at 5-8 litre in 200 litre water/acre 
land.(14) 

According to some authors, 2kg each of Lantana 
camara (L.), Jatropha curcas (L.) (Ratanjot), Tinospora 
cordifolia (thumb.) (Giloy) and castor leaves can also be 
used and chilli, tobacco, garlic and turmeric can be 
mixed.  2.5 litre in 200 litre for one acre is used for 
spray.(15) 

It is well known that the leaves of Tulsi and Neem 
possess insecticidal properties. Oil from Karanja leaves 
(Pongamia pinnata (L.)) inhibits the growth of all 
stages of insects. It serves as a natural pest repellent 
especially against aphids. Dhatura has been found to 
have fumigant properties. They have been found to be 
of high value against storage grain pest like beetles. It is 
especially active against Callosobronchus.(16) Tobacco 
leaf extract is a natural pesticide which inhibits the 
growth of the insects and kills them also. It is effective 
against Colorado potato beetle and 11 types of fungi. 
The concentrated emulsion extract was found to be 
effective against aphids and other insects of the field.
(17) Oleander leaves are also used widely in pest 
control. The extract contains metabolites of terpenoids 
which are effective for insect control.  

Cow urine is very useful to control the pests in 
crops and field. It contains traces of metals and non-
metals such as zinc, potassium, copper, iron and 
sulphur. It is a cheap and effective alternative to 
chemical pesticides and it is especially active against 
aphids. Besides, it also acts as a urea supplement for 
plants and improves the insect resistance power of the 
plants. Cow dung is traditional manure and among its 
many uses it is a great substitute for pesticides because 
it contains substances that are rich in antibacterial 
properties.  

The toxic effects of inorganic insecticides on 
human have been reported by many workers. Hence this 
study was designed to investigate the in vitro 
cytotoxicity of organophosphate insecticides 
(Imidacloprid, Profenofos, Dichlorvos) and natural 
products (Neem oil and Dashparni ark) on human 
peripheral lymphocytes using MTT and Trypan blue 
assay to find an alternate to the inorganic insecticides. 
  

Materials and Methods 
Imidacloprid 
Chemical Formula: C9H10ClN5O2 
Molecular weight: 255.66g 

Usually for most insects 1L is diluted in 500-700 
lit water for spraying. The concentrations of 1mM, 
4mM, 8mM and 12mM were taken up for study because 
the cytotoxicity of various forms of Imdiacloprid to 
human lymphocytes as checked by Trypan blue assay 
was found to range from 1.7x10-3 M to 2.0x10-3 M.(18) . 

Profex (Manufactured by: N.A.C.L Industries Limited, 
Hyderabad, Andhra Pradesh) 

It has 40% Profenofos w/w and cypermethrin 4% 
w/w along with dodecyl benzene sulphonic acid 
(calcium salt, Soyabean oil and solvent in appropriate 
concentrations to make it is sprayable emulsion). 

Structural Formula (Profenofos) 
Chemical Formula: C11H15BrClO3PS 
Molecular weight: 373.63g 

P r o f e n o f o s i s a n i n s e c t i c i d e o f t h e 
organophosphate category. It is a pale-yellow liquid 
with an odour of garlic.  

Dichlorvos (Manufactured by Insecticides (India) 
limited, Alwar, Rajasthan) 

Dichlorvos (83.0%) w/w contained xylene, 
triethanolamine, methylene blue and emulsifier 
Chemical Formula: C4H7Cl2O4P 
Molecular Weight: 220.97gm 

Preparation of Solutions 
The 1mM, 4mM, 8mM and 12mM solutions of 

Imidacloprid, Dichlorvos and Profenofos were made in 
distilled water by adding appropriate concentrations 
depending upon their molecular weight. For instance, 
25.5mg of Imidacloprid was dissolved in 10ml distilled 
water to give 1mM solution (molecular weight: 255.6g), 
3.73mg of Profenofos in 10ml distilled water give a 
1mM solution (molecular weight: 373.63g), for 
Dichlorvos (molecular weight: 220.97g), 2.20mg in 
10ml give 1mM solution. The 4mM, 8mM and 12mM 
concentrations were made after adding appropriately 
calculated amounts in 10ml distilled water.  

