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ABSTRACT 
Diazinon (DZN) is an organophosphate pesticide used widely in agriculture. Unexpectedly, the pure pesticide 
compounds are less toxic than its commercial formulations. Therefore, the present study aimed to compare between 
the commercial DZN formulation Basudin 60EM® and active ingredients forms of DZN to find the nontoxic 
form. Several groups of male mice were treated with different doses (1/40, 1/20, and 1/10 of LD50) of commercial 
formulation and active ingredients of DZN pesticide for 4 weeks. A quantitative Real-Time PCR (RT-PCR) was 
conducted to investigate the expression of TNF-α, p53, and Caspase-3 genes. Furthermore, the effect of both 
forms of DZN on intracellular Reactive Oxygen Species (ROS) generation and DNA damage was studied. The 
results showed that the TNF-α, p53, and Caspase-3 expression levels were increased in commercial formulation-
treated mice than those treated with active ingredient form. Moreover, the commercial formulation form was able 
to increase ROS generation and induce DNA damage much more than the active ingredient-treated mice. The 
results concluded that not only the organophosphates but also the other byproducts affect the cellular responses to 
cytokine and apoptotic elements through alteration in the mRNA expression by increasing the levels of free radical 
generation.

INTRODUCTION
There is a fact that various disorders in animals 

and humans are observed due to continuous exposure to 
pesticides. The commonly used pesticides in agriculture are the 
organophosphates, which are considered as neurotoxic agents 
and act as acetylcholinesterase inhibitors (Allison et al., 2004). 
Notably, as compared to organochlorine pesticides, they are less 
persistent and more toxic to mammals (Casas et al., 2010; Lopez 
et al., 1986). One of the thionophosphorous organophosphate 
groups is diazinon (DZN), namely, 0, 0-diethyl-0-(2-isopropyl-
4-methyl-6-pyrimidinyl phosphorothionate. DZN is the focal 
point of this study and has been used because of its effects on a 
variety of insects in farms and households (Cox, 2000). DZN is a 
colorless fluid and is mainly absorbed through the skin, inhalation, 

and ingestion resulting in chronic symptoms such as excessive 
salivary secretion, nausea, disorientation, headache, irritability, 
alertness, and diarrhea (Vettorazzi and Vettorazzi, 1975). DZN 
is degraded and rapidly excreted in several tissues such as the 
kidney and liver by hydrolysis and oxidation processes (Cantor 
et al., 1992). Based on several in vivo and in vitro studies, DZN 
showed some related toxicity, mortality, genotoxic and cytotoxic 
effects on animals (Ducolomb et al., 2009; Ogutch et al., 2006) 
and humans (Altamirano-Lozano et al., 1989; Hatjian et al., 2000; 
Satar et al., 2009; Sobti et al., 1982). Furthermore, its commercial 
formulation showed toxicity-induced failure in the fertilization of 
the ova in vitro and further development of the embryo (Ducolomb 
et al., 2009). On the other hand, some in vitro studies showed 
controversial results as it showed no effect on sister chromatid 
exchange and the low incidence of chromosomal aberrations 
was observed (Chen et al., 1981; Kuroda et al., 1992; Lopez et 
al., 1986) or there is no induction or a very weak increase in the 
number of micronucleated lymphocytes (Bianchi-Santamaria 
et al., 1997) and inhibition of cell proliferation in human cells 
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(Colovic et al., 2010). These contradictory findings stress the need 
to use different assays along with different test materials to further 
study the genotoxicity of DZN. 

Exposure of DZN to the surrounding environment 
such as U.V. radiation, elevated heat, moisture, and air results 
in many degradable product formations such as tetraethyl 
dithiopyrophosphate (S, S-TEPP, and sulfo-TEPP) and tetraethyl-
monothiopyrophosphate (O, S-TEPP, and mono-TEPP) (Wang 
et al., 2019). Furthermore, metal ions from corroded metal 
containers act as catalytic agents to decompose DZN to these toxic 
products (Zhang et al., 2019). Hence, water exclusion of DZN 
source material in the hydrocarbon-based/emulsifiable concentrate 
formulated products results in DZN stability, and its commercial 
formulations prevent such a formation of breakdown products.

