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Abstract

Background: Diazinon is an organophosphorus pesticide extensively used to control pests. Although much evidence suggests that
diazinon may have toxic effects in humans, it is still used in large amounts in many countries.

Objectives: The current study investigated the effect of diazinon on human lung fibroblast cell line (MRC-5) and the possible pro-
tective effect of Sambucus ebulus methanol leaf extract.

Methods: We treated MRC-5 cells with 5,10, 25,50,and 100 M concentrations of diazinon and analyzed the expression levels of two
genes from phase I and phase II detoxification (cypial and gstmi, respectively) and two DNA damage sensor and apoptosis marker
genes (pmaipl and diras3, respectively) in treated cells. Furthermore, the effects of 5,10, 20, 40, and 80 pg/mL of the extract in com-
bination with 50 M of diazinon were investigated on the mRNA levels of the selected genes in MRC-5 cells.

Results: Diazinon could strongly upregulate cypial and diras3. The diazinon concentrations of less than 100 M significantly in-
duced gstmi1 and pmaip1 expression in treated cells compared to controls. The mixture of diazinon and extract dramatically down-
regulated gstm1 and pmaip1 expression in treated cells but strongly elevated the mRNA levels of diras3 and slightly induced cyp1a1
expression in MRC-5 cells.

Conclusions: Based on the study, exposure to high concentrations of diazinon may induce DNA damage and apoptosis. In addition,
S. ebulus extract had a high potential for free radical scavenging; however, the genotoxic effects of the extract were also observed.
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1. Background Much evidence suggests that exposure to diazinon
may cause neurotoxicity, cardiotoxicity, and vascular tox-
icity (5). Furthermore, the elevated incidence of lung can-
ceramong licensed diazinon applicators was observed in a

recent study (6).

Diazinon  (0,0-Diethyl = O-[4-methyl-6-(propan-2-
yl)pyrimidin-2-yl] phosphorothioate) is a well-known
organophosphate pesticide that was invented during
World War II and commercially introduced in 1952 (1).
Diazinon acts through chemical binding to the acetyl-
cholinesterase (AChE) enzyme to inhibit it. The World
Health Organization (WHO) classifies diazinon as class II

Oxidative stress caused by the metabolism of pesti-
cides may be responsible for permanent damage to cellu-
lar mechanisms (7). Several studies have used various an-

“moderately toxic” chemicals (2). Relative water solubility
(40 mg per liter) and moderate mobility and persistence
of diazinon raise concerns about the potential contami-
nation of groundwater by this chemical. Diazinon can be
detected in the environment as long as four months after
application (3). Diazinon accounts for more than half of
the insecticides used in Iran (4).

tioxidants to alleviate pesticide-induced oxidative stress in
animal models (8). Recently, Al-Attar et al. demonstrated
that pretreatmentwith grapeseed oil had protective effects
against diazinon toxicity in rats, which may be due to the
antioxidant role of its constituents (9).

Sambucus genus belongs to Caprifoliaceae and includes
18 species all over the world. Four species of the genus

Copyright © 2019, Annals of Military and Health Sciences Research. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in

noncommercial usages, provided the original work is properly cited.


http://ajaums.com
http://dx.doi.org/10.5812/amh.92957
https://crossmark.crossref.org/dialog/?doi=10.5812/amh.92957&domain=pdf
https://orcid.org/0000-0002-8270-9499
https://orcid.org/0000-0001-6235-7732
https://orcid.org/0000-0002-8769-9912
https://orcid.org/0000-0002-4164-860X

Soleimani M et al.

are growing in Iran. Of these species, S. ebulus exten-
sively grows in moist grasslands and forest margins on the
Northern coast of Caspian Sea. It has been reported that
S. ebulus extract has anti-hemorrhoid, antiprotozoal, and
antibacterial properties against Helicobacter pylori and it
is effective in the treatment of burns, infectious wounds,
edema, and eczema (10). In addition, significant antioxi-
dant activities of S. ebulus extracts have been reported (11,
12). Recently, good antiemetic, neuroprotective, antide-
pressant, anti-inflammatory, and wound healing activities
of this plant have been proven (13, 14).

