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1 | INTRODUCTION

Abstract

Malathion (MA) is a widely used pesticide in agriculture. It can cause toxicity in dif-
ferent organs of the body. Rosmarinic acid (RO) is found in rosemary extract that
can be absorbed through gastrointestinal tract mucosa with potent antioxidant, and
anti-inflammatory potential. The current study is designed to investigate the poten-
tial of RO to protect the lung after MA administration. Forty albino rats were allo-
cated equally to four groups. C-group received corn oil. RO-group received RO orally.
MA-group received MA. MA-RO-group received RO in addition to MA. After three
weeks the lungs were dissected for histopathological and biochemical investigations.
MA-group showed manifestations of severe inflammation with inflammatory cells in-
filtration in the lung. MA-RO-group showed limited inflammatory cell infiltration. C-
group and RO-group appeared with weak anti-survivin immunoreactivity. MA-group
showed strong positive immunoreactivity. The reactivity was weakly positive in MA-
RO-group. MA-group showed a significant decrease in SP-D gene expression in com-
parison to the C-group, in addition, MA-RO-group showed a significant increase in
SP-D expression. In conclusion, the current study approves that oral administration
of MA causes lung injury as it has inflammatory effects, caused by oxidative stress
and reports the potential of RO to protect lung tissue against toxic effects of MA

through its anti-inflammatory, antioxidant, and anti-apoptotic potential.
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of reactive oxygen species (ROS) (Govindarajan et al., 2019; Noaishi
etal, 2013; Ozkan et al., 2014).

Malathion (MA) (diethyl methoxy thio-phosphoryl thio-succinate) is
a widely used insecticide that could be absorbed through mucous
membranes or skin then converted into malaoxon (Dorri et al., 2015;
Sarabia et al., 2009; Wankhade, 2012). Insecticide could cause ace-
tylcholine accumulation (Al-Attar, 2010) or activate the production

Rosemary is widely used in herbal medicine, that has potent anti-
inflammatory potential (Takaki et al., 2008). Rosmarinic acid (RO) is
the main polyphenols found in rosemary extract (Moore et al., 2016).
RO is absorbed in the gastrointestinal tract (Debersac et al., 2001;
Ward, 2010). Adisruption of oxidative balance was found to be important
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in the pathogenesis of lung inflammatory diseases, such as acute lung
injury and acute respiratory distress syndrome (Crimi et al., 2006).
Survivin, a member of the inhibitor of apoptosis family, inhibits caspase-
mediated cell death by increasing inhibition of caspase through binding
the X-linked inhibitor of apoptosis. (Terasaki et al., 2013). They found
clear evidence of survivin-positive epithelial cells of bronchioles and al-
veoli in bleomycin-injured lungs and suggested that it may be involved
in lung regeneration and proliferation after acute lung injury. Because
of the excellent bioactivity of Ro, authors hypothesized that supple-
mentation with RO may protect against MA-induced lung injury in rats.
Therefore, the current study is designed to investigate the potential of

RO to protect the lung after MA administration.

2 | MATERIALS AND METHODS
2.1 | Kits and chemicals

All chemicals and kits were purchased from Sino-pharm (China).

2.2 | Animals and experimental design

Forty albino Wistar rats were used with an average of weight 200
gm. Animals were allowed to acclimatize for one week under the
following conditions (in accordance with national and institutional
guidelines): free access to chow and water, 12 light/dark cycles,
temperature 25°C, humidity 55%. Chow and water consump-
tion in addition to mortality and health status were recorded
daily. At the end of the first week, rats were allocated into four
groups (n = 10). Control group (C-group) received 0.5 ml of corn
oil/day by oral gavage. RO treated group (RO-group), received
RO (50 mg kg_1 b.w. day'l) (Domitrovi¢ et al., 2013) in corn oil
vehicle orally by oral gavage. MA treated group (MA-group) re-
ceived MA (100 mg kg™ b.w. day™) in corn oil vehicle (Kalender
et al., 2010). MA +RO treated group (MA-RO-group), received RO
(50 mg kg™t b.w. day™) in addition to MA (100 mg kg™ b.w. day™) in
corn oil vehicle. At the end of the treatment protocol (three weeks)
all rats were euthanized by the help of sodium pentobarbital (in-
traperitoneal injection, 60 mg/kg b.w.). Lungs were dissected. The
right lung was fixed in 10% formalin for histopathological exami-
nations, while the left one was rapidly frozen (-80°C) for further
biochemical studies.

