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ABSTRACT

Background: Diazinon and Malathion are organophosphorus toxins. Ginger has been widely
recognized for its antioxidant properties, and its ethanolic extract has shown potential therapeutic
effects. This study aimed to evaluate the antioxidant effect of ethanolic ginger extract on toxicity
caused by diazinon and malathion in human lung epithelial cells. Organophosphorus toxins are known
to induce oxidative stress and cellular damage.

Materials and Methods: The ginger roots were crushed and solved in 70% ethanol. The ethanol
solution was then removed by evaporation using a rotary evaporator to obtain a concentrated extract.
To assess cell growth inhibition, the MTT assay was employed. Lipid peroxidation levels were
determined using TBA reagents. Additionally, the glutathione content in human lung epithelial cells
was measured using the DTNB reagent.

Results: The ginger extract in combination with malathion and diazinon led to a significant increase in
cell viability, particularly at higher doses, compared to the control group (P<0.05). The ethanol extract
of ginger exhibited a dose-dependent reduction in the MDA level in the treated groups, which was
significantly lower than that of the control group (P<0.05). Moreover, the treatment groups receiving
doses of 100, 500, and 1000 pg/ml of ginger extract showed a significant increase in glutathione
levels (P<0.05). The protective effects were particularly pronounced at doses of 500 and 1000 pg/ml
of ginger extract.

Conclusion: The ethanolic extract of ginger possesses significant antioxidant properties, which can
mitigate the toxicity caused by diazinon and malathion in human lung epithelial cells.
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Introduction

rganophosphorus pesticides, such as diazi-

non (DZ) and malathion, are widely used

in agriculture and residential settings [1].

Initially, the application of pesticides was
introduced as a means to prevent, control, and eradicate
undesirable insects, pests, and the diseases they carry [2].
However, the escalated usage of these chemical com-
pounds has raised significant concerns both for the envi-
ronment and public health [1]. Malathion, an organophos-
phate insecticide, is applied in agriculture, commercial
extermination, fumigation, veterinary practices, as well as
domestic and public health initiatives [3]. Due to its low
toxicity to mammals, malathion has become one of the
most commonly employed organophosphate compounds
in the United States, consequently serving as a primary
source of occupational pesticide exposure [4]. DZ, chemi-
cally known as O,O-diethyl-O-[2-isopropyl-6-methyl-4
pyrimidinyl] phosphorothioate, is an organophosphorus
compound extensively utilized as a soil pesticide in agri-
cultural practices [5]. The presence of DZ in fruits and veg-
etables has emerged as a global concern. DZ demonstrates
various toxic effects in experimental animals. It induces
significant histopathological lesions in the liver, kidney,
and brain, resulting in damage to several organ systems
[6]. Apart from DZ and malathion’s primary mechanism
of action as acetylcholinesterase inhibitors, evidence sug-
gests that organophosphorus pesticides can induce oxida-
tive stress and cellular damage in various organs, including
the lungs [7, 8]. Oxidative stress arises from an imbalance
between the production of reactive oxygen species (ROS)
and the body’s antioxidant defense mechanisms. Exces-
sive ROS production leads to oxidative damage, including
lipid peroxidation, protein oxidation, and DNA damage.
The lungs, being constantly exposed to environmental pol-
lutants and airborne toxins, are particularly susceptible to
oxidative stress-induced injuries [9].