2. Objectives

The aim of this study was to determine the effect of
diazinon on the expression levels of two genes involved
in phase I and phase Il xenobiotic metabolism (cyp1a1 and
gstmi, respectively) and two genes involved in DNA dam-
age sensing and apoptosis (pmaip1 and diras3, respectively)
in MRC-5 cells. Furthermore, the protective effect of the
methanol extract of S. ebulus leaves was examined against
diazinon toxicity in the MRC-5 cell line.

3. Methods

3.1. Materials and Method

High-purity diazinon (> 98%) was purchased from
Sigma-Aldrich. All cell culture reagents were obtained
from Gibco™. MTS assay materials were provided by
Promega (Madison, WI, USA) and kits for qPCR experiments
were supplied by Qiagen (Germany).

3.2. Cell Culture

The human fetal lung fibroblast cell line (MRC-5) was
purchased from the National Cell Bank of Iran (NCBI, Code
C125) and cultured in Dulbecco’s modified eagle medium
(DMEM) supplemented with 10% (vol.) fetal bovine serum
(FBS), 1% (vol.) of 25 mM Glutamax, and 1% (vol.) non-
essential amino acids (NEAA). Cells were maintained at
37°C in a humidified atmosphere containing 5% CO,. Cell
culture media were refreshed every two days.

3.3. Plant Materials

Sambucus ebulus (L.) leaves were collected from Sari,
Iran. Leaves were identified by Dr. Bahman Eslami and
a voucher (No. 1395) was deposited at the Herbarium of
Sari School of Pharmacy. Plant materials were air-dried and
then coarsely grounded to about 2 - 3 mm. Leaves were
extracted by the maceration method using methanol as
the extracting solvent for 72 hours. The resulting extract
was concentrated overarotaryvacuum (about35°C)until a
crude solid extract was obtained that was then freeze-dried
for complete solvent removal.

3.4. Diazinon Cytotoxicity Assessment

To determine the toxic concentration of diazinon for
MRC-5 cells, diazinon was diluted using cell culture grade
DMSO to prepare a stock solution of 1 M that was stored in
a light-protected container at room temperature. MRC-5
cells were seeded in 96-well cell culture plates at a density
of 7000 cells/well and incubated for 48 hours. After that,
the plated cells were washed using DPBS and treated with
a range of diazinon concentrations (10 to 1000 M) with
three replicates for 24 hours. Cells were serum-starved dur-
ing treatments. After 24 hours, 20 uL of the MTS/PMS solu-
tion was added to 200 pL of each well and optical density
was recorded at 492 nm after 4 hours. The 50% inhibitory
concentration (ICsy) of cell proliferation was directly deter-
mined from the dose-response curve.

3.5. Leaf Extract Cytotoxicity Assessment

The toxic and inhibitory concentration of S. ebulus
extract was determined by the MTS assay as mentioned
above. The extract was dissolved using high-purity water
and 4% tween 80 to a stock solution of 150 mg/mL and
stored at 4°C. MRC-5 cells were treated with a range of ex-
tract concentrations (5 to 1500 ug/mL) and the toxic and
inhibitory concentrations of the extract were determined
using the dose-response curve.

3.6. RNA Extraction and Real-Time qPCR

To assess the effect of diazinon alone or in combination
with the extract on gene expression levels, MRC-5 cells were
cultured in 6-well cell culture plates at a density of 15 x 10*
cells per well for 48 hours. After seeding, the cells were ex-
posed to the vehicle (0.01% DMSO) and diazinon concen-
trations of 5, 10, 25, 50 and 100 uM. For extract treatment,
cells were treated with 50 M of diazinon in combination
with o0 (DPBS), 5,10, 20, 40, and 80 pg/mL of the leaf extract
for 24 hours. To mimic the in vivo condition of exposure
to organophosphate pesticides, we used the in vitro con-
centrations of diazinon in a range of 5-100 M that had
demonstrated as the most appropriate concentrations (15).
Moreover, according to the results of gene expression anal-
ysis in response to diazinon, we used 50 M of diazinon so-
lution combined with a range of extract concentrations (5
-80 pug/mL). Total RNA was extracted using the RNeasy Mini
Kit (Qiagen) and complementary cDNA was synthesized
using the QuantiNova Reverse Transcription Kit (Qiagen)
from 1 pg of freshly prepared RNA. The quality and quan-
tity of extracted RNA were evaluated by Nanodrop (Ther-
mofisher, USA) and 1% agarose gel electrophoresis. All ex-
periments were done in triplicate.