Neem Oil Nano emulsion 
An emulsion of Neem oil was made by adding 

Tween 20 and distilled water in the ratio of 1:3. To 
100ml of this was added 100mg of Neem oil to give a 
1.0 mg/ml emulsion, 120mg of Neem oil was added 
100ml of tween and water mixture to give 1.2mg/ml 
emulsion, similarly 150mg, 170mg and 200mg of Neem 
oil were added to give 1.5mg/ml, 17.7mg/ml and 
2.0mg/ml emulsion. 100ml of each of these solutions 
were subjected to ultrasonic vibrations in Rivotek 
ultrasonicator and sonicated for 30 seconds, the 
duration of each cycle was 15 seconds. The size of 
nanoparticles was between 30-70 nm and they are 
reportedly stable for many months/years.(19) 

Dashparni Ark  
Dashparni Ark was filtered and used. As it is 

sprayed @200ml in 10ml of water, solutions of 20µl, 
10µl and 5µl were made in 1ml of sterile distilled water 
for each solution. All the solutions were prepared in the 
lab under aseptic conditions. 

Lymphocyte Separation 
Three ml of blood from a voluntary healthy 

young female donor was obtained after pre-information 
and consent. It was diluted with an equal amount of 1X 
PBS and layered over 3ml LSM (Hi Media) and 
centrifuged to separate the WBC layer. This was 
collected, washed with PBS twice and the cells were 
counted in a Neubauer’s chamber as followed by 
khanna et al.22 The cell suspension so obtained was 
appropriately diluted with cell culture medium 199(Hi 
Media), so  that the final count was 2.45 x 104 cells/ml.  
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MTT Assay for proliferation 
Basically, the method of Mossmann et al (20), 

Barnabé (21) and khanna et al (22) was followed. The 
y e l l o w t e t r a z o l i u m M T T ( 3 - ( 4 , 5 -
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) is 
reduced by living cells by the action of mitochondrial 
enzymes such as succinate dehydrogenase to produce 
such compounds as NADH and NADPH resulting in the 
formation of purple formazan crystals inside the cells. 
The cells are then treated with DMSO or other organic 
solvents so that they release the purple compound. The 
OD is then read spectrophotometrically in an ELISA 
plate reader at 570-600nm. The amount of purple 
pigment formed is directly proportional to the number of 
living cells and therefore serves as a proliferation index.  

Procedure of MTT Assay for this investigation  
The proliferation/viability assay was conducted in 

96 wells plates which were loaded with test solution, 
cells and media. Some wells contained cells and media 
which acted as controls while others had cells + media 
(180µl) + 20µl of appropriate concentrations of the 
insecticides / Dashparni ark / Neem oil emulsion. Some 
wells had only 20µl of these test solutions + 180µl of 
distilled water, for the determination of OD of only the 
test solutions. After loading the plate, it was kept for 4 
hours in a humid incubator at 37°C. Then 20µl of MTT 
(5mg/ml in PBS) was added to each well and again the 
plate was incubated for 2 hours. Then 100µl of DMSO 
was added to each well and the plate was left for 
development of purple color in the incubator for 1 hour, 
after which the OD readings were taken in the ELISA 
plate reader at 600nm. The OD obtained for control wells 
was taken as 100% viability (for both 4 and 18 hours 
exposure) and the results of the treatments in terms of 
OD were expressed as % viability compared to the 100% 
viability of the control. Basically, the same procedure 
was repeated for 18 hours exposure. The results were 
subjected to statistical analysis using two-way ANOVA 
and students ‘t’ test.  

Trypan Blue Assay      
Trypan blue assay is a rapid method to determine 

the number of living and dead cells present in a sample. 
When trypan blue dye is administrated in a sample of 
cells, the living cells, because they possess a complete 
and an undamaged cell membrane, do not take the colour 
of dye and remain white or colourless, however, the dead 
cells, because their cell membrane may be damaged, take 
up the colour of the dye and become blue, the procedure 
followed was that of Strober.(23) This test was performed 
for lymphocytes exposed to different concentrations of 
the insecticides for 45 min. in microtiter plate wells and 
their viability was compared to the relevant controls. 
Viability was calculated according to the formula given.  

 
Results 

Table 1 shows that 4 hours incubation to 
Imidacloprid showed the maximum fall in viability at 

concentration of 1mM but the viability % shows an 
increase as the concentration of Imidacloprid increases, 
until it picks up to reach 75.15±3.43 at 12mM. 
Exposure to Dichlorovos for the same time period also 
shows the same trend of an initial steep fall in viability 
%, which picks up at 12mM to 95.55± 6.19. However, 
in the case of Profenofos, the initial fall very little, but 
the decrease in viability % increases with increasing 
concentration of the drug. The two-way ANOVA 
analysis of 4 hours exposure results show significant 
variations between treatments with different chemical 
insecticides (p<0.01). However, the variations within 
replicates were insignificant.  

