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Abstract

Despite the benefits of chemical pesticides in killing pests, they are dangerous to organisms and the 
environment. Hence, natural and biological agents have been used to control pests for nearly two decades. 
According to studies on the mechanism of scorpion peptides, it is a factor in controlling pests. However, 
some experimental results show that the insect immune system responds to pathogens that enter the body 
and inhibit the microbial effect of external factors. Today, nanotechnology is found in a wide range of ap-
plications in the pharmaceutical, and agricultural industries. Therefore, in this study, we tried to evaluate the 
effect of nanoparticles based on polyethyleneimine (PEI) containing Mesobuthus eupeus scorpion venom 
on the Sf9 cell line. For this purpose, Sf9 cells were placed in a 96-well plate. Then concentrations of 10, 
25, and 35 μg/ml scorpion venom and PEI-based nanoparticles were added to the Sf9 cells. The cells were 
exposed to toxins for 24 hours. Then results were determined using the cell cytotoxicity test (MTT assay). 
This study showed that with increasing the concentration of PEI derivatives, toxicity in the Sf9 cell line 
decreased. Also, considering the effect of PEI hydrophobicity modification on increasing PEI transfection 
efficiency, the ability to transfer M. eupeus scorpion venom to the Sf9 cell line with minimal toxicity in-
creases. All PEI derivatives were able to effectively deliver the M. eupeus venom. In this study, PEI poly-
plexes and M. eupeus scorpion venom did not differ significantly on Sf9 cell line toxicity. 
Keywords: Mesobuthus eupeus, scorpion venom, polyethyleneimine, nanoparticles, Sf9 cell line
Резюме

Въпреки ползите от химическите пестициди при унищожаването на вредители, те са опасни 
за организмите и околната среда. Eстествени и биологични агенти се използват за контрол на 
вредители в продължение на почти две десетилетия. Според проучвания върху механизма на 
пептиди, изолирани от скорпион, това е фактор за контрол на вредителите. Въпреки това, някои 
експериментални резултати показват, че имунната система на насекомите реагира на патогени, 
които навлизат в тялото и инхибират микробния ефект на външни фактори. Днес нанотехнологиите 
намират широк спектър от приложения във фармацевтичната и селскостопанската промишленост. 
Ето защо, в това проучване се опитахме да определим ефекта на наночастиците, сформирани на 
базата на полиетиленимин (PEI), съдържащи отрова от скорпион (Mesobuthus eupeus) върху клетъч-
ната линия Sf9. За тази цел, Sf9 клетките се поставят в 96-ямкова плака. След това, към Sf9 клетките 
се добававя отрова от скорпион и PEI-базирани наночастици в концентрации 10, 25 и 35 μg/ml. Клет-
ките са изложени на токсина в продължение на 24 часа. Резултатите се определят с помощта на тест 
за клетъчна цитотоксичност (MTT анализ). Това проучване показа, че с увеличаване на концентра-
цията на производни на PEI, токсичността в клетъчната линия Sf9 намалява. Също така, като се има 
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om from scorpions contains a variety of biological 
components that can harm both vertebrates and in-
vertebrates (Khoobdel et al., 2013). 

Delivery of M. eupeus scorpion venom in the 
absence of a carrier is a simple procedure.  How-
ever, most research is being done on measuring 
the effects of scorpion venom or other biologi-
cal agents on cell types. Although the peptides in 
scorpion venom are highly resistant to proteases 
(Schwartz et al., 2012; Windley et al., 2012), they 
may be very sensitive to the antimicrobial peptides 
in insect hemolymph, which are secreted from cells 
or tissues associated with innate immunity, such as 
blood cells or fat bodies. Unfortunately, the effects 
of M. eupeus scorpion venom on the cell also suf-
fer from lower transmission efficiencies and require 
more effort to optimize them. In the last few years, 
the tools and techniques that facilitate nanoscale 
studies have received widespread attention (Srini-
vas et al., 2010). Efforts to use nanotechnology in 
agriculture began with the growing understanding 
that traditional farming methods not only failed to 
increase productivity but also resulted in damaged 
ecosystems that endanger human life and the planet 
(Mukhopadhyay, 2014).