Real-time qPCR was performed in Rotor-gene 6000
(Corbett) using the QuantiNova SYBR Green PCR kit (Qia-
gen) in a final volume of 10 L reaction mix. Gapdh was
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used as thereference gene and relative gene expression lev-
els compared to control cells were evaluated by the com-
parative AACT method as described elsewhere (16). The
reference and target gene primers are shown in Table 1.

3.7. Statistical Methods

Data analysis was performed using SPSS V. 24 for Win-
dows. Two-way analysis of variance (ANOVA) was used to
evaluate the significance of differences in gene expression
levels between the treated groups and the control group.
In addition, the Dunnett test was used for further statisti-
cal comparisons. The data were expressed as means = stan-
dard deviation and P values of less than 0.05 were consid-
ered significant.

4. Results

Cytotoxicity assessment of diazinon disclosed that no
significant inhibition in the MRC-5 cell proliferation oc-
curred at concentrations below100 ;4M. However, diazinon
concentrations of more than 125 M dramatically inhib-
ited the MRC-5 cell proliferation and the concentration of
950 M decreased MRC-5 cells viability to 50% (Figure 1).

To assess the influence of diazinon on cypiai, gstmi,
pmaipi, and diras3 mRNA expression levels, we exposed the
MRC-5 cell line to 5, 10, 25, 50, and 100 uM of diazinon for
24 hours. DMSO-treated cells were considered as the con-
trol cells (Figure 2). The significant Dunnett’s test results of
gene expression analysis in Figure 2 are shown in the sup-
plementary file (Appendix 1).

As shown in Figure 3, the viability of MRC-5 cells ex-
posed to 5 to 80 p1g/mL of the extract did not significantly
differ from the viability of control cells but the extract
concentrations of more than 100 pg/mL inhibited the cell
growth and the IC;s, of the extract was determined to be
about 780 pg/mL. Accordingly, in the rest of the experi-
ments, 80 ug/mL of the extract was used as the plausible
concentration.

To investigate the effect of the extract in combination
with diazinon on cyp1ai, gstmi, diras3, and pmaipi mRNA ex-
pression levels, we exposed MRC-5 cells to the mixtures of
50 uM of diazinon with 5, 10, 20, 40 and 80 pg/mL of the
extract or DPBS as the control group (Figure 4). The results
of Dunnett’s test analysis for gene expression are shown in
the supplementary file (Appendix 2).

5. Discussion

A major human health concern about commonly used
agricultural pesticides such as organophosphate pesti-
cides seems to be due to their genotoxic effects (17). The ele-
vated risk of cancer due to pesticide exposure indicates the
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lack of adequate knowledge of pesticides’ metabolisms
and carcinogenicity and the need for a medicine or med-
ical herb to decrease the adverse effects of pesticide
metabolites.

The results of the current study indicated that the
cyplal gene was strongly induced by the pesticide, as ex-
pected. Elisson et al. showed that the activation of di-
azinon is primarily catalyzed by the CYP1A1 enzyme (18).
We found that the minimum concentration of diazinon to
significantly induce the cyp1a1 expression was 25 uM that
could upregulate the cypial expression by 4.91 folds (P =
0.029).

As exposure to agricultural pesticides can induce ox-
idative stress in cells (19) and diras3 has a key role in the
initiation of apoptosis, diazinon treatment elevated diras3
mRNA levels compared to the control group, as expected.
Diazinon concentrations of more than 25 ;M significantly
elevated the diras3 mRNA levels compared to control cells
(P < 0.05 for all comparisons).