Table 1: The viability % of cells exposed to various 
concentrations of Imidacloprid, Profenofos and 

Dichlorvos for 4 hours 

For 18 hrs of exposure (Table 2) there was initial 
fall in viability at 1mM in all the three insecticides 
tested, (greater than that observed at 4 hrs) was 
followed by a rise in viability at higher concentrations. 
However, for Profenofos and Dichlorovos the highest 
values reached were greater than 100 % viability 
(control value). The two-way ANOVA analysis shows 
that the variation between treatments and between 
replicates is significant at 18 hours. 

Table 2: The viability % of cells exposed to various 
concentrations of Imidacloprid, Profenofos and 

Dichlorvos for 18 hours 

Comparative values of viability at 4 & 18 hrs of 
exposure for the three insecticides 

It is evident (Figure 1A, 1B, 1C) that for each 
insecticide the initial fall in viability at 1mM is greater 
at 18 hrs than at 4 hrs of exposure, but at higher 
concentrations the viability picks up. At 12mM, in 
Imidacloprid the viability is equal to the value at 4mM, 
but still less than the controls, in Profenofos it reaches 
above the control values. This trend is even more 
marked in Dichlorovos where the final viability % value 
at 12mM reaches 124.22(at 18 hrs).  

Average Viability % ± SD (For 4 hours)
Concentrations Imidacloprid Profenofos Dichlorvos

Control 100 ± 10.15 100 ± 10.15 100 ± 10.15
1mM 59.16 ± 5.36** 91.71 ± 6.54 76.98 ± 7.26*
4mM 63.46 ± 4.55** 88.59 ± 7.32 84.72 ± 7.72
8mM 65.11 ± 4.05** 82.93± 7.49* 86.73 ± 8.24
12mM 75.15 ± 3.43* 80.49 ± 6.19* 95.94 ± 6.19

* significance (p<0.05),** significance (p<0.001)

Average viability % ± SD (For 18 Hours)
Concentrations Imidacloprid Profenofos Dichlorvos

Control 100 ± 8.56 100 ± 8.56 100 ± 8.56
1mM 48.73± 7.10** 72.63 ± 6.70* 75.12 ± 7.14*
4mM 65.62± 9.74* 80.2 ± 9.75 79.18 ± 7.39
8mM 70.09 ± 8.77* 86.75 ± 7.11 85.5 ± 7.01*
12mM 76.09 ± 7.43* 103.32 ± 7.18 124.22 ± 7.65*

* significance (p<0.01), ** significance (p<0.001)
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Dashparni Ark at 18 hours exposure  
An increase in viability was evident at all 

concentrations. At 5 µl of the dashparni ark/ml of 
distilled water, it reached 127.68 ± 5.23 (significant at 
p<0.01). It again fell to 108.07 ± 5.40 at 20µl but the 
change was non-significant. So, in general Dashparni 
Ark is less toxic to cells and should be put to greater 
use. (Table 3). 

At 4 hours exposure (Figure 2) in Dashparni Ark, 
the viability decreased at 5µl and 10µl / ml of distilled 
water but at 20µl /ml of distilled water, the viability 
increased above the control level. The changes at 5 µl 
(at 4 hrs) and 10µl (18 hrs) were statistically significant. 

Table 3: The viability % of lymphocytes exposed to 
various concentrations of Dashparni Ark for 18 hours 

Neem nano emulsion 
In case of exposure of the cells to the various 

concentrations of Neem nano drop emulsion for 4 hours 
(Figure 3), a significant drop in viability was observed 
in all concentrations. This decrease was the greatest at 
1.0mg/ml where the value recorded was 41.55 ± 7.7, but 
the viability gradually increased to 67.33 ± 4.41 at 
1.5mg/ml. 1.7mg/ml was again toxic and the viability 
fell to 61.24 ± 4.32. 

At 18 hours (Figure 3) exposure the values of 
viability showed an initial depression at 1.0mg/ml 
distilled water (significant at p<0.01) but at higher 
concentration the viability increased reaching a 

maximum of 116.70 ± 8.97 at 1.5mg/ml distilled water. 
However, the increase was not statistically significant. 
At 2.0mg/ml of distilled water, apparently the 
concentration became toxic to the cells and the viability 
decreased significantly to 66.40 ± 4.61.  