Therefore, the main objective of this study was to 
investigate the effect of the commercial formulation form and the 
active ingredient form of DZN inducing potential toxicity to find 
a less toxic form of the organophosphate pesticide to be used as a 
safe form for agricultural and human use.

MATERIALS AND METHODS

Chemicals
Commercial DZN formulation Basudin 60EM® was 

purchased from the private market, Giza, Egypt. Trizol reagent 
for RNA isolation was purchased from Invitrogen (USA). The kits 
for reverse transcription (RT) and PCR reaction were purchased 
from Fermentas (Germany). Moreover, other reagents and 
chemicals were of high analytical grade and purchased from local 
commercial suppliers in Egypt.

Animals
A total of 70 adult Swiss albino male mice (22–26 g 

in average) were used in this study. The animals were obtained 
from the National Research Centre (NRC), Giza, Egypt, and 
received standard laboratory diet as well as water ad libitum. 
The animals were housed in polycarbonate cages free from any 
chemical contamination source and allocated in several groups 
(10 mice each) at controlled temperature and light conditions. 
According to the guidelines of the Ethical Committee of NRC, 
all the animals received humane care. These guidelines were 
performed according to the National Institutes of Health Guide 
recommendations (Publication No. 85-23, revised 1985). The in 
vivo experiment of this study has received the Ethical Clearance 
Approval from the Ethical Committee of AS University (Number 
of 0147 at 11/2019).

Experimental setup
The groups of animals (10 mice each) were designed 

as follows: Group 1 contained control untreated animals, Groups 
2–4: mice were injected by single oral dose per a week with 
commercial DZN formulation Basudin 60EM® (1/40, 1/20, and 
1/10 of LD50 dose) according to El-Shenawy et al. (2009) and 
Muranli et al. (2015) for 4 weeks, and Groups 5–7: mice were 
injected by single oral dose per a week with DZN pesticide as 
active ingredient pesticide (1/40, 1/20, and 1/10 of LD50 dose) 
for 4 weeks. By cervical dislocation, all mice were sacrificed at 
treatment termination after 24 hours of the last supplementation. 

Liver and kidney tissues were collected from all animals for 
molecular and biochemical analyses. 

Expression of inflammatory and apoptosis genes 

RNA isolation and RT reaction
TRIzol® extraction chemical (Invitrogen) was utilized 

to isolate the total genomic RNA of the liver tissues of all treated 
mice. After completion of the isolation procedures, the RNA pellet 
was stored in DEPC-treated water. To digest the potential DNA 
residues, the pellet of isolated RNA was treated with RNAse-free 
DNAse kit (Invitrogen, Germany). RNA aliquots were stored at 
−20°C or utilized immediately for RT (Salem et al., 2018). 

First Strand cDNA Synthesis Kit (RevertAid™, MBI 
Fermentas) was used to synthesize the cDNA copy from liver 
tissues via RT reaction. An RT reaction program of 25°C for 10 
minutes, then 42°C for 1 hour, and then 95°C for 5 minutes was 
used to obtain the cDNA copy of the liver genome. Finally, the 
tubes of reaction containing cDNA copy were collected on ice up 
to use for cDNA amplification (Khalil et al., 2018).

Quantitative real-time PCR 
SYBR® Premix Ex TaqTM Kit (Takara, Biotech Co., Ltd.) 

was used to perform the qRT-PCR analyses using the synthesized 
cDNA copies from liver tissues. For each reaction, a melting 
curve profile was conducted. The quantitative values of the target 
genes were normalized on the expression of the housekeeping 
gene (Table 1). The 2−ΔΔCT method was used to determine the 
quantitative values of the specific genes to the GAPDH gene.