In the current study, we found that the upregulation of
gstm1 mRNA levels occurred in almost all treatment condi-
tions except for the cells treated with 100 M of diazinon.
Previous studies illustrated that organophosphate pesti-
cides such as chlorpyrifos are the inducers of gstmi (17),
which is in accordance with our results.

As shown in Figure 2, only could 25 and 50 M concen-
trations of diazinon significantly induce pmaipt mRNA (by
1.7 and 2.2 folds, respectively). These results show that di-
azinon is not a potent inducer of pmaip1. Contrary to our
results, previous studies demonstrated that exposure to
agricultural pesticides such as paraquat (a kind of herbi-
cide) resulted in the elevation of apoptotic markers such
as pmaip1(20).

As observed for MRC-5 cells exposed to diazinon, the
cyplal mRNA levels were induced by a mixture of 50 uM
of diazinon and 20 or 80 ug/mL of the extract by 1.96 and
1.92 folds, respectively. It has been demonstrated that ex-
tracts obtained from other herbs such as K. parviflora sig-
nificantly enhanced CYP1A1 activity. Thus, further investi-
gation should determine the effects of herbs in combina-
tion with pesticides on cellular mechanisms (21).

The diras3 mRNA levels in response to 20 or 40 j1g/mL
of the extract in combination with 50 M of diazinon were
significantly elevated by 9 and 8.5 folds (P=0.033 and 0.47,
respectively). Contrary to our imagination, the results il-
lustrated that the extract itself had genotoxic effects and
might induce oxidative stress. Nevertheless, other studies
pointed to the neuroprotective role of S. ebulus fruit extract
against oxidative stress (14). Itis possible thata component
of the leaf extract is the reason for diras3 induction that
does not persist in the fruit extract.

Conversely, the mixture of the extract and pesticide
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Table 1. Sequences of Primers Used in Real-Time qPCR

Gene Name Direction Sequence (5’ to3’) Amplicon Size (Base Pair)
Forward TTCCGTGTTCCTACCC
gapdh 167
Reverse GCTGTTGAAGTCGCAG
Forward GTACACGATGGGGGACGCTC
gstm1 178
Reverse TTCTGTCTCCCCACACAGGTTG
Forward TCAGTACCTCAGCCACCTCCAAG
cypial 200
Reverse GGTCAGCATGTGCCCAATCAGA
Forward GTCGGAATATAAAACCGCGGAGGAG
diras3 132
Reverse GGCAGCAGGAGACCCCTTTC
Forward TCCTGCAGCTGTCCGAGGT
pmaip1 158
Reverse GCACACTCGACTTCCAGCTCTG
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Figure 1. The effect of diazinon on MRC-5 cells viability. For better data illustration, the horizontal axis shows a logarithmic scale.

strongly decreased the gstmi mRNA levels in treated cells
compared to controls (P < 0.05 for all comparisons). Re-
cent studies showed that serum glutathione levels in-
creased in the presence of diazinon and significantly de-
creased in the presence of a mixture of olive oil and di-
azinon, suggesting that oils or extracts of some plants or
herbs may have a high capacity of antioxidant activity (9).

Surprisingly, the pmaip1 gene transcriptionally de-
creased in MRC-5 cells treated with the mixture of the ex-
tract and pesticide. Research mainly shows that plant ex-
tracts can induce pmaip1 expression. For instance, Elkady
demonstrated that the crude extract of Rhazya stricta, a
medical herb with free radical scavenging properties, in-

duced apoptosis via pmaip1 overexpression in lung cancer
cell line (22).