2.3 | Histopathological examination

Hematoxylin and eosin staining was done in accordance with Li
et al, (2018). Briefly, the fresh lung was cut into 0.5 cm?® cubes
immediately after extraction from the rats. It was placed in fixa-
tive 10% formalin and left for 48 hr then placed in tissue process-
ing cassettes. By the help of ascending grades of alcohol, tissue is

dehydrated to remove water and formalin traces from tissue then
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TABLE 1 Histopathological scoring criteria
Lesion Criteria Score
Vascular lesion Normal blood vessels 0
Congestion 1
Congestion, edema and 2
hemorrhage
Loss of tunica media 3
of blood vessels and
hemorrhage
Pneumonia Normal lung 0
Mild interstitial 1
pneumonia
Moderate interstitial 2
pneumonia
Marked interstitial 3
pneumonia
Alveolar patency Normal patent alveoli 0
Mild thickening of 1
alveolar septa with
patent alveoli
Moderate thickening of 2

septa with decreasing
alveolar space

Marked thickening of 3
septa with marked
obliteration of alveoli

immersed in xylene to remove alcohol and facilitate paraffin wax
infiltration into the tissue. Cassettes were placed on warm plates
then tissue was removed and immersed in paraffin blocks. After
paraffin solidification, the blocks were cut into 5 pm thick sec-
tions by using a manually operated rotary microtome. Tissue sec-
tions were placed on glass microscope slides, rehydrated, stained
with hematoxylin and eosin. The stained tissue sections were
dehydrated again by ascending grades of alcohol for 10 min then
covered by a coverslip. Scoring was done as per lesion severity as
shown in Table 1.

2.4 | Immunohistochemistry examinations

Immunohistochemistry was done in accordance with Magaki
et al., (2019). Briefly, paraffin embedded tissue sections were
sliced (5 pm thick) and mounted to charged slides. Sections were
deparaffinized and rehydrated. 200 pl of diluted Primary antibody
[polyclonal anti-survivin antibody (1:400), anti-tyrosine-kinase
receptor c-kit antibody (1:50) - mast cell marker] were mounted
to the tissue after dilution with antibody diluent as per manufac-
turer protocol (signal stain diluent). In next morning, slides were
washed by wash buffer for 3 min then covered with two drops
of Signal Stain Boost Detection Reagent followed by incubation
at room temperature in a humidified chamber for 30 min. 200 pl

of SignalStain® DAB (Biocompare) were applied to each section.
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After staining, slides were immersed in distilled water then coun-
terstained with hematoxylin to stain nuclei in blue for better vis-
ualization. Ten fields per section were analyzed by Image J 1.24

version software.

2.5 | Real-time quantitative polymerase chain
reaction (PCR) analysis

PCR (Thermo Fisher, USA) was used for the quantification of pulmo-
nary surfactant protein D (SP-D) genes. Lung samples were lysed by
the help of SE-Quoia Kit (Bio-Rad, USA) (Jonsson et al., 2009), then
transcription of RNA to cDNA was performed. PCR conditions were
(initial denaturation at 96°C [4 min], then forty cycles of 96°C [20 s],
63°C [30 s], and 72°C [30 s]). The primers sequences were summa-
rized in (Table 2).

2.6 | Statistical analysis

Statistical Package for Social Sciences (SPSS) software version 20
(SPSS Inc., USA) was used for data analysis. The statistical signifi-
cance of differences between groups was validated using one-way
analysis of variance (ANOVA) (Lee & Lee, 2018). Post hoc Tukey-
Kramer test was used for group comparison (Kim, 2015). Data were
expressed in mean +standard deviation and probability value was

considered significant if <0.05.

3 | RESULTS

3.1 | Effect of RO on lung histological architecture
after MA administration

Lungs of both C-group and RO-group had normal architecture with
intact patent alveoli with spongy appearance in addition to normal
blood vessels and bronchioles. MA-group showed manifestations of
severe inflammation with inflammatory cells infiltration (in the inter-
alveolar interstitial tissues, peri-bronchial spaces, and peri-vascular
spaces) in addition to areas of hemorrhage. The width of most alveoli
was decreased, few alveoli were completely obliterated. MA-RO-
group showed regain of the normal histological architecture with
limited inflammatory cells infiltration. Histopathological scoring
showed a significant increase in MA-group if compared with C-group
while MA-RO-group showed a significant decrease in comparison to

MA-group (Figure 1).