The two-way ANOVA analysis of 4 hours 
exposure results show significant variations between 
treatments with different chemical insecticides, 
(p<0.01). 

At 18 hours exposure it was found to have greater 
boosting effect for viability than that found in 4 hours 
exposures.  
  

Figure 1: Comparative values of viability at 4 & 18 hrs of exposure for the three insecticides

Figure 1(A) –Comparative viability of 
lymphocytes exposed to Imidacloprid 

for 4 and 18 hours

Figure 1(B) –Comparative viability of 
lymphocytes exposed to Profenofos for 

4 and 18 hours

Figure 1(C) –Comparative viability of 
lymphocytes exposed to Dichlorvos for 

4 and 18 hours

Concentration  
(/ml dw)

Average viability % ± SD  
(For 18 Hours)

Control 100 ±  8.56
5µl 102.21 ± 4.66
10µl 127.68 ± 5.23*
20µl 108.07 ± 5.40

* significance (p<0.01)

Figure 2: Comparative viability of 
lymphocytes exposed to Dashparni ark 

for 4 and 18 hours

Figure 3: Comparative viability of 
lymphocytes exposed to  Neem Oil 
Emulsion for 4 and 18 hours

Figure 4: Comparative values of 
viability of cells exposed to various 
concentrations of Imidacloprid, 
Profenofos and Dichlorvos by Trypan 
blue assessment test.
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Trypan blue viability test 
This was also applied to lymphocytes exposed to 

4mM, 8mM and 12mM of the three inorganic 
insecticides for 45 minutes and the values were 
compared to control readings taken at beginning of 
experiment. All readings were taken in triplicate. 

In the case of Imidacloprid, the viability 
increased significantly as compared to the controls and 
all the three concentrations. Profenofos treatment 
revealed an initial non-significant increase at 4mM 
exposure, but at higher concentrations a significant drop 
was observed. Dichlorvos treatment showed a 
significant drop in viability at all the three 
concentrations tested (Figure 4) 

In the case of Neem nano emulsion, the trypan 
blue viability falls at three concentrations tested (1.2, 
1.7 and 2.0 mg/ml). The decrease is significant at all 
concentrations except the first one (Figure 5). 
  
Figure 5 - Viability of cells exposed to various 
concentrations of Neem oil nano emulsion and 
Dashparni ark by Trypan blue assessment test

 
In Dashparni Ark, the viability decreased at 5 and 

10mg/ml distilled water but at 20mg/ml distilled water, 
the viability increased above the control level. All the 
changes were statistically significant (Figure 5). 
  
Discussion 

The treatments of lymphocytes by 1mM, 4mM, 
8mM and 12mM concentrations of the insecticides for 4 
hours shows a significant decrease in viability as 
compared to the control values. The decrease is more 
evident at lower concentrations but the viability values 
pick up at 8mM and 12mM. After 18 hours exposure, 
the fall is greater in every concentration probably 
because cells had more time to interact with their 
environment. Calderon – Segura et al(18) worked on 
trypan blue viability of several variants of Imidacloprid 
and found it to be toxic to lymphocytes in 
concentrations of 1.7 x 10-3 M to 2.0 x 10-3 M which are 
near to the concentrations we tested. Such results are 
supported by the work of Kapoor et al (24) who studied 
the effect of Imidacloprid on lipid peroxidation and 
antioxidant enzymes in rats. They concluded that 
Imidacloprid generates oxidative stress and induces 
changes at higher concentrations (5 and 10mg/day for 
90 days) and not at lower ones. Perhaps the faster 
recovery of cells exposed to higher concentrations of 
drugs can be explained by the boosting effect on the 
expression of genes (such as CYP4C62, CYP4G15, 
GST1 and CYP303A1) regulating the cytochrome p450 
detoxification pathway under these conditions. These 
genes were found to be expressed more frequently in 