5.1. Conclusions

In summary, our findings indicated that diazinon ele-
vated the expression of phase I and phase II detoxification
genes. In addition, we illustrated the effect of a medical
herb extract in combination with a commonly used agri-
cultural pesticide on MRC-5 cells. The mixture of the ex-
tract and diazinon upregulated the expression of diras3,
implying that a component of the extract had genotoxic
effects. The extract effectively scavenged free radicals and
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Figure 2. The effect of various concentrations of diazinon on mRNA levels of four tested genes
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Figure 3. The effect of the mixture of 50 ;+M of diazinon and various concentrations of S. ebulus leaf extract on MRC-5 cells viability. For better data illustration, the horizontal
axis shows a logarithmic scale.

downregulated the gstmi1 expression. Further investiga- Supplementary Material
tions need to be performed to determine the toxic and safe

fractions of the extract. Supplementary material(s) is available here [To read

supplementary materials, please refer to the journal web-
site and open PDF/HTML].

Ann Mil Health Sci Res. 2019;17(2):92957. 5


http://ajaums.neoscriber.org/cdn/dl/08b6e9f0-8d07-11e9-99a5-73d5e952a498
http://ajaums.com

Soleimani M et al.

The Effect of S.ebulus Extract in Combination
with Diazinon
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Figure 4. The alternation in mRNA levels of tested genes in response to the mixture of S. ebulus extract and diazinon

Footnotes

Authors’ Contribution:  Study concept and design:
Ramin Golestanian; study supervision: Mohammad
Soleimani; plant material preparation: Mohammad Ali
Ebrahimzadeh; drafting of the manuscript: Rohallah
Mirjani.

Conflict of Interests: The authors state that there is no
conflict of interest.

Ethical Approval: IR. AJAUMS.REC.1396.06.

Funding/Support: This study was funded by a grant from
the AJA Medical University (grant number: 995758).

References

1. Zhang P, Zhang G, Wang W. Ultrasonic treatment of biological
sludge: Floc disintegration, cell lysis and inactivation. Bioresour Tech-
nol. 2007;98(1):207-10. doi: 10.1016/j.biortech.2005.12.002. [PubMed:
16427781].

2. Wang C, Shih Y. Degradation and detoxification of diazinon by sono-
Fenton and sono-Fenton-like processes. Separ PurifTech. 2015;140:6-12.
doi: 10.1016/j.seppur.2014.11.005.

3. Rezaei Kalantary R, Dadban Shahamat Y, Farzadkia M, Esrafili A, As-
gharnia H. Photocatalytic degradation and mineralization of diazi-
non in aqueous solution using nano-TiO2(Degussa, P25): Kinetic
and statistical analysis. Desalin Water Treat. 2014;55(2):555-63. doi:
10.1080/19443994.2014.928795.

. Morteza Z, Mousavi SB, Baghestani MA, Aitio A. An assessment of

agricultural pesticide use in Iran, 2012-2014. | Environ Health Sci
Eng. 2017;15:10. doi: 10.1186/s40201-017-0272-4. [PubMed: 28451437].
[PubMed Central: PMC5404313].

. Colovic MB, Vasic VM, Avramovic NS, Gajic MM, Djuric DM, Krstic

DZ. In vitro evaluation of neurotoxicity potential and oxida-
tive stress responses of diazinon and its degradation products
in rat brain synaptosomes. Toxicol Lett. 2015;233(1):29-37. doi:
10.1016/j.toxlet.2015.01.003. [PubMed: 25562544].

. Jones RR, Barone-Adesi F, Koutros S, Lerro CC, Blair A, Lubin J, et al.

Incidence of solid tumours among pesticide applicators exposed to
the organophosphate insecticide diazinon in the Agricultural Health
Study: An updated analysis. Occup Environ Med. 2015;72(7):496-503.
doi: 10.1136/oemed-2014-102728. [PubMed: 25907210]. [PubMed Cen-
tral: PMC6423505].

. Akhgari M, Abdollahi M, Kebryaeezadeh A, Hosseini R, Sabzevari

0. Biochemical evidence for free radical-induced lipid peroxida-
tion as a mechanism for subchronic toxicity of malathion in
blood and liver of rats. Hum Exp Toxicol. 2003;22(4):205-11. doi:
10.1191/0960327103ht3460a. [PubMed: 12755471].