The properties of polyethyleneimine (PEI)  
are closely linked to its high amine content, which 
results in a substantial positive charge density on 
the polymer’s surface (Merdan et al., 2002; De-
hshahri et al., 2009). Because of the ability of PEI 
nanoparticles and their derivatives to interact with 
the negatively charged M. eupeus scorpion venom, 
it is reasonable to consider it as a carrier. However, 
a major disadvantage of PEI-based nanoparticles is 
their toxicity, which in turn raises concerns about 
their application (Zintchenko et al., 2008). Hence, 
several chemical modifications were examined in 
order to decrease the toxic effects of PEI (Forrest 
et al., 2004; Oskouei et al., 2008; Zintchenko et al., 
2008; Dehshahri et al., 2012).

The Sf9 cell line appears to show antimicro-
bial defense against scorpion venom and PEI de-
rivatives, and naturally, the immune response of 
cells will be different at different concentrations. 
Pathogens enter the insect’s body naturally, but the 
insect’s immune response rapidly suppresses them. 
The safety response sends signal messages to the 

Introduction
Nowadays, a lot of people are frequently 

exposed to many pests and diseases, especially in 
developing and third-world countries. Unfortunate-
ly, multiple experiments have proven the presence 
of large levels of pesticide metabolites in human 
blood and urine (Pingali et al., 1994). More study is 
being done on using environmentally-friendly and 
sustainable pesticides for pest management due to 
worries about the risks of applying synthetic pesti-
cides frequently and insect resistance to them (Henn 
and Weinzierl, 1989). The term “biological control” 
or “biological inhibition” is used to describe this 
situation. So far, biological control experts have 
defined it as the utilization of helpful living agents 
to combat destructive species (pests). Biological 
control is a crucial component of pest management 
(Liang et al., 2012). 

Some of the key peptides in spiders are par-
ticularly toxic to insects and most of these peptides 
have a unique pair of disulfide bonds that provide 
strong resistance to proteases (Schwartz et al., 
2012; Windley et al., 2012). Some peptides are an-
timicrobial peptides that are naturally present in all 
organisms and play a vital role in their innate im-
mune system (Thomas et al., 2010). Most of the 
known antimicrobial peptides belong to different 
species of insects. In insects, antimicrobial peptides 
are produced by innate immune cells and tissues, 
such as blood cells and fat bodies. When germs in-
vade the bodies of invertebrates, including insects, 
they meet a variety of defenses, including the man-
ufacture and induction of antimicrobial peptides, 
resulting in a series of markers that can detect the 
pathogen when it enters the larvae of insects. One 
of the first and most important orders of insects for 
which antimicrobial peptides have been studied is 
the order Lepidoptera (Bulet et al., 2004). 

The Spodoptera frugiperda (Sf9) is a species 
in the order Lepidoptera whose cell line is derived 
from the ovarian tissue of the “armyworm” pu-
pae; the Sf9 cell line is used for protein expression 
and also for the production of biocidal products 
(Üstün-Aytekin et al., 2014). The most common 
scorpion species in the Middle East is Mesobuthus 
eupeus, which belongs to the Buthidae family. Its 
venom is utilized in pharmacy and treatment and 
contains numerous poisonous components. Ven-

предвид ефектът от модификацията на хидрофобността на PEI върху повишаване на ефективността 
на трансфекция на PEI, способността за прехвърляне на отровата на M. eupeus към клетъчната линия 
Sf9 с минимална токсичност се увеличава. Всички производни на PEI успявят ефективно да доставят 
отровата на M. eupeus. В това проучване PEI полиплексите и отровата на скорпион M. eupeus не се 
различават значително по отношение на токсичността на клетъчната линия Sf9.
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eupeus scorpion venom with the same concentra-
tion (40µg/mL) in HBG buffer (20 mM HEPES 
buffered Glucose pH 7.2) and after proper pipetting 
were incubated at room temperature for 20-30 min-
utes to form stable complexes.

Cytotoxicity of the Sf9 cell line and polyplex-
es used in the transfusion test was performed using 
MTT assay. The cells were incubated at a cell den-
sity of 1×104 and in the presence of 10% FBS for 
24 hours in a 96-well plate, then 10 μl of polyplexes 
were added and incubated for 24 hours. After this 
period, 10 μl of MTT solution with a concentration 
of 0.5 mg/ml was added to each well and incubat-
ed for 3 hours. After 3 hours of incubation of the 
cells at 37°C in the incubator, 100 μL solution of 
DMSO (dimethyl sulfoxide) was added to the wells 
and the absorption of blue formazan dye was read 
using an ELISA reader with a wavelength of 630 
nm. All other concentrations utilized in this study 
were experimental.
Results

The cytotoxicity of PEI polyplexes and M. 
eupeus scorpion venom at concentrations of 10, 25, 
and 35 μg/ml on Sf9 cell line and 96-well plates 
was evaluated using the MTT colourimetric meth-
od. The cytotoxicity of different PEI compounds at 
different concentrations was compared with M. eu-
peus scorpion venom and HBG buffer. According 
to Fig. 1, PEI at concentrations of 10 and 35 μg/ml 
cell survival was slightly reduced after 24 hours, 
and at 25 μg/ml, M. eupeus scorpion venom further 
reduced Sf9 cell survival. The data show that HBG 
buffer has a mild cytotoxic effect on Sf9 cells.

According to Fig. 2, PEI-SUC at a concentra-
tion of 35 μg/ml increased the survival of Sf9 cells 
somewhat compared to concentrations of 10 and 
25 μg/ml. These results indicate that cytotoxicity 
decreases with increasing PEI-SUC concentration. 
However, M. eupeus scorpion venom at a concen-
tration of 25 μg/ml caused a slight increase in Sf9 
cell growth.

According to Fig. 3, the PEI-SUC-PEI poly-
plexes at concentrations of 10, 25, and 35 μg/ml 
cell survival increased with increasing the concen-
tration to some extent. In general, the results of this 
study show that PEI derivatives at different concen-
trations exert a slight cytotoxic effect on the Sf9 
cell line. However, M. eupeus scorpion venom at a 
concentration of 25 μg/ml caused a slight increase 
in Sf9 cell growth.
Discussion  

The effects of excessive chemical toxicity on 
human health and living beings are no longer a se-

relevant location. These signals may induce apop-
tosis in damaged cells and the removal of abnormal 
tissue by immune cells. This means that the immune 
system eliminates aberrant cells, which is followed 
by a rapid proliferation of healthy cells to replace 
the tissue that has been lost. Several of these signal-
ling pathways may accelerate cell growth (Krautz 
et al., 2014). In this study, we hypothesized that the 
binding of PEI nanoparticles to scorpion venom 
peptides while maintaining the effects of low cyto-
toxicity increases the weak efficiency of the scorpi-
on venom effect on the cells. 
Materials and Methods

M. eupeus scorpion lyophilized venom was 
purchased from the Vaccine and Serum Research 
Institute, Department of Toxic Animals, Iran. The 
lyophilized venom of M. eupeus scorpion was 
stored at -20°C. To prepare the stock solution, 1 mg 
of the venom was removed from the microtube con-
taining the lyophilized venom with a spatula and 
gently transferred to a 1.5 ml microtube. Then 1ml 
of sterile distilled water was poured as a solvent 
into a 1.5 ml microtube and mixed well. It was then 
centrifuged at 1500 rpm for 10 min at 25°C. The 
soluble venom was transported quickly to -20°C 
and after 3-4 hours transported to -80°C.

The Sf9 cell line was purchased from the 
Pasteur Institute of Iran Cell Bank Division. This 
cell line was stored in 25cm3 unfiltered flasks and 
Grace’s insect culture medium enriched with serum 
FBS 10% and cultured at 27°C incubators without 
CO2. The cell division time was estimated to be 18-
24 hrs., and the cells were passed once every two 
days (Mosmann 1983).

The PEI derivatives including PEI conjugated 
with succinic anhydride (PEI-SUC) and PEI-SUC-
PEI carriers were prepared step-by-step according 
to a previous study (Nouri et al., 2017). At first, 500 
mg of low molecular weight PEI was dissolved in 
8 ml of distilled water and 2 ml of NaCl solution 
(3M), and the pH of the solution was raised from 
1 M to 5 M by adding hydrochloric acid. To pre-
pare the mixtures, 2 mg of SUC was added drop-
wise to the PEI solution to dissolve in DMSO and 
placed under sterile conditions at room temperature 
for three hours. Dialysis was performed and the re-
sulting solutions were lyophilized. The mentioned 
steps were performed on the PEI-SUC lyophilized 
product and PEI-SUC-PEI was obtained (Nouri et 
al., 2017).   

PEI-SUC polyplexes were prepared by add-
ing 50 μl of a solution containing PEI-SUC con-
jugates in different concentrations to 50 μl of M. 
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Fig. 1. Comparison of different concentrations of LMW PEI with HBG buffer at 25 μg/ml in 24 hours of 
Sf9 cell treatment. Survival and transmission ability of M. eupeus scorpion venom were determined by PEI 
modified at ratios of 10, 25, and 35 and compared with HBG buffer in Sf9 cell cultures at 96 well plates in 
three replications. Cell survival was measured by MTT assay and expressed as cell viability. (n = 3; error 
bars indicate mean standard deviation) (P> 0.05).

Fig. 2. Comparison of different concentrations of PEI-SUC with M. eupeus scorpion venom at a concentra-
tion of 25 μg/ml in 24 hours of Sf9 cell treatment Survival and transmission ability of M. eupeus scorpion 
venom were determined by PEI-SUC modified at ratios of 10, 25 and 35 and compared with M. eupeus 
scorpion venom at a concentration of 25 μg/ml in Sf9 cell cultures at 96 well plates in three replications. 
Cell survival was measured by MTT assay and expressed as cell viability. (n = 3; error bars indicate mean 
standard deviation) (P> 0.05).

Fig. 3. Comparison of different concentrations of PEI-SUC-PEI with HBG buffer at a concentration of 25 
μg/ml in 24 hours of Sf9 cell treatment Survival and transmission ability of M. eupeus scorpion venom was 
determined by PEI-SUC-PEI modified at ratios of 10, 25 and 35 and compared with HBG buffer in Sf9 cell 
cultures at 96 well plates in three replications. Cell survival was measured by MTT assay and expressed as 
cell viability. (n = 3; error bars indicate mean standard deviation) (P> 0.05).
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of these signalling pathways may accelerate cell 
growth (Krautz et al., 2014). It seems that in this 
study the initial decrease in cell survival at 25 μg/
ml at PEI and then its increase at 35 μg/ml was due 
to the immune response of the Sf9 cells. However, 
it should be noted that no significant reduction in 
Sf9 cell survival was observed with PEI treatment 
(P> 0.05). This study also showed that with increas-
ing the concentration of PEI derivatives, toxicity in 
the Sf9 cell line decreases. “Skip well” is a phe-
nomenon detected in Escherichia coli (Bliss et al., 
1949). This phenomenon may provide an opportu-
nity for resistance to emerge (Purba Gupta October 
2011). The increase in the concentration of PEI as 
well as the slight increase in cell growth at 25 μg/ml 
scorpion venom followed by the decrease in toxic-
ity in the Sf9 cell line could be due to the skip well 
phenomenon because growth occurred at higher 
concentrations.
Conclusion

Farmers and vector control professionals have 
to deal with toxic chemicals in various forms, so 
their level of knowledge can have positive or neg-
ative effects on public health and the environment. 
Their awareness of the consequences of pesticide 
use will provide an effective basis for promoting 
environmentally-friendly practices and maintain-
ing food security. The use of biocides is also rec-
ommended to reduce resistance to synthetic toxins 
and damage to living and non-living environments. 
According to the results of this study, all PEI deriv-
atives were able to effectively bind with the M. eu-
peus scorpion venom peptide. We hope to do more 
research in the future on polymeric nanoparticles as 
potential candidates for pest control.
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