TABLE 2 List of primers sequences used

Gene Forward primer sequence
SP-D ACTCATCACAGCCCACAACA

p -actin AAGTCCCTCACCCTCCCAAAAG

CWILEY--®%

3.2 | Effect of RO on mast cells infiltration after MA
administration

Histopathological examination of tissue sections stained with anti-
tyrosine-kinase receptor c-kit antibody showed C-group and RO-
group appeared with weak immunoreactivity. MA-group showed
strong positive immunoreactivity denoting severe mast cells infiltra-
tion. The reactivity was weakly positive in MA-RO-group. Scoring
showed a significant increase in MA-group if compared to C-group
while MA-RO-group showed a significant decrease if compared to

MA-group (Figure 2).

3.3 | Effect of RO on survivin immunoreactivity
after MA administration

Histopathological examination of tissue sections stained with anti-
survivin antibody showed C-group and RO-group appeared with
weak immunoreactivity. MA-group showed strong positive immu-
noreactivity. The reactivity was weakly positive in MA-RO-group.
Scoring showed a significant increase in MA-group if compared to
C-group while MA-RO-group showed a significant decrease if com-

pared to MA-group (Figure 3).

3.4 | Effect of RO on SP-D gene expression after
MA administration

MA-group showed a significant decrease of SP-D gene expression
if compared to C-group, in addition, there was a significant increase
in gene expression of MA-RO-group if compared to MA-group
(Figure 4).

4 | DISCUSSION

Currently, MA is an extensively used member of organophosphorus
(Ops) family (Bogen & Singhal, 2017; Ozsoy et al., 2016) which can
cause injury to the lung (Angelini et al., 2013; Atis et al., 2002; Moin-
Azad Tehrani et al., 2011; Nambiar et al., 2007). Uysal and Karaman
(2018) reported that MA exposure could initiate oxidative stress and
apoptosis. Kim et al., (2005), Li et al., (2010) and Sui et al., (2012)
documented that RO could ameliorate fibrotic, apoptotic, and oxida-
tive pathways in the pulmonary tissue. Mammals can be adversely
affected by malathion MAL through nearly any route of exposure,

including the oral ingestion of food and drinking water contaminated

Reverse primer sequence

TCAGAACTCACAGATAACAAG
AAGCAATGCTGTCACCTTCCC
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FIGURE 1 (a-d)Photomicrographs

of lung stained with hematoxylin and
eosin (X 400), (n = 10). (a, b) Represents
C-group and RO-group respectively

with normal histological architecture. (c)
Represents MA-group with manifestations
of severe inflammation with inflammatory
cells infiltration in addition to areas of
hemorrhage. The width of most alveoli
appears decreased, few alveoli are
completely obliterated. (d) Represents
MA-RO-group with regain of the

normal histological architecture. (Note:

V = alveoli, B. = bronchioles, B.V. =

blood vessels, Black arrow =interalveolar
septa, Yellow arrow=inflammatory

cells infiltration). (E) Represents
histopathological scoring with significant
(p <.05) increase in MA-group if
compared to C-group while MA-RO-group
showed a significant (p <.05) decrease

if compared to MA-group. * significant

(C)] S, N (p <.05) difference in comparison to
" . g C-group. # significant (p <.05) difference
© Hlstopathologlcal REONNE in comparison to MA-group. Data are
3.5 presented as mean + SD, (h = 10)
3
2.5
m C-group
o 2
§ m RO-group
o 1.5 m MA-group
1 MA-RO-group
0.5 ’
0 - |
Groups

with MAL (Akbel et al., 2018; Sapbamrer & Hongsibsong, 2014).
MAL is rapidly absorbed, through different routes, and distributed
to different body organs, thus leads to several pathologies (Selmi
et al., 2018). Uysal and Karaman (2018) revealed that acute oral mal-
athion administration increased oxidative stress and apoptosis in the
lung tissue of rats.