. Mansour SA, Gamet-Payrastre L. Ameliorative effect of vitamin E

to mouse dams and their pups following exposure of mothers
to chlorpyrifos during gestation and lactation periods. Toxicol Ind
Health. 2016;32(7):1179-96. doi: 10.1177/0748233714548207. [PubMed:
25234640].

. Al-Attar AM, Elnaggar MHR, Almalki EA. Protective effect of some plant

oils on diazinon induced hepatorenal toxicity in male rats. Saudi
J Biol Sci. 2017;24(6):1162-71. doi: 10.1016/j.5jbs.2016.10.013. [PubMed:
28855808]. [PubMed Central: PMC5562457].

Ann Mil Health Sci Res. 2019;17(2):€92957.


http://dx.doi.org/10.1016/j.biortech.2005.12.002
http://www.ncbi.nlm.nih.gov/pubmed/16427781
http://dx.doi.org/10.1016/j.seppur.2014.11.005
http://dx.doi.org/10.1080/19443994.2014.928795
http://dx.doi.org/10.1186/s40201-017-0272-4
http://www.ncbi.nlm.nih.gov/pubmed/28451437
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5404313
http://dx.doi.org/10.1016/j.toxlet.2015.01.003
http://www.ncbi.nlm.nih.gov/pubmed/25562544
http://dx.doi.org/10.1136/oemed-2014-102728
http://www.ncbi.nlm.nih.gov/pubmed/25907210
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6423505
http://dx.doi.org/10.1191/0960327103ht346oa
http://www.ncbi.nlm.nih.gov/pubmed/12755471
http://dx.doi.org/10.1177/0748233714548207
http://www.ncbi.nlm.nih.gov/pubmed/25234640
http://dx.doi.org/10.1016/j.sjbs.2016.10.013
http://www.ncbi.nlm.nih.gov/pubmed/28855808
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562457
http://ajaums.com

Soleimani M et al.

10.

1.

13.

14.

15.

16.

17.

Rahimi-Esboei B, Ebrahimzadeh MA, Gholami S, Falah-Omrani V. Anti-
giardial activity of Sambucus ebulus. Eur Rev Med Pharmacol Sci.
2013;17(15):2047-50. [PubMed: 23884825].

Ebrahimzadeh MA, Nabavi SF, Nabavi SM. Antioxidant activities
of methanol extract of Sambucus ebulus L. flower. Pak J Biol Sci.
2009;12(5):447-50. [PubMed: 19579986].

Ebrahimzadeh MA, Ehsanifar S, Eslami B. Sambucus ebulus elburen-
sis fruits: A good source for antioxidants. Pharmacognosy magazine.
2009;5(19):213.

Ebrahimzadeh MA, Rafati MR, Damchi M, Golpur M, Fathiazad F. Treat-
ment of paederus dermatitis with Sambucus ebulus lotion. Iran |
Pharm Res. 2014;13(3):1065-71. [PubMed: 25276209]. [PubMed Central:
PMC4177629].

Fathi H, Ebrahimzadeh MA, Ziar A, Mohammadi H. Oxidative damage
induced by retching; antiemetic and neuroprotective role of Sambu-
cus ebulus L. Cell Biol Toxicol. 2015;31(4-5):231-9. doi: 10.1007/s10565-
015-9307-8. [PubMed: 26493312].

Buratti FM, D’Aniello A, Volpe MT, Meneguz A, Testai E. Malathion
bioactivation in the human liver: The contribution of different cy-
tochrome p450 isoforms. Drug Metab Dispos. 2005;33(3):295-302. doi:
10.1124/dmd.104.001693. [PubMed: 15557345].

Livak K], Schmittgen TD. Analysis of relative gene expression data us-
ing real-time quantitative PCR and the 2(-Delta Delta C(T)) method.
Methods. 2001;25(4):402-8. doi: 10.1006/meth.2001.1262. [PubMed:
11846609].

Slotkin TA, Seidler FJ. Oxidative and excitatory mechanisms of de-

Ann Mil Health Sci Res. 2019;17(2):€92957.