Determination of ROS formation
Flow cytometer was used to determine the intracellular 

Reactive Oxygen Species (ROS) generation in kidney mouse 
tissues with a specific Dichloro-dihydro-fluorescein diacetate 
(DCFH-DA) fluorescent probe following single-cell suspensions 
which was completed. The non-fluorescent compound of DCFH-
DA was freely taken up into assessed cells. During the reaction, 
the DCFH compound was oxidized to the fluorescent compound, 
namely, dichlorofluorescein by cellular oxidation action. Using 
the DCFH-DA solution, the cellular suspension was loaded 
and incubated at 37°C for 30 minutes. After centrifugation 
of the samples, the fluorescence of the cells was detected by a 
flow cytometer (with the emission of 525 nm and excitation of 
488 nm). Approximately, 1 × 105 cells for each treatment were 
counted, and the experiment was carried out in triplicate (Khalil 
and Abdu, 2013).

Table 1. Primer sequences used for qRT-PCR amplification.

Gene Primer sequence (5′–3′) References

TNF-α
Forward: ACT GAA CTT CGG GGT GAT TG

Khan et al. (2013)
Reverse: GCT TGG TGG TTT GCT ACG AC

P53
Forward: CGC AAA AGA AGA AGC CAC TA

Rasmy et al. (2011)
Reverse: TCC ACT CTG GGC ATC CTT

Caspase-3
Forward: TGA GCA TTG ACA CAA TAC AC

Yonguc et al. (2012)
Reverse: AAG CCG AAA CTC TTC ATC

GAPDH
GTA TTG GGC GCC TGG TCA CC

Khan et al. (2013)
CGC TCC TGG AAG ATG GTG ATG G
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Comet assay
The DNA damage in treated mouse samples using comet 

assay was performed according to Blasiak et al. (2004). The 
homogenized liver samples of treated groups were mixed with low 
melting point agarose and loaded in small pieces on slides which 
precoated with normal melting agarose. The loaded samples were 
kept on the slides in the horizontal position for ½ hour in the dark 
environment at 4°C. Low melting point agarose was then pipetting 
above the slides including samples, and the slides were left for 
30 minutes at 4°C to harden and put afterward in lysis buffer 
for 1 hour. Then, a fresh alkaline unwinding buffer was used to 
submerge the slides in a dark place for 1 hour at 20°C. Afterward, 
electrophoresis (0.8 V/cm, 300 mAmps) for the slides was carried 
out for 30 minutes to assess the DNA damage in the form of tail 
migration in 100 cells per each animal. Specific software (TriTek 
Corp., Comet Score, Sumerduck, VA22742) was used to determine 
the rate of the DNA damage per sample. 

Statistical analysis 
Using general linear model technique of the statistical 

analysis system, the genetic and biochemical data were analyzed 
followed by Scheffé’s test (SAS Performance Tuning Strategies 
and Techniques Institute, 2003) to determine the significant 
differences between all the treatments. The values of the data were 
expressed as mean ± SEM. All statements of significance were 
based on the probability of p < 0.05. 

RESULTS AND DISCUSSION

Impact of DZN pesticide on the expression of apoptotic and 
inflammatory genes 

Expression of Tumor necrosis factor-α (TNF-α) (such 
as inflammatory-related gene), p53, and caspase-3 genes (such 
as apoptotic-related genes) was quantified by qRT-PCR and was 
monitored to assess the effect of the commercial formulation and 
the active ingredient of DZN pesticide in liver tissues of male 
mice (Figs. 1–3). 

The results revealed a significant elevation in the expression 
of TNF-α gene in all treated mice groups with the commercial 
formulation of DZN pesticide (1/40, 1/20, and 1/10 LD50), where the 
expression levels increased by 2.7-, 3.3-, and 4.5-fold, respectively, 
compared with the control group (Fig. 1). Moreover, the levels of 
expression of TNF-α gene were increased in the groups of mice 
treated with the active ingredient of DZN pesticide compared with 
the control group, where the expression levels increased by 1.9-
, 2.2-, and 3.5-fold in the groups of mice treated with 1/40, 1/20, 
and 1/10 LD50, respectively (Fig. 1). The results revealed that the 
expression levels of TNF-α were higher in mice groups treated with 
the commercial formulation of DZN pesticide than those treated 
with an active ingredient of DZN pesticide.