In current study, histological examination of MA-group showed
manifestations of severe inflammation with inflammatory cells
infiltration in the interalveolar interstitial tissues, peri-bronchial
spaces, and peri-vascular spaces in addition to areas of hemor-
rhage. The width of most alveoli was decreased, few alveoli were
completely obliterated. Histopathological scoring showed a signif-
icant increase in MA-group if compared to C-group. These results

come in consistent with Tos$-Luty et al., (2003) who mentioned

that the lungs of MA-group showed infiltrations and widening of
interalveolar septa with the presence of single pulmonary phago-
cytes. These signs of inflammation were reported by Malaviya
et al, (2010) who reported the potential of sulfur mustard to
induce severe inflammatory manifestations in lung. In addition,
Amara et al.,, (2012) reported the destructive effect of dimetho-
ate (DM) (one of organophosphate insecticide) administration on
lung histological architecture in the form of alveolar hemorrhage,
hemosiderin deposits, and emphysema. In current study, authors
hypothesized that the changes caused by MA administration may
be due to reactive oxygen species activation or inflammatory cells
infiltration as explained by Amara et al., (2012) or due to oxida-
tive stress as mentioned by Possamai et al., (2007) and Uysal and
Karaman (2018).
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FIGURE 2 (a-d)Photomicrographs

of lung stained with anti-tyrosine-kinase
receptor c-kit antibody (X 400), (n = 10).
C-group (a) and RO-group (b) appear with
weak immunoreactivity. MA-group (c)
shows strong positive immunoreactivity.
The reactivity is weak positive in MA-RO-
group (d). (e) Scoring shows a significant
(p <.05) increase in MA-group if
compared to C-group while MA-RO-group
shows a significant (p <.05) decrease

if compared to MA-group. * significant

(p <.05) difference in comparison to
C-group. # significant (p <.05) difference
in comparison to MA-group. Data are
presented as mean + SD, (n = 10)
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Histological examination of MA-RO-group showed regain of
the normal histological architecture with limited inflammatory cells
infiltration. Histopathological scoring of the same group showed a
significant decrease if compared to MA-group. This indicates anti-
inflammatory effect of RO and its potential to ameliorate the oxida-
tive stress caused by MA.

This comes into agreement with Sanbongi et al., (2003) who
observed that RO inhibited pathophysiological changes such as
neutrophilic inflammation and edema in the lung. In addition, Chu
et al, (2012) reported the potential of RA to inhibit tumor necrosis
factor-a (TNFa). Moreover, Rocha et al., (2015) demonstrated the

potential of RO to reduce the release of pro-inflammatory cytokines.

Groups

In current study, examination of tissue sections stained with
anti-tyrosine-kinase receptor c-kit antibody showed strong posi-
tive immunoreactivity in MA-group while the reactivity was weakly
positive in MA-RO-group. Scoring showed a significant increase in
MA-group if compared to C-group while MA-RO-group showed a
significant decrease if compared to MA-group. These changes de-
noting severe mast cells infiltration in MA-group as anti-tyrosine-
kinase receptor c-kit antibody is a diagnostic marker of mast cell
(Leong et al., 2003). This indicated the inflammatory effect of MA,
as mast cells are important for immune responses as in allergy,
asthma, and arthritis (Galli et al., 2008; Kaur et al., 2006). In addition,

mast cell activation can enhance oxidative stress pathways (Zhao
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the anti-inflammatory and antioxidant effect of RO.

In current study, histopathological examination of tissue sec-
tions stained with anti-survivin antibody showed that MA-group had
strong positive immunoreactivity which was weakly positive in MA-
RO-group. Scoring showed a significant increase in MA-group if com-
pared to C-group while MA-RO-group showed a significant decrease
if compared to MA-group. This revealed the anti-inflammatory and
antioxidant activities of RO and its role in MA-induced lung injury.
These results were coincided with Ahmed et al., (2019) who found
that silymarin led to the resolution of acute lung injury (ALI) with
subsequent decrease in lung tissue survivin immunostaining. In addi-
tion, Terasaki et al. (2013) reported that survivin was upregulated in

FIGURE 3 (a-d)Photomicrographs of
lung stained with anti-survivin antibody (X
400), (n = 10). C-group (a) and RO-group
(b) appear with weak immunoreactivity.
MA-group (c) shows strong positive
immunoreactivity. The reactivity is weak
positive in MA-RO-group (d). (e) Scoring
shows a significant (p <.05) increase

in MA-group if compared to C-group
while MA-RO-group shows a significant
(b <.05) decrease if compared to MA-
group. * significant (p <.05) difference

in comparison to C-group. # significant
(p <.05) difference in comparison to MA-
group. Data are presented as mean + SD,
(n=10)

m C-group
m RO-group
m MA-group

MA-RO-group

ALl induced by bleomycin and was considered as the key mediator of
cytoprotection. Moreover, Amenomori et al., (2011) demonstrated
that survivin increased after lipopolysaccharide (LPS) induced ALl in
mice and its level was decreased with damage resolution.