Ginger (Zingiber officinale) is a medicinal plant known
for its various therapeutic properties. It contains bioactive
compounds, such as gingerols, shogaols, and paradols,
which possess potent antioxidant and anti-inflammatory
activities [10, 11]. In the context of organophosphorus
pesticide toxicity, it is crucial to explore potential natural
remedies that can mitigate oxidative stress and protect
lung health [12]. Understanding the protective effects
of ginger in the context of organophosphorus pesticide-
induced toxicity could provide valuable insights for de-
veloping preventive and therapeutic strategies. The aim
of this study was to evaluate the antioxidant effect of
ethanolic ginger extract on human lung epithelial cells
exposed to DZ and malathion.
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Materials & Methods

Preparation of the botanical sample and extraction
process

To obtain the ginger extract, 10 g of ginger root was
subjected to maceration in 70% ethanol at a ratio of 1:5
(w/v) for 72 hours. The ethanol was then evaporated
using a rotary evaporator (Heidolph, Schwabach, Ger-
many) until 99% of the solvent was removed. To obtain
a pure extract, a fresh solvent was added three times. The
concentrated extract was subsequently stored at 4 °C un-
til it was ready for use.

Cell culture

In this study, the BEAS-2B cell line was utilized, which
was obtained from the Pasteur Institute of Iran. To initi-
ate cell culture, a flask containing culture medium, com-
posed of DMEM, 1% Pen Strep, and 10% FBS, was pre-
pared and cells were cultured in 5% CO, at 37 °C.

MTT assay

The cell suspensions were then incubated until reach-
ing the log phase of growth, approximately 10° cells.
When the primary culture approached confluence, the
flask was incubated with trypsin-EDTA for 5 minutes to
detach the cells. Subsequently, 100 uL of the cell suspen-
sion was added to 96-well plates and allowed to incubate
for 4 hours. Following a 24-hour incubation period, the
cell line was subjected to a single dose of malathion and
DZ. Additionally, ginger was administered at concentra-
tions of 0.1, 1, 10, 100, 500, and 1000 g/mL. The cells
were then incubated for 48 hours. Subsequently, each
well was treated with 50 pL of MTT solution and incu-
bated for 4 hours. After removing the contents of each
well and washing them with phosphate-buffered saline,
50 pL of dimethyl sulfoxide (DMSO) was added to dis-
solve the formazan dye. Finally, the absorbance of the
wells was measured at 490 nm and 630 nm using an
ELISA reader.

Glutathione (GSH) concentration measurement

The GSH level in the cells was measured using DTNB
(5,5'-dithiobis [2-nitrobenzoic acid]) as the indicator, and
a spectrophotometer (UV-1601 PC, Shimadzu, Japan) was
employed to determine the GSH content. In brief, a 0.5 ml
sample or standard solution was mixed with 0.25 ml of 1
M sodium phosphate buffer (pH 6.8) and 0.5 ml of DTNB.
After 5 minutes, the absorbance of the mixture was mea-
sured at 412 nm using the spectrophotometer. The GSH
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concentration was calculated based on a standard curve
generated using known GSH concentrations, and the results
were expressed as micromoles (uM). This method provided
a quantitative assessment of the GSH levels in the cells, al-
lowing for the evaluation of the impact of the experimental
conditions on the cellular antioxidant status.

Lipid peroxidation assessment

For lipid peroxidation assessment, the level of malondi-
aldehyde (MDA) was measured using the thiobarbituric
acid (TBA) test. A cell suspension was mixed with TBA
reagent (0.1 mL) and phosphoric acid (0.1 mL). The mix-
ture was then subjected to a warm water bath at 100°C for
30 minutes, followed by 5 minutes of cooling on ice. Af-
ter cooling, n-butanol (0.2 mL) was added to the mixture,
thoroughly shaken, and then centrifuged for 10 minutes at
3500 rpm. The supernatant was collected, and the absor-
bance of the resulting solution was measured at 532 nm
using a BioTek ELx800 microplate reader.