Besides, the results showed significant increases in the 
expression of p53 and caspase-3 genes in all the groups of mice treated 
with the commercial formulation of DZN pesticide (1/40, 1/20, and 

Figure 1. Quantitative RT-PCR confirmation of TNF-alpha gene in liver issues of male mice exposed to different concentration of 
commercial diazinon formulation Basudin 60EM® and active ingredient of Diazinon. Data are presented as mean ± SEM. a,b,c Mean 
values within tissue with unlike superscript letters were significantly different (a: P<0.01, b: P<0.05).
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Figure 2. Quantitative RT-PCR confirmation of p53 gene in liver issues of male mice exposed to different concentration of commercial 
diazinon formulation Basudin 60EM® and active ingredient of Diazinon. Data are presented as mean ± SEM. a,b,c Mean values within 
tissue with unlike superscript letters were significantly different (a: P<0.01, b: P<0.05).

Figure 3. Quantitative RT-PCR confirmation of Caspase-3 gene in liver issues of male mice exposed to different concentration of 
commercial diazinon formulation Basudin 60EM® and active ingredient of Diazinon. Data are presented as mean ± SEM. a,b,c Mean 
values within tissue with unlike superscript letters were significantly different (a: P<0.01, b: P<0.05).
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1/10 LD50), where the expression levels increased by 3.5-, 3.7-, 
and 4.9-fold for p53 gene and increased by 4.6-, 5.2-, and 8.1-fold 
for caspase-3 gene, respectively, compared with control mice (Figs. 
2 and 3). Furthermore, the expression levels of p53 and caspase-3 
gene were increased in the groups of mice treated with the active 
ingredient of DZN pesticide compared with the control group, where 
the expression levels increased by 3.4-, 2.9-, and 4.6-fold for p53 and 
increased by 3.2-, 3.7, and 5.4-fold for Caspase-3 gene, respectively 
(Figs. 2 and 3). Furthermore, the results showed that the expression 
levels of p53 and caspase-3 genes were higher in the groups of mice 
treated with the commercial formulation of DZN pesticide than those 
treated with an active ingredient of DZN pesticide.

In accordance with these findings, Abdel-Diam et al. 
(2019) reported that DZN caused the induction of neurohepatic 
inflammation and caused oxidative damage. This was confirmed 
by a significant induction of the liver and kidney enzymes such 
as alanine and aspartate aminotransferases, gamma-glutamyl 
transferase, alkaline phosphatase, lactate dehydrogenase, tumor 
necrosis factor-α, and also acetylcholinesterase activity inhibition. 
Besides, Razavi et al. (2013) reported that the commercial 
formulation form of DZN induced apoptosis through the rise 
of Bax/Bcl2 ratio and caspase-3 gene (both mRNA and protein 
levels) in cardiac tissue of rats. 

Apoptosis is an energy-dependent process, in which 
phosphatidylserine is transferred outside the plasma membrane, 
mito chondrial membrane permeability is changed, cas pases 
activated and then transferred to the nucleus, and finally, DNA 

fragmentation is occurred (Crompton, 2000). Furthermore, several 
studies proved that organophosphates affect the expression levels 
of gene-related apoptosis such as pro-apoptotic Bax and anti-
apoptotic Bcl-2 (Geng et al., 2015; Yu et al., 2015), and through 
its activation effect on the internal and external pathways, it 
stimulates apoptosis (Kaur et al., 2007; Saulsbury et al., 2009). 

Effect of DZN pesticide on ROS formation
The effect of the commercial formulation and the active 

ingredient of DZN pesticide on intracellular ROS changes is 
shown in Figure 4. The results found that male mice treated with 
the low and medium doses of the commercial formulation of DZN 
pesticide showed a significant increase (p < 0.05) in the generation 
of intracellular ROS in kidney tissues. Furthermore, the treatment of 
male mice with the high dose of a commercial formulation of DZN 
pesticide increased the intracellular ROS (p < 0.01) much more than 
the low and medium doses compared with the control group. 