Imidacloprid resistant insects.(25) Such findings are 
also supported by the work of Tripathi et al (26), who 
worked on the effect of Monocrotophos in the induction 
of cytochrome P450 enzymes in cultured rat brain cells. 
They found a time dependent increase in CYP2E1 – 
dependent NDMA – d, CYP2B – dependent PROD, 
when the cultured glial cells were exposed to 10-5M of 
Monocrotophos. Time and dose dependent changes in 
striatal acetylcholine levels were studied in rats by 
Karanth, S et al (27).The animals were treated with 
chlorpyrifos (84,156 or 279 mg/kg) and were subjected 
to microdialysis conducted at 1,4 and 7 days after 
chlorpyrifos exposure for measurement of acetylcholine 
levels in striatum. Maximal increases in stratal 
acetylcholine levels were observed in rats receiving the 
maximum dose of the insecticide (279 mg/kg, 35 to 57 
fold increase) increase was lesser at lower 
concentrations. Even higher cholinesterase levels were 
observed when an exogenous cholinesterase inhibitor 
was included in the perfusion buffer. Thus, the brain 
cells of the stratum respond with greater viability to 
produce higher amounts of cholinesterase (which is 
inhibited by the organophosphate) / acetylcholine at 
higher levels of exposure to chlorpyrifos. Thus, the 
work done by Kapoor et al (24), Fajun Tian et al (25), 
Tripathi et al (26) and Karanth, S et al (27) shows 
results which are parallel to our findings of increased 
viability of the cells at exposures to higher 
concentrations of the insecticides.     

The IC50 of dichlorovos in HCT 116 (human 
colon carcinoma cells) was found to be 300 µM for 24 
hours treatment.(28) The effect of Dichlorvos was 
studied on human lymphocytes by Dean, B. J et al (29) 
and he found that Dichlorvos had a cytotoxic effect on 
the cells at concentrations of 5 to 40µg/ml, but no 
significant cytogenetic changes were observed. It was 
observed by Perocco Paolo and Fini Angela (4) that it 
damages human lymphocytes DNA causing low DNA 
repair synthesis and it interferes with the process of 
reparative synthesis of DNA in lymphocytes exposed to 
UV rays. The cytotoxicity and genotoxicity of pesticide 
mixtures on lymphocytes was studied by Asma Sultana 
Shaik et al (30) and Prabhavathy et al (31) using 
chromosomal aberration test and comet test. The LC50 
value for Profenofos alone was found to be 3.50µM 
(31) (which was near to the concentration used by us) 
and when used in combination with chlorpyrifos and 
endosulfan it was 1.8 and 2.0µM respectively. These 
values were lower than those used in this study but then 
their assay system was different. Thus, in general, in 
chemical insecticides the viability falls initially in these 
treatments but the values pick up as the concentration of 
the insecticide increases. These effects were more 
pronounced at 18 hours exposure.  

Dashparni Ark for 18 hours seems to stimulate 
the proliferation at all concentrations. So, this extract of 
ten types of leaves fermented in cow dung and cow 
urine is a very eco-friendly, harmless insecticide which 
should be put to greater use by the farmers. For Neem 
Oil, this investigation has revealed that 1.5mg/ml 
exposure has a maximum beneficiary boosting effect on 
the viability of cell, but it was toxic at 2mg/ml.  
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However, Neem oil is not sprayed in form of nano drops 
so there is little cause for harm to the cells of sprayer. 
Work done on the effect of cypermethrin and Neem 
aqueous extract on lymphocytes by Khanna, A. et al 
(32) showed that aqueous Neem extract increases the 
viability of lymphocytes up to 196%. So, Neem extract 
was shown to promote viability of the cells. Thus, the 
application of organic insecticides seems to be a much 
safer alternative to the inorganic organophosphate 
insecticides tested in this investigation. The use of 
organic insecticides should be encouraged and the 
inorganic ones should be used with caution. 
                 
Conclusion 

The Neem extract was shown to promote viability 
of the cells while Dashparnik ark produced very little 
damage, but at higher concentration it boosted the 
viability. Thus, the application of organic insecticides 
seems to be a much safer alternative to the inorganic 
organophosphate insect ic ides tes ted in this 
investigation. The use of organic insecticides should be 
encouraged and the inorganic ones should be used with 
caution, within safe limits and should be used when 
absolutely necessary. 

References  
1. Van BJ. The World Population Explosion: Causes, 

Backgrounds and Projections for the future. Facts, 
Views & Vision in ObGyn. 2013;5(4):281-291.

2. Cassen R, Visaria P. India: looking ahead to one and 
a half billion people. BMJ.2000 ;320(7226):30. doi: 
10.1136/bmj.319.7215.995. Erratum in: BMJ 2000 
Jan 1;320(7226):30. PMID: 10514170; PMCID: 
PMC1116811. 