Statistical analysis

The results were presented as Mean+SD, which was
calculated based on three repetitions of the experiment.
All statistical analyses were performed using Prism sta-
tistical software, version 9. To compare the data, a one-
way analysis of variance (ANOVA) was conducted,
followed by the Tukey test as the post-test for pairwise
comparisons. A P<0.05 was considered to indicate a sig-
nificant difference between the groups.
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Results
The effect of ginger along with DZ and malathion

Malathion and DZ, both individually and in combina-
tion with ginger at all doses, exhibited a significant im-
pact on cell viability compared to the control group, as
well as naringin at a dose of 500 and ginger at a dose
of 1000 (P<0.05). Furthermore, when compared to the
naringin group, the combination of DZ with ginger at
all doses displayed a significant effect (P<0.05). Nota-
bly, the combination of DZ with ginger at all doses re-
sulted in a significantly higher cell viability compared
to DZ alone (P<0.05). The results indicated that as the
ginger dose increased, there was a significant enhance-
ment in cell viability. These findings suggest a potential
beneficial effect of ginger in mitigating the toxic effects
induced by DZ and enhancing cell viability (Figures 1
and 2). Combining malathion with ginger at concentra-
tions of 500 and 1000 pg/mL resulted in a significant im-
provement in cell viability compared to using malathion
and DZ alone (P<0.05) (Figures 1 and 2).

The effect of ginger on oxidative stress markers

As shown in Table 1, treatment led to a decrease in
GSH levels, which ginger treatment, in a dose-depen-
dent manner, can suppress (P<0.05). Moreover, mala-
thion and DZ treatment led to an increase in LPO levels,
which can be suppressed with ginger treatment in a dose-
dependent manner (P<0.05).

Figure 1. The effect of ginger in combination with diazinon on cell viability

"P<0.05, "P<0.01, "P<0.001, ""P<0.001.
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Figure 2. The effect of ginger in combination with malathion on cell viability
Mt: Malathion.
"P<0.05, "P<0.01, "P<0.001, ""P<0.001.

Table 1. The effect of ginger on oxidative stress markers in study groups

Variables GsH tpo
Groups Diazinon Malathion Diazinon Malathion
Control 98.67(0.58) 97(1) 2.24(0.83) 2.24(0.93)
Narenjin 500 98.33(0.578) 98.33(0.58) 1.38(0.68) 1.38(68)
Ginger 1000 96.67(0.58) 96.67(0.58) 3.53(0.61) 3.53(0.61)
Malathion 58.67(1.07) 58.67(1.07) 71.04(0.96) 71.24(0.70)
Diazinon 62.16(1.92) 62.16(1.92) 67.56(1.45) 67.59(0.76)
Go.1 65(0.99) 66.06(0.94)° 66.01(0.95)° 64.11(1.01)°
G1 67.16(0.92)° 68.69(1.14)* 63.1(0.92)° 61.66(0.57)°
G 10 69.23(.62) 71.47(1.47)* 59.7(1.11) 58.59(1.24)*<
G 100 78.3(1.47)* 76.23(0.43)* 55.6(0.88)" 54.36(0.89)<
G 500 82(1)** 79.63(1.11)** 49.97(0.92)*< 48.76(0.67)cde
G 1000 79(1)%* 76.93(0.90)* 51.65(0.59)* 53.4(1.39)*<

LPO: Lipid peroxidation, GSH: Glutathione.
Significant statistical differences between groups in each index are indicated by the different superscript letter (P<0.05).

—
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Common letters in each column indicate a significant
difference between two groups of the same column (for
example, in column 1, the letter ‘a’ indicates a significant
difference between the G 0.1 group and the G 100, 500,
and 1000 groups).

Discussion

The present study aimed to assess the anti-oxidative
properties of ginger extract on DZ and malathion toxic-
ity in human lung epithelial cells. The findings revealed
significant effects of ginger extract on cell viability,
lipid peroxidation, and GSH levels, indicating its po-
tential as a protective agent against organophosphorus
toxin-induced toxicity. Firstly, the combination of mala-
thion and DZ with ginger extract resulted in a notable
increase in cell viability, especially at higher doses. This
suggests that ginger extract may have a positive impact
on cell survival and protection against the cytotoxic ef-
fects of these toxins. The observed increase in cell vi-
ability could be attributed to the antioxidant properties
of ginger extract, which may help mitigate the oxidative
stress induced by the toxins. The antioxidant effects of
ginger have been confirmed previously. In this regard,
Masuda et al. reported that the antioxidant activity might
be due to not only the radical scavenging activity of an-
tioxidants but also the affinity of the antioxidants for the
substrates [ 13]. Moreover, Tohma et al. demonstrated the
antioxidant properties of ginger extracts, suggesting that
the consumption of the extract may reduce or delay the
development of diseases associated with oxidative stress
due to an imbalance in antioxidant supplementation [14].