However, the treatment of male mice with low and 
medium doses of the active ingredient of DZN pesticide increased 
slightly with no significant differences (p > 0.05) in the generation 
of intracellular ROS in the kidney tissues compared with the 
control mice. Moreover, male mice treated with the high dose of 
the active ingredient of DZN pesticide showed an increase in the 
intracellular ROS (p < 0.05) compared with that of the control 
group (Fig. 4). Our findings are in deep agreement with the fact 
that mutagens and carcinogens such as pesticide exposure induce 
the free radical formation causing damage of the DNA structure 

Figure 4. The changes of intracellular ROS levels in kidney tissues of male mice exposed to different concentration of commercial 
diazinon formulation Basudin 60EM® and active ingredient of Diazinon. Data are presented as mean ± SEM. a,b,c Mean values within 
tissue with unlike superscript letters were significantly different (a: P<0.01, b: P<0.05).
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and thus lead to mutations and/or cell death (Hatjian et al., 2000; 
Khalil et al., 2011; Scott et al., 1991).

Effect of DZN pesticide on DNA damage
Table 2 shows the effect of the commercial formulation 

and the active ingredient of DZN pesticide on the DNA damage 
in the liver tissues of male mice. The results revealed that the 
treatment of male mice with the low and medium doses of the 
commercial formulation of DZN pesticide significantly increased 
the DNA damage (p < 0.05) in liver tissues. Besides, the treatment 
of male mice with the high dose of a commercial formulation of 
DZN pesticide increased the DNA damage (p < 0.01) much more 
than the low and medium doses compared with the control group. 
Furthermore, the treatment of male mice with the low, medium, 
and high doses of the active ingredient of DZN pesticide increased 
the DNA damage (p < 0.05) compared with the control group. 
These results indicated that the commercial formulation of DZN 
pesticide was able to induce DNA damage in liver tissues more 
than the active ingredient of DZN pesticide.

In agreement with the finding, Yassa et al. (2011) 
reported that DZN induces chromosomal aberrations such as sister 
chromatid exchanges. In this study, the assay of DNA damage 
was evaluated by comet associated with ROS generation assay. 
Such DZN-induced damage might be attributed to its apoptotic 
action induced by the intracellular ROS generation increase. As 
mentioned previously, organophosphate compounds cause different 
features of cellular damages that mainly affect DNA structure 
and performance (Maxwell and Dutta, 2005). Piña-Guzmán 
et al. (2005) proved that organophosphate toxicity is mediated by 
nuclear protein phosphorylation, and its alkylation characteristics 
can affect DNA. Hence, organophosphates, including DZN, 
cause chromatin structure and sperm DNA changes in the liver 
tissues. Therefore, the ROS generation produced during the DZN 
metabolism in the liver can induce DNA damage, which was 
clearly observed in the commercial formulation form of DZN.

The purpose of the emulsifiable formulations was to 
prevent the breakdown of DZN into its toxic byproducts inducing 
DNA damage. However, the fact that the formulation used in this 
study was more toxic, suggesting that the chosen commercial 
DZN formulation Basudin 60EM® was not effective in preventing 
the degradation of DZN in the hydrocarbon-based/emulsifiable 

inducing genotoxic effects. In agreement with the findings, 
Muranli et al. (2015) reported that commercial DZN formulation 
Basudin 60EM® increased micronucleus formation and DNA 
damage in human lymphocytes compared to control, suggesting 
that this commercial form could not prevent the breakdown of 
DZN into its toxic byproducts. 

CONCLUSION
Commercial DZN formulation Basudin 60EM® 

induced a genetic and biochemical modulation much more than 
the active ingredient form of DZN, and this revealed that not only 
the organophosphates but also the other byproducts affect cellular 
responses to cytokine (TNF-α) and apoptotic elements through 
changes in the gene expression as a result of rise in a free radical 
generation. In this study, the increased DNA damage in the liver 
and kidney cells boosts a major concern regarding the current 
health risk assessment posed by the form of the used pesticide 
and the need for a high level of usage caution in agriculture and 
household.
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