3. Eddleston M, Worek F, Eyer P, Thiermann H, Von 
Meyer L, Jeganthan K, Sheriff M HR, Dawson AH, 
Buckley NA. Poisoning with the S-Alkyl 
organophosphorus insecticides profenofos and 
prothiofos. QJM. 2009;102 (11): 785–92. doi: 
10.1093/qjmed/hcp119.   

4. Perocco P, Fini A.  Damage by Dichlorvos of 
Human Lymphocyte DNA. Tumori .1980; 
66(4):425-30. doi: 10.1177/030089168006600403. 

5. Chan C, Huff J, Haseman JK, Alison R, Prejean JD. 
Carcinogenesis Studies of Dichlorvos in Fischer 
Rats and B6C3F1 Mice. Jpn J Cancer Res. 1991; 
82(2). doi: 10.1111/j.1349-7006.1991.tb01823.x.

6. Khan N, Yaqub G, Hafeez T, Tariq M. Assessment 
of Health Risk due to Pesticide Residues in Fruits, 
Vegetables, Soil, and Water. Journal of Chemistry, 
2 0 2 0 ; 2 0 2 0 : 1 - 7 h t t p s : / / d o i . o r g /
10.1155/2020/5497952 

7.  Kapoor U, Shrivastava MK, Shrivastava AK, Patel 
DK, Garg V, Shrivastava LP. Analysis of 
Imidacloprid Residues in fruits, vegetables, cereals, 
fruit juices, and baby foods, and daily intake 
estimation in and around Lucknow, India. 
Environmental Toxicology and Chemistry.2013; 32 
(3): 723–727. doi: 10.1002/etc.2104. PMID: 
23258764.

8. Code of Federal Regulations; Imidacloprid 
tolerance for residues. Tolerance and exemption for 
pesticide   chemical residues in food. 2018;26. 
https://www.govinfo.gov/content/pkg/CFR-2018-
ti t le40-vol26/xml/CFR-2018-ti t le40-vol26-
sec180-472.xml 

9. Yadav DK, Bharitkar YP, Chatterjee K, Ghosh M, 
Mondal NB, Swarnaka S. Importance of Neem 
Leaf: An insight into its role in combating diseases. 
Indian J Exp Biol. 2016;54(11):708-18.

10. Parshad O, Singh P, Gardner M, Fletcher C, 
Rickards E, Choo-Kang E.  Effect of aqueous Neem 
(Azadirachta indica) extract on testosterone and 
other blood constituents in male rats. A pilot study. 
West Indian Med J.1994;43(3):71-4.

11. Islas JF, Ezeiza A, Zuca GB, Juan LDG, María 
GMT, Bruno E, Jorge EMC. An overview of Neem 
(Azadirachta indica) and its potential impact on 
health. Journal of Functional Foods.2020;74. 
https://doi.org/10.1016/j.jff.2020.104171 

12. Abdalla AS, Futuwi AI, Elamin. Insecticidal effects 
of Neem (Azadirachta indica A. juss) oils obtained 
from Neem berries stored at different periods. The 
Experiment. 2013;6 (2): 330-337.

13. Agbo BE, Abo N, Mathias A. Bio-pesticidal 
Properties of Neem (Azadirachta indica). Advances 
in Agricultural Sciences.2019; (1) :17-26.

14. Ganesan P. Pesticides - Dashparni Ark, Agriculture 
for Everybody. 2016.

15. Singh V. Control Pests attack organically by 
Dashparni Ark. Apni Kheti.2019.

16. Kovarikova K, Pavela R. United Forces of 
Botanical Oils: Efficacy of Neem and Karanja Oil 
against Colorado potato beetle under Laboratory 
Conditions. Plants.2019; (8):608. doi: 10.3390/
plants8120608.

17. Satti AA, Elamin, Futuwi AI. The Insecticidal 
effects of Neem (Azadirachta indica A. juss) oils 
obtained from Neem berries stored at different 
periods. The Experiment.2013; 6 (2): 330-337.

18. María E et al.  Evaluation of Genotoxic and 
Cytotoxic Effects in Human Peripheral Blood 
Lymphocytes Exposed In Vitro to Neonicotinoid 
Insecticides. Journal of Toxicology. 2012;2012:1-11 
doi: 10.1155/2012/612647.

19. Jerobin J, Makwana P, Suresh Kumar RS, 
S u n d e r m o o r t h y R , M u k h e r j e e A a n d 
Chandrasaekran N. Antibacterial activity of Neem 
nano emulsion and its toxicity assessment on 
h u m a n l y m p h o c y t e s i n v i t r o .  I n t J 
Nanomedicine.2015; 1(1):77-86.  doi: 10.2147/
IJN.S79983.

20. Mosmann T. Rapid Colorimetric Assay for Cellular 
Growth and Survival; Application to Proliferation 
and Cytotoxicity Assays. J Immune Methods.1983; 
(65):55-63. doi: 10.1016/0022-1759(83)90303-4. 

21. Barnabé M.  Cell Viability Assays: MTT Assay 
Application and Protocol. Quartzy.2017. 

22. Khanna A, Gautam DS, Jain SK. Tobacco Dust 
Induced Genotoxicity as an Occupational Hazard in 
Workers of Bidi Making Cottage Industry of 

822

http://ijam.co.in
https://pubmed.ncbi.nlm.nih.gov/?term=Chan%20PC%5BAuthor%5D
https://www.hindawi.com/journals/jt/





Asha Khanna et.al., Neem oil & Dashparni ark: A safer alternative to the inorganic organophosphate insecticides

Published online in http://ijam.co.in ISSN No: 0976-5921

Central India. Toxicol Int. 2014; 21(1): 18-23. doi: 
10.4103/0971-6580.128785. 

23. Strober W. Trypan Blue exclusion test of cell 
viability.Current Protocols in Immunology.2015; 
111(1). doi: 10.1002/0471142735.ima03bs111.

24. Kapoor U, Srivastava MK, Bhardwaj S, Srivastava 
LP. Effect of Imidacloprid on antioxidant enzymes 
and lipid peroxidation in female rats to derive its 
No Observed Effect Level (NOEL).  J.  Toxicol.  
Sci. 2010; 35(4):577-581. doi: 10.2131/jts.35.577. 

25. Tian F, Li C, Wang Z, Zeng X, Liu J. Identification 
of detoxification genes in imidacloprid-resistant 
Asian citrus psyllid (Hemiptera: Lividae) and their 
expression patterns under stress of eight 
insecticides. Manag Sci. 2019;75(5):1400-1410. 
doi: 10.1002/ps.5260. 

26. Tripathi VK, Kumar V, Singh AK, Kashyap MP, 
Jahan S, Kumar D, Lohani M. Differences in the 
Expression and Sensitivity of Cultured Rat Brain 
Neuronal and Glial Cells toward  Monocrotophos. 
Toxicology International.2013;20:177 – 185. doi: 
10.4103/0971-6580.117264. 

27. Karanth S, Liu J, Mirajkar N, Pope C. Effects of 
acute chlorpyr i fos exposure on in vivo 
acetylcholine accumulation in rat stratium. 

Toxicology and Applied Pharmcology. 2006; 216 
:150-156. 

28. Ben SI, Boussabbeh M, Bacha H, Abid S. 
Dichlorvos-induced toxicity in HCT116 cells: 
involvement of oxidative stress and apoptosis. 
Pestic Biochem Physiol. 2015;119:62-6. doi: 
10.1016/j.pestbp.2015.02.004. 

29. Dean BJ .The effect of dichlorvos on cultured 
human lymphocytes. Arch. Toxicol. 1972; 30: 75–
85. https://doi.org/10.1007/BF00605276 

30. Shaik AS. Evaluation of cytotoxicity and 
genotoxicity of pesticide mixtures on lymphocytes. 
Toxicol Mech Methods. 2016;26(8):588-594. doi: 
10.1080/15376516.2016.1218577  

31. Prabhavathy DG, Pasha SA, Jamil K. Cytotoxicity 
and genotoxicity induced by the pesticide 
profenofos on cultured human peripheral blood 
l y m p h o c y t e s . D r u g C h e m T o x i c o l . 
2 0 0 6 ; 2 9 ( 3 ) : 3 1 3 - 3 2 2 . 
doi:10.1080/01480540600653093 

32. Khanna A, Patel J, Tiwari B, Pagare S, Gautam DS, 
Ratoniya V. Cytotoxic effect of Cypermethrin and 
Neem extract on human lymphocytes. Biomedical 
and Pharmacology Journal. 2022; 15 (1) 523-530. 
Doi: https://dx.doi.org/10.13005/bpj/2393. 

*****

823

http://ijam.co.in