In current results, MA-group showed a significant decrease of
SP-D gene [located in type Il pneumocytes (Kasper et al., 2002)] ex-
pression if compared to C-group, in addition, there was a significant
increase in the same gene expression in MA-RO-group if compared
to MA-group. Decreased expression of SP-D gene in MA-group
revealed the apoptotic effect of MA which comes in agreement
with Clark et al., (2002) who linked between SP-D deficiency and
apoptosis of pneumocytes, so significant increase in gene expres-
sion of MA-RO-group proved that RO has anti-apoptotic effect on
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FIGURE 4 Effect of RO on SP-D gene expression after MA
administration. MA-group shows a significant (p <.05) decrease of
SP-D gene expression if compared to C-group. There is a significant
increase (p <.05) in gene expression of MA-RO-group if compared
to MA-group. * significant (p <.05) difference in comparison to C-
group. # significant (p <.05) difference in comparison to MA-group.
Data are presented as mean + SD, (n = 10)

m C-group
m RO-group
| MA-group
MA-RO-group
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MA-induced lung injury. To the best of our knowledge, this is the
first study to report the anti-apoptotic potential of RO against MA
on lung tissue. Other studies had shown the anti-apoptotic effect on
the cardiac muscles (Kim et al., 2005), and myoblast C2C12 cell line
(Chen et al., 2014). Another study showed that RO arrested apop-
tosis induced by a high-fat diet (Cai et al., 2019). On the other hand,
many studies demonstrated the apoptotic effect of RO on cancer
cells such as lung, and prostate (Yesil-Celiktas et al., 2010).

In conclusion, the current study approves that oral administra-
tion of MA causes lung injury as it has inflammatory effects, caused
by oxidative stress and reports the potential of RO to protect lung
tissue against toxic effects of MA through its anti-inflammatory, an-
tioxidant, and anti-apoptotic potential.

CONFLICT OF INTEREST

Authors have declared that no competing interests exist.

AUTHOR CONTRIBUTIONS

Ahmed A. Ahmed: Conceptualization (equal); Data curation (equal);
Formal analysis (equal); Investigation (equal); Methodology (equal);
Project administration (equal); Resources (equal); Software (equal);
Supervision (equal); Validation (equal); Visualization (equal); Writing-
original draft (equal); Writing-review & editing (equal). Marwa M.
Mona: Data curation (equal); Methodology (equal); Writing-review
& editing (equal). Mona A. Abdel-Kareem: Formal analysis (equal);
Investigation (equal); Methodology (equal); Validation (equal);
Visualization (equal); Writing-original draft (equal). Rasha A. Elsisy:
Conceptualization (equal); Formal analysis (equal); Investigation
(equal); Supervision (equal); Visualization (equal); Writing-review &

editing (equal).

ETHICS STATEMENT
The study protocol was approved by Research and Ethics Committee,

Quality Assurance Unit, Faculty of Medicine, Tanta University, Egypt.

CWILEY--*%

DATA AVAILABILITY STATEMENT
The datasets generated during and analyzed during the current study

are available from the corresponding author on reasonable request.

REFERENCES

Ahmed, R., Moussa, R., Eldemerdash, R., Zakaria, M., & Abdel-Gaber, S.
(2019). Ameliorative effects of silymarin on HCl-induced acute lung
injury in rats; role of the Nrf-2/HO-1 pathway. Iranian Journal of Basic
Medical Sciences, 22(12), 1483-1492.

Akbel, E., Arslan-Acaroz, D., Demirel, H., Kucukkurt, I., & Ince, S. (2018).
The subchronic exposure to malathion, an organophosphate pesti-
cide, causes lipid peroxidation, oxidative stress, and tissue damage
in rats: The protective role of resveratrol. Toxicology Research, 7(3),
503-512. https://doi.org/10.1039/C8TX00030A

Al-Attar, A. M. (2010). Physiological and histopathological investigations
on the effects of a-lipoic acid in rats exposed to malathion. BioMed
Research International, 2010, 8.

Amara, l., Soudani, N., Troudi, A., Hakim, A., Zeghal, K., Boudawara, T.,
& Zeghal, N. (2012). Dimethoate induced oxidative damage and his-
topathological changes in lung of adult rats: Modulatory effects of
selenium and/or vitamin E. Biomedical and Environmental Sciences,
25(3), 340-351.

Amenomori, S., Terasaki, Y., Terasaki, M., Urusiyama, H., Takahashi,
M., & Kunugi, S. (2011). The increased expression of survivin on
lipopolysaccharaide (LPS)-induced acute lung injury (ALI) in mice.
American Journal of Respiratory and Critical Care Medicine, 183,
2098-2099.

Angelini, D. J., Dorsey, R. M., Willis, K. L., Hong, C., Moyer, R. A, Oyler,
J., Jensen, N. S., & Salem, H. (2013). Chemical warfare agent and bi-
ological toxin-induced pulmonary toxicity: Could stem cells provide
potential therapies? Inhalation Toxicology, 25, 37-62. https://doi.
org/10.3109/08958378.2012.750406

Atis, S., Comelekoglu, U., Coskun, B., Ozge, A., Ersoz, G., & Talas, D.
(2002). Electrophysiological and histopathological evaluation of
respiratory tract, diaphragm, and phrenic nerve after dichlorvos
inhalation in rats. Inhalation Toxicology, 14(2), 199-215. https://doi.
org/10.1080/089583701753403999

Bogen, K. T., & Singhal, A. (2017). Malathion dermal permeability in re-
lation to dermal load: Assessment by physiologically based pharma-
cokinetic modeling of in vivo human data. Journal of Environmental
Science and Health, Part B, 52(2), 138-146.

Cai, X, Yang, F., Zhu, L., Xia, Y., Wu, Q., Xue, H., & Lu, Y. (2019). Rosmarinic
acid, the main effective constituent of orthosiphon stamineus, in-
hibits intestinal epithelial apoptosis via regulation of the Nrf2 path-
way in mice. Molecules (Basel, Switzerland), 24(17), 3027. https://doi.
org/10.3390/molecules24173027

Chen, K. L., Li, H. X, Xu, X. L., & Zhou, G. H. (2014). The protective ef-
fect of rosmarinic acid on hyperthermia-induced C2C12 muscle cells
damage. Molecular Biology Reports, 41(8), 5525-5531. https://doi.
org/10.1007/s11033-014-3429-6

Chu, X., Ci, X., He, J.,, Jiang, L., Wei, M., Cao, Q., Guan, M, Xie, X., Deng,
X., & He, J. (2012). Effects of a natural prolyl oligopeptidase inhibi-
tor, rosmarinic acid, on lipopolysaccharide-induced acute lung injury
in mice. Molecules (Basel, Switzerland), 17(3), 3586-3598. https://doi.
org/10.3390/molecules17033586

Clark, H., Palaniyar, N., Strong, P., Edmondson, J., Hawgood, S., & Reid, K.
(2002). Surfactant protein D reduces alveolar macrophage apoptosis
in vivo. The Journal of Immunology, 169(6), 2892-2899. https://doi.
org/10.4049/jimmunol.169.6.2892

Crimi, E., Sica, V., Slutsky, A., Zhang, H., Williams-Ignarro, S., Ignarro, L., &
Napoli, C. (2006). Role of oxidative stress in experimental sepsis and
multisystem organ dysfunction. Free Radical Research, 40(7), 665-
672. https://doi.org/10.1080/10715760600669612


https://doi.org/10.1039/C8TX00030A
https://doi.org/10.3109/08958378.2012.750406
https://doi.org/10.3109/08958378.2012.750406
https://doi.org/10.1080/089583701753403999
https://doi.org/10.1080/089583701753403999
https://doi.org/10.3390/molecules24173027
https://doi.org/10.3390/molecules24173027
https://doi.org/10.1007/s11033-014-3429-6
https://doi.org/10.1007/s11033-014-3429-6
https://doi.org/10.3390/molecules17033586
https://doi.org/10.3390/molecules17033586
https://doi.org/10.4049/jimmunol.169.6.2892
https://doi.org/10.4049/jimmunol.169.6.2892
https://doi.org/10.1080/10715760600669612

AHMED ET AL.

3600

Debersac, P., Vernevaut, M. F., Amiot, M. J,, Suschetet, M., & Siess, M. H.
(2001). Effects of a water-soluble extract of rosemary and its puri-
fied component rosmarinic acid on xenobiotic-metabolizing enzymes
in rat liver. Food and Chemical Toxicology, 39, 109-117. https://doi.
org/10.1016/50278-6915(00)00117-4

Domitrovi¢, R., Skoda, M., Marchesi, V., Cvijanovi¢, O., Pugel, P., &
Stefan, B. (2013). Rosmarinic acid ameliorates acute liver damage
and fibrogenesis in carbon tetrachloride-intoxicated mice. Food
and Chemical Toxicology, 51, 370-378. https://doi.org/10.1016/j.
fct.2012.10.021

Dorri, S. A., Hosseinzadeh, H., Abnous, K., Hasani, F. V., Robati, R. Y.,
& Razavi, B. M. (2015). Involvement of brain-derived neurotrophic
factor (BDNF) on malathion induced depressive-like behavior in sub-
acute exposure and protective effects of crocin. The Iranian Journal
of Basic Medical Sciences., 958, 18-66.

Galli, S. J., Grimbaldeston, M., & Tsai, M. (2008). Immunomodulatory
mast cells: Negative, as well as positive, regulators of immunity.
Nature Reviews Immunology, 8(6), 478-486. https://doi.org/10.1038/
nri2327

Govindarajan, D., Chatterjee, C., Shakambari, G., Varalakshmi, P.,
Jayakumar, K., & Balasubramaniem, A. (2019). Oxidative stress re-
sponse, epigenetic and behavioral alterations in Caenorhabditis
elegans exposed to organophosphorus pesticide quinalphos.
Biocatalysis and Agricultural Biotechnology, 17, 702-709. https://doi.
org/10.1016/j.bcab.2019.01.031

Jonsson, N., Gullberg, M., & Lindberg, A. M. (2009). Real-time poly-
merase chain reaction as a rapid and efficient alternative to estima-
tion of picornavirus titers by tissue culture infectious dose 50% or
plaque forming units. Microbiology and Immunology, 53(3), 149-154.
https://doi.org/10.1111/j.1348-0421.2009.00107.x

Kalender, S., Uzun, G., Durak, D., Demir, F., & Kalender, Y. (2010).
Malathion-induced hepatotoxicity in rats: The effects of vitamins
C and E. Food and Chemical Toxicology, 48(2), 633-638. https://doi.
org/10.1016/j.fct.2009.11.044

Kasper, M., Sims, G., Koslowski, R., Kuss, H., Thuemmler, M., Fehrenbach,
H., & Auten, R. L. (2002). Increased surfactant protein D in rat airway
goblet and Clara cells during ovalbumin-induced allergic airway in-
flammation. Clinical & Experimental Allergy, 32(8), 1251-1258.

Kaur, D., Hollins, F., Woodman, L., Yang, W., Monk, P., May, R., Bradding,
P., & Brightling, C. E. (2006). Mast cells express IL-13R alpha 1: IL-13
promotes human lung mast cell proliferation and Fc epsilon Rl ex-
pression. Allergy, 61(9), 1047-1053.

Kim, D. S., Kim, H. R., Woo, E. R., Hong, S. T., Chae, H. J., & Chae, S. W.
(2005). Inhibitory effects of rosmarinic acid on adriamycin-induced
apoptosis in H9c2 cardiac muscle cells by inhibiting reactive oxygen
species and the activations of c-Jun N-terminal kinase and extracel-
lular signal-regulated kinase. Biochemical Pharmacology, 70, 1066-
1078. https://doi.org/10.1016/j.bcp.2005.06.026

Kim, Y. (2015). Statistical notes for clinical researchers: Post-hoc multiple
comparisons. Restorative Dentistry & Endodontics, 40(2), 172.

Lee, S., & Lee, K. (2018). What is the proper way to apply the multiple
comparison test? Korean Journal of Anesthesiology, 71(5), 353-360.
https://doi.org/10.4097/kja.d.18.00242

Leong, A. S., Cooper, K., & Leong, F. J. (2003). Manual of diagnostic cytol-
ogy (2nd ed., pp. 29). Cambridge, UK: Greenwich Medical Media, Ltd.

Li, G. S., Jiang, W. L., Tian, J. W., Qu, G. W,, Zhu, H. B., & Fu, F. H. (2010).
In vitro and in vivo antifibrotic effects of rosmarinic acid on ex-
perimental liver fibrosis. Phytomedicine, 17, 282-288. https://doi.
org/10.1016/j.phymed.2009.05.002

Li, Y., Li, N, Yu, X., Huang, K., Zheng, T., Cheng, X., Zeng, S., & Liu, X.
(2018). Hematoxylin and eosin staining of intact tissues via delipi-
dation and ultrasound. Scientific Reports, 8(1), 12259. https://doi.
org/10.1038/s41598-018-30755-5

Magaki, S., Hojat, S. A., Wei, B., So, A., & Yong, W. H. (2019). An
Introduction to the Performance of Immunohistochemistry. Methods
in Molecular Biology, 1897, 289-298.

Malaviya, R., Sunil, V. R., Cervelli, J., Anderson, D. R., Holmes, W. W,
Conti, M. L., Gordon, R. E., Laskin, J. D., & Laskin, D. L. (2010).
Inflammatory effects of inhaled sulfur mustard in rat lung. Toxicology
and Applied Pharmacology, 248(2), 89-99. https://doi.org/10.1016/j.
taap.2010.07.018

Moin-Azad Tehrani, M.-S., Soltaninejad, K., Yazdani, S., Nelson, L. S,
& Shadnia, S. (2011). Bilateral loculated pleural effusion as a mani-
festation of acute parenteral organophosphate intoxication: A case
report. Journal of Emergency Medicine, 41, 630-634. https://doi.
org/10.1016/j.jemermed.2010.11.028

Moore, J., Yousef, M., & Tsiani, E. (2016). Anticancer effects of rosemary
(Rosmarinus officinalis L.) extract and rosemary extract polyphenols.
Nutrients, 8(11), 731.

Nambiar, M. P.,, Gordon, R. K., Rezk, P. E., Katos, A. M., Wajda, N. A,,
Moran, T. S., Steele, K. E., Doctor, B. P.,, & Sciuto, A. M. (2007).
Medical countermeasure against respiratory toxicity and acute lung
injury following inhalation exposure to chemical warfare nerve agent
VX. Toxicology and Applied Pharmacology, 219, 142-150. https://doi.
org/10.1016/j.taap.2006.11.002

Noaishi, M., Afify, M., & Allah, A. (2013). Study the inhalation exposure
effect of pesticides mixture in the white rat. Natural Science, 11(7),
45-54,

Ozkan, U., Osun, A., Basarslan, K., Senol, S., Kaplan, I., & Alp, H. (2014).
Effects of intralipid and caffeic acid phenethyl ester on neurotoxicity,
oxidative stress, and acetylcholinesterase activity in acute chlorpy-
riphos intoxication. International Journal of Clinical and Experimental
Medicine, 7(4), 837-846.

Ozsoy, A. Z., Nursal, A. F., Karsli, M. F., Uysal, M., Alici, O., Butun, I., &
Delibas, I. B. (2016). Protective effect of intravenous lipid emulsion
treatment on malathion-induced ovarian toxicity in female rats.
European Review for Medical and Pharmacological Sciences, 20(11),
2425-2434.

Possamai, F. P., Fortunato, J. J., Feier, G., Agostinho, F. R., Quevedo,
J., Wilhelm Filho, D., & Dal-Pizzol, F. (2007). Oxidative stress
after acute and sub-chronic malathion intoxication in Wistar rats.
Environmental Toxicology and Pharmacology, 23(2), 198-204. https://
doi.org/10.1016/j.etap.2006.09.003

Rocha, J., Eduardo-Figueira, M., Barateiro, A., Fernandes, A., Brites, D.,
Bronze, R., & Sepodes, B. (2015). Anti-inflammatory effect of ros-
marinic acid and an extract of Rosmarinus officinalis in rat models
of local and systemic inflammation. Basic & Clinical Pharmacology &
Toxicology, 116(5), 398-413.

Sanbongi, C., Takano, H., Osakabe, N., Sasa, N., Natsume, M., Yanagisawa,
R., & Yoshikawa, T. (2003). Rosmarinic acid inhibits lung injury in-
duced by diesel exhaust particles. Free Radical Biology and Medicine,
34(8), 1060-1069. https://doi.org/10.1016/50891-5849(03)00040
-6

Sapbamrer, R., & Hongsibsong, S. (2014). Organophosphorus pesti-
cide residues in vegetables from farms, markets, and a supermar-
ket around Kwan Phayao Lake of Northern Thailand. Archives of
Environmental Contamination and Toxicology, 67(1), 60-67. https://doi.
org/10.1007/s00244-014-0014-x

Sarabia, L., Maurer, ., & Bustos-Obregon, E. (2009). Melatonin prevents
damage elicited by the organophosphorous pesticide diazinon on the
mouse testis. Ecotoxicology and Environmental Safety, 72, 938-942.
https://doi.org/10.1016/j.ecoenv.2008.04.022

Selmi, S., