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Since plant extracts have long been known to be chitin inhibitor and agents for developmental arrest, 
chitinase genes and genes that are vital for starting the differentiation program of cells at discrete steps 
during development are major targets for biocide plant extracts. The current study evaluates the in 
vitro toxic effects of golden piller (Cupressus macrocarpa) and galangal (Alpinia officinarum) against 
Spodoptera frugiperda Sf9 cell line. Also, changes in gene expression levels of chitinase genes (SFch-
1, SFch-2) and fibroblast growth factor receptor gene (SFbtl) were demonstrated. Cell sensitivity assay 
(MTT) showed that golden piller was more toxic than galangal in cell viability tests and more potent in 
the cell growth inhibition. The calculated LC50 were 120 µM and 200 µM for golden piller and galangal, 
respectively. Both plant extracts significantly reduced the gene expression levels of chitinase genes and 
SFbtl (p<0.05) following 72h of exposure to LC50. This work provides evidence of a viable use of these 
botanical extracts for pest control as well as highlight the mode of action during the process of chitin 
formation, degradation and cell proliferation.

INTRODUCTION

Utilization of manufactured chemical pesticides is 
the most effective method for insect control in 

agricultural systems (Nauen et al., 2002; Aktar et al., 
2009). Despite their viability at controlling insects, there 
is a genuine need to develop esoteric methodologies with 
lower environmental and non-target impacts (Ware and 
Whitacre, 2004). Biopesticides are an important group 
of naturally occurring, often slow-acting crop protectants 
that are generally more secure to people and nature than 
ordinary pesticides, and with insignificant leftover impacts 
(Akhtar et al., 2008). Biopesticides can be biochemical or 
microbial. Biochemical pesticides may incorporate plant-
derived pesticides (botanicals) that can meddle with the 
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development, feeding, or reproduction of pests or insect 
pheromones connected for mating interruption (Kabiri and 
Amiri-Besheli, 2012).

Over the past decades different industries have 
exhibited an expanded interest to create in vitro strategies 
to examine insecticide effects. Such methods are 
considered recently potential alternatives to conventional 
animal toxicity tests (Eisenbrand et al., 2002). They 
further diminish the requirement for tedious and exorbitant 
tests performed utilizing live animals or isolated organs 
(Barlow et al., 2002). 

Spodoptera frugiperda was not found in Asia and was 
limited to America and some other western countries. In 
2019 it is reported in India and it is expected that it will 
reach and colonize neighbouring countries. It can reach 
Middle East. So this threat must be taken seriously and 
preparations should be made to cope with it (Firake and 
Behere, 2020). The commercially available Sf9 insect cell 
line derived from pupal ovarian tissue of S. frugiperda 
was used for in vitro assays to estimate the effect of 
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different insecticides, and to test the effect of fungal 
metabolites, or the effect of some insect fungi that could be 
developed as biopesticides. Sf9 cell line was additionally 
used to contemplate Bacillus thuringiensis poisons and 
to investigate their mode of action (Saleh et al., 2013). 
Botanical pesticides are plant derivatives that repel, inhibit 
and interfere with physiological activities or destroy pests 
(Hikal et al., 2017). Moreover, the production of essential 
enzymes such as those responsible for moulting often 
interferes with botanical pesticides, which inhibits growth 
and development (Ogah, 2013). In general, plant extracts 
have long been known to be chitin inhibitor and causing 
developmental arrest (Ghoneim, 2020). Chitin is one of the 
most important biopolymers in nature (Zhang et al., 2017). 
In insects, it is playing a canonical key role for supporting 
the cuticles of the epidermis, trachea, peritrophic membrane 
and lining the gut epithelium as scaffolding material 
(Kumar et al., 2018). Insect growth and morphogenesis 
are strictly dependent on the capability to rebuild chitin 
containing structures, thus, insects repeatedly produce 
chitin synthases and Chitodextrinase enzymes in different 
tissues (Muthukrishnan et al., 2016). Chitin synthesis and 
degradation requires strict control of the participating 
enzymes during development. All insect chitinases belonging 
to family 18 glycosylhydrolases have been detected in 
moulting fluid and gut tissues, furthermore, anticipated 
to the digestion of chitin present in the exoskeleton and 
peritrophic membrane in the gut to chitooligosaccharides 
(Brent et al., 2016). Insect’s chitinases homologues genes 
have been characterized and described from several 
insects including lepidopteran species (Kramer et al., 
1993; Zhu et al., 2008; Zhuo et al., 2014; Shi et al., 2016).