Furthermore, the ethanol extract of ginger demonstrat-
ed a dose-dependent reduction in MDA levels compared
to the control group. MDA is a marker of lipid peroxida-
tion, and elevated MDA levels indicate cellular damage
caused by oxidative stress. The significant decrease in
MDA levels suggests that ginger extract has the ability to
inhibit lipid peroxidation induced by DZ and malathion.
This protective effect can be attributed to the presence
of bioactive compounds in ginger extract, such as ginger
and other phenolic compounds, which possess strong an-
tioxidant properties [15]. In addition, the assessment of
GSH levels in the treatment groups revealed a significant
increase in cells treated with various doses of ginger ex-
tract. GSH is a key antioxidant molecule involved in cel-
lular defense against oxidative stress [16]. The elevation
of GSH levels indicates the enhanced antioxidant capac-
ity of the cells, which may contribute to the reduction
of toxicity induced by DZ and malathion [17]. Ginger
extract may stimulate the synthesis of GSH or prevent its
depletion, further strengthening the cellular antioxidant

Res Mol Med, 2024; 12(1):23-30
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defense mechanism [18]. Previous studies have demon-
strated the ability of ginger to effectively scavenge ROS
and prevent oxidative damage induced by malathion.
Additionally, ginger has been found to reduce lipid
peroxidation by acting as a scavenger for free radicals.
Moreover, ginger extract has been shown to lower lipid
peroxidation levels and increase GSH levels [19, 20]. In
the liver and kidney, ginger extract can decrease Mala-
thion toxicity through liver enzyme modulation and anti-
oxidant effects [21]. The anti-oxidative properties of gin-
ger may be associated with its protective mechanisms, as
GSH plays a crucial role in regulating ROS.

Moreover, earlier research has indicated that ginger
possesses antioxidant properties, as it has been found to
decrease oxidative stress induced by cisplatin [19]. This
suggests that ginger has the ability to mitigate oxida-
tive damage through its anti-oxidative effects. Notably,
the protective effects of ginger extract were more pro-
nounced at doses of 500 and 1000 pg/ml. This suggests
a dose-dependent response, where higher concentrations
of ginger extract lead to greater protection against toxin-
induced toxicity. However, it is important to consider the
potential toxicity or adverse effects of higher doses of
ginger extract, which should be further investigated to
ensure safety and optimal therapeutic efficacy. A differ-
ent study demonstrated the hepatotoxic and nephrotoxic
effects of malathion, emphasizing the importance of
avoiding its exposure and providing protection through
the supplementation of a mixture containing ginger and
zinc [22]. The findings of this study provide valuable in-
sights into the anti-oxidative properties of ginger extract
against DZ and malathion toxicity in human lung epithe-
lial cells. Ginger extract demonstrated significant pro-
tective effects, including increased cell viability, reduced
lipid peroxidation, and enhanced GSH levels. These
results support the potential use of ginger extract as a
natural antioxidant in combating organophosphorus tox-
in-induced lung toxicity. Further studies are warranted to
elucidate the underlying molecular mechanisms and to
evaluate the effectiveness of ginger extract in vivo and
in clinical settings.

Conclusion

The ethanolic extract of ginger possesses significant
antioxidant properties, which can mitigate the toxicity
caused by DZ and malathion toxins in human lung epi-
thelial cells.

—
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