18.

20.

21.

22.

velopmental neurotoxicity: Transcriptional profiles for chlorpyri-
fos, diazinon, dieldrin, and divalent nickel in PCi2 cells. Envi-
ron Health Perspect. 2009;117(4):587-96. doi: 10.1289/ehp.0800251.
[PubMed: 19440498]. [PubMed Central: PMC2679603].

Ellison CA, Tian Y, Knaak JB, Kostyniak P, Olson JR. Human hepatic cy-
tochrome P450-specific metabolism of the organophosphorus pesti-
cides methyl parathion and diazinon. Drug Metab Dispos. 2012;40(1):1-
5. doi: 10.1124/dmd.111.042572. [PubMed: 21969518]. [PubMed Central:
PM(C3250044].

. El-Shenawy NS, El-Salmy F, Al-Eisa RA, El-Ahmary B. Amelioratory effect

of vitamin E on organophosphorus insecticide diazinon-induced ox-
idative stress in mice liver. Pestic Biochem Physiol. 2010;96(2):101-7. doi:
10.1016/j.pestbp.2009.09.008.

Chen MH, Hsu LC, Wu JL, Yeh CW, Tsai JN, Hseu YC, et al. Expo-
sure to benzidine caused apoptosis and malformation of telen-
cephalon region in zebrafish. Environ Toxicol. 2014;29(12):1428-36. doi:
10.1002/tox.21873. [PubMed: 23766236].

Mekjaruskul C, Jay M, Sripanidkulchai B. Modulatory ef-
fects of Kaempferia parviflora extract on mouse hepatic cy-
tochrome P450 enzymes. | Ethnopharmacol. 2012;141(3):831-9. doi:
10.1016/j.jep.2012.03.023. [PubMed: 22465145].

Elkady Al Crude alkaloid extract of Rhazya stricta inhibits cell growth
and sensitizes human lung cancer cells to cisplatin through induc-
tion of apoptosis. Genet Mol Biol. 2013;36(1):12-21. doi: 10.1590/S1415-
47572013005000009. [PubMed:  23569403]. [PubMed Central:
PMC3615516].


http://www.ncbi.nlm.nih.gov/pubmed/23884825
http://www.ncbi.nlm.nih.gov/pubmed/19579986
http://www.ncbi.nlm.nih.gov/pubmed/25276209
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4177629
http://dx.doi.org/10.1007/s10565-015-9307-8
http://dx.doi.org/10.1007/s10565-015-9307-8
http://www.ncbi.nlm.nih.gov/pubmed/26493312
http://dx.doi.org/10.1124/dmd.104.001693
http://www.ncbi.nlm.nih.gov/pubmed/15557345
http://dx.doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://dx.doi.org/10.1289/ehp.0800251
http://www.ncbi.nlm.nih.gov/pubmed/19440498
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679603
http://dx.doi.org/10.1124/dmd.111.042572
http://www.ncbi.nlm.nih.gov/pubmed/21969518
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3250044
http://dx.doi.org/10.1016/j.pestbp.2009.09.008
http://dx.doi.org/10.1002/tox.21873
http://www.ncbi.nlm.nih.gov/pubmed/23766236
http://dx.doi.org/10.1016/j.jep.2012.03.023
http://www.ncbi.nlm.nih.gov/pubmed/22465145
http://dx.doi.org/10.1590/S1415-47572013005000009
http://dx.doi.org/10.1590/S1415-47572013005000009
http://www.ncbi.nlm.nih.gov/pubmed/23569403
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3615516
http://ajaums.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Materials and Method
	3.2. Cell Culture
	3.3. Plant Materials
	3.4. Diazinon Cytotoxicity Assessment
	3.5. Leaf Extract Cytotoxicity Assessment
	3.6. RNA Extraction and Real-Time qPCR
	Table 1

	3.7. Statistical Methods

	4. Results
	Figure 1
	Figure 2
	Figure 3
	Figure 4

	5. Discussion
	5.1. Conclusions

	Supplementary Material
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