Although, Fibroblast Growth Factors (FGFs) were 
first found in mammals, the discovery of the first FGF 
receptor (FGFR) gene in Drosophila melanogaster 
proposing that FGF signalling is evolutionary conserved 
and opened up the horizon of insect FGF research 
(Klingseisen et al., 2009; Muha and Müller, 2013). The 
Drosophila genome encodes just two FGFRs, which are 
implicated in comparative cell settings as in vertebrates, 
for example, proliferation, cell survival, differentiation 
and cell migration (Kadam et al., 2012). As a rule FGF 
signalling focuses on the transcription of genes that are 
vital for starting the differentiation program of cells at 
discrete steps during development (Avet-Rochex et al., 
2012; Stork et al., 2014).

The objective of this investigation was to test the lethal 
impact of two botanical extracts, golden piller (Cupressus 
macrocarpa) and galangal (Alpinia officinarum) using a 
cultured Sf9 insect cell line and MTT test to quantitatively 
evaluate cell proliferation during exposure to the 
selected botanical extracts. Furthermore, demonstrate the 

expression level of SFch-1, SFch-2 (chitinase genes) and 
SFbtl (Fibroblast growth factor receptor gene) after 72h. 
of exposure to LC50.

MATERIALS AND METHODS

Tested plants
The plants under examinations were initially acquired 

from Egypt. Quickly, the plant oils were separated by 
steam distillation using 300g of plants in 300ml of water 
for 4-6h. following the depicted strategy by (Marcus and 
Lichtenstein, 1979; Weaver et al., 1994). Oils were put 
away in dull glass bottles in the fridge until use.

Spodoptera frugiperda Sf9 cells
The Sf9 cells got from pupal ovarian tissue of S. 

frugiperda were bought from Invitrogen (Catalog no. 
B825-01). Cells were kept up at 27°C in25cm2 culture 
flasks in 5 ml without serum culture mediumSF-900 II 
SFM Invitrogen (Catalog no. 10902-096). Monolayer 
shaped cells were sub refined each 3– 4 days in the wake 
of segregating utilizing a scraper.

Cell sensitivity assay (MTT)
Sub cultured cells were gathered six days after sub 

refined and diluted with fresh medium to a thickness 
of 7.5x104 cells/ml. Each well of a 96-well microtiter 
culture plate was stacked with100μl of cell solution 
containing 5μl of the tested compound solution. The 
final concentration range of botanical extracts was 0.4 
to 500 μM. Each concentration tested consisted of three 
duplicates and the test was rehashed twice. Cell sensitivity 
assay (MTT) was performed after 72h of exposure as 
described by Borenfreund et al. (1988). The test medium 
was supplemented with 20μl of 2 mg/ml MTT dissolved in 
cell culture medium SF-900 II SFM, following overnight 
staining at 27 ºC, the staining solution was carefully 
removed and to solubilise the purple formazan crystals 
produced within the cell 150μl/well dimethylsulphoxide 
(DMSO) was added. The absorbance of each well was 
estimated at 540 nm using a microplate reader. Cell 
growth was expressed as a percentage of absorbance ratio: 
Absorbance in wells with botanical extracts treatment 
to control well (cells treated with zero concentration of 
botanical extracts). The inhibition rate (IR) was determined 
according to (Liu et al., 2010).

IR.= (1-At / Ac) x 100
At: absorbance value of tested wells.
Ac: absorbance value of control wells.

Selection of target genes
Detection of the target genes used in the present 
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investigation was done by using UniProt website (http://
www.uniprot.org/), output showed two genes of S. 
frugiperda related to chitinase identified as SFch-1 
[NCBI Reference Sequence: AY525599.1], and SFch-2 
[NCBI Reference Sequence AY527414.1]. Likewise, one 
gene of S. frugiperda related to Fibroblast growth factor 
receptor identified as SFbtl [NCBI Reference Sequence: 
AB247567.1].

RNA extraction and reverse transcriptase (RT- PCR)
Total RNA was isolated from a pellet of cultured cells 

using an RNeasy Plus minikit (Qiagen, Cat No./ID: 74134) 
following the manufacturer’s protocol. RNA integrity was 
evaluated on 1.5% agarose gel as described in (Sambrook, 
2001), and quantified spectrophotometrically (NanoDrop, 
Labtech, ND-1000). cDNA syntheses was performed using 
i-Script™ reverse transcription supermix for RT-qPCR kit 
(BIO-RAD, Cat No./ID:170-8841).

Gene expression studies with (RT-qPCR)
cDNA prepared as explained in section above was used 

as a template. RT-qPCR was performed on the template in 
a final volume of 25μl. Each reaction contained: 12.5μl 2x 
Rotor-gene SYBR green PCR master mix solution (Qiagen 
Co.), forward and reverse primers (Table I) were added in a 
final concentration of 0.5mM, 9μl nuclease free water and 
1μl of undiluted cDNA. To approve the primers, a standard 
curve dependent on a serial dilution of cDNA was done to 
determine the primer annealing efficiency, the presence of 
primer dimers and the production of a single PCR product. 
RT-qPCR conditions were as follows: 95 °C for 5 min, 
followed by 40 cycles of 95 °C for 15 sec., 55 °C for 30 
sec. and 60 °C for 15 sec. Amplifications were carried out 
using three biological replicates of cDNA, and the mean 
values of three technical replicates were analyzed. The 
efficiency of the primers were equivalent and the relative 
transcript quantity was calculated according to the delta-
delta Ct method (Livak and Schmittgen, 2001), with Ct 
values of the respective target gene compared to those of 
the reference gene Actin (GenBank KT218672); this gene 
is a reliable reference gene for RT-qPCR in S. frugiperda 
(Mehrabadi et al., 2013), and hence used to normalize 
gene expression.

Statistical analysis
Analysis of probit regression was applied to estimate 

the 50% inhibition of cell growth, LC50 was calculated using 
Microsoft excel 2010. Linear regression analysis of dose-
response data was performed to obtain the mathematical 
curve. Experimental data and qPCR results were analysed by 
ANOVA followed by Tukey Kramer Multiple Comparison; 
statistical differences are shown as different letters.

RESULTS

The tested botanical extracts significantly (p<0.05) 
inhibited cell growth. The concentrations of insecticides 
resulting in 50% inhibition of cell growth were: 120 μM, 
and 200 μM for golden piller and galangal respectively 
(Table II), and R2= 0.9. Relative potency and toxicity index 
% (Table II) were calculated according to (Sun, 1950). 
Effect was determined by MTT assay. The percentage of 
cells mortality was plotted against the tested concentrations 
and the LC50 values were determined, the response was 
dose-dependent, i.e. the cells mortality increases with the 
increase of the concentration.

Table I. Primers used in performing qRT-PCR.

Gene Primer sequence (5-3) Amplicon size
SFch-1 TGTTCCTCCTGTTCTTCGGC 98bp

CTTGGTGGTGGACAGCAGAT
SFch-2 GCAATTGAAGCGGACAGCAA 97bp

GGATGTCCTCGATGCCGTAG
SFbtl AGAACACGACGAGCGATTCA 94bp

TTCCCAATGCACAGGGAGTC
Actin ACGCCACGGTCTAGTTGAAG 94bp

ATGGTGATCTTCGGGTTCCG

Table II. Toxicity and relative potency against Sf9 cell 
lines.

Concen-
trations 
(µM)

Control 
without 
treatment

Golden 
piller

Galan-
gal

Relative potency and 
toxicity index %* 
based on
Golden 
piller

Galangal

LC50 0.0 120 μM 200 μM 1 0.6
1.7 1

*Toxicity index= LC50 or LC90 of the efficient compound / LC50 or LC90 of 
the other compound ×100

Down-regulation of SFch-1 following 72h of exposure 
to LC50 of the tested compounds were demonstrated using 
RT-qPCR (Fig. 1A). Analysis showed a decrease in the 
abundance of SFch-1mRNA transcript. Gene down-
regulation was shown to be significant (p<0.05) with 
expression of SFch-1 being reduced with -1.43 and - 2 fold 
in response to treatment with 120 μM, and 200 μM for 
golden piller and galangal, respectively, relative to control 
without treatment.

Furthermore, qPCR analysis revealed that SFch-2 
mRNA transcript levels was also significantly (p < 0.05) 
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down regulated following 72h of exposure to LC50 of the 
tested compounds (Fig. 1B). The abundance of SFch-
2 mRNA transcript being -1.47 and -1.75 fold lower, 
respectively for golden piller and galangal, relative to 
control without treatment.

Fig. 1. Transcript levels after normalization with Actin 
gene as an endogenous control 72 h post treatment. (A) 
SFch-1 mRNA, (B) SFch-2 mRNA, (C) SFbtl mRNA. 
Mean ± SEM of three replications are shown. Means with 
the different letters are significantly different (p= 0.05; 
ANOVA; with Tukey Kramer Multiple Comparison).

Not only did exposure to LC50 of the tested 
compounds cause down regulation of SFch-1 and SFch-2 
genes, there was also evidence that SFbtl gene was down 
regulated (Fig. 1C). qPCR analysis revealed that after 
72h of exposure transcript levels were significantly (p < 
0.05) down regulated by -1.43 and -1.73 fold, respectively 
for golden piller and galangal, relative to control without 
treatment.

DISCUSSION

The broad utilization of the manufactured chemical 
insecticides cause biological imbalance due to disruption 
of beneficial species such as parasites and predators beside 
the loss of pollinating insects such as honey bees. Plant 

derivatives and natural products of plants are great options 
in contrast to synthetic insecticides currently used for insect 
control because they constitute rich sources of bioactive 
chemicals (Gahukar, 2014). Plant-derived materials are 
observed to be very effective against insecticide resistant 
insect pests, moreover, they are biodegradable (Velasques 
et al., 2017). 

Chitin is a polymer of N-acetylglucosamine, accounts 
for about 3–13% (w/w) of the insect dry weight (Grifoll-
Romero et al., 2018). It works as platform material, 
supporting the cuticles of the epidermis and trachea as 
well as the peritrophic matrices coating the gut epithelium 
(Kelkenberg et al., 2015). Some insecticides target 
processes unique to insects, such as the biosynthesis of 
chitin, an intense, semitransparent polysaccharide that is 
the fundamental component of the insect’s exoskeleton, 
key insecticide target groups include insect growth 
regulators.

Cell differentiation and cell movements during 
the development of multicellular animals is controlled 
by intercellular signalling via growth factors (Sun and 
Stathopoulos, 2018). Several studies argue that FGF 
signalling is used in multi-step morphogenetic processes 
to achieve and maintain a transitional state of the cells 
required for the control of cell fate. These FGF receptors 
affect gene expression, cell shape and cell–cell interactions 
during mesoderm layer formation, caudal visceral muscle 
(CVM) formation, tracheal morphogenesis and glia 
differentiation (Burguera et al., 2017).

The botanical extracts tested proved to be strong cell 
growth inhibitor. Data obtained in this context clearly 
demonstrated that golden piller is more toxic and potent 
than galangal, a likely explanation, may be due to variation 
of the photochemical structure of these oils (Obeng-Ofori 
et al., 1997; Tapondjou et al., 2005). previous work done 
by (Khalaf et al., 2009) showed that golden piller rich in 
alpha pinene (67.94%) and trans-caryophyllene (5.10%), 
while galangal rich in 1,8-cineole (72.33%) and 4-terpeniol 
(3.61%). Although, isolated compounds from the 2 oils are 
terpenoids, monoterpene and sesquiterpene, the number 
of methyl and hydroxyl groups in golden piller is greater 
than galangal (Khalaf et al., 2009), this could give another 
likely explanation of the higher toxicity of golden piller 
than galangal (Khalaf et al., 2009; Regnault-Roger et al., 
2012).

Exposure to LC50 of the tested botanical extracts 
induced quantifiable effects, resulting in reduction of 
gene expression after 72h RT-qPCR analysis, showed 
that transcript levels for SFch-1 and SFch-2 genes were 
down-regulated. Likely explanation, may be due to those 
2 volatile oils belong to terpen group and may act as IGRs 
or juvenoids (Tripathi, 1998; Tawatsin et al., 2006). The 
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obtained results in this context were in agreement with 
the findings of many authors tested different plant extracts 
against various insects and they found severe damage in the 
integument, cuticular abnormalities, lack of differentiation 
between exocuticle and endocuticle, destruction of the 
basement membrane and appearance of vacuoles between 
cuticle and hypodermis and detachment of cuticle from 
hypodermis (Hashem et al., 2018). Moreover, down-
regulation of SFbtl (Fibroblast growth factor receptor 
gene) was observed after exposure to LC50 of the tested 
botanical extracts. Thus the reduction in SFbtl gene 
expression could give a likely explanation for inhibition 
of cell growth in this study, as the Fibroblast growth 
factor receptor control cell fate as well as proliferation, 
cell survival, differentiation and cell migration (Sharma 
et al., 2015; Burguera et al., 2017). Although statistically 
significant changes in expression were detected, the 
levels of down-regulation were low and might indicate 
another mechanism for the toxicity of these extracts. Some 
more work using illumina RNA-seq to demonstrate and 
understand the relationship between gene expression level 
and the exact mechanism with other genes and pathways 
should be done.

 
CONCLUSION

In conclusion, the outcomes introduced in this context, 
not just feature the mode of action of the tested botanical 
extracts during the process of chitin formation and 
degradation in S. frugiperda Sf9 cell line, it likewise gives 
another clarification for bioassays obtained results and 
malformations, and demonstrate the feasibility to develop 
bioassays to screen target genes for the construction of 
transgenic plants and bio-insecticides for pest control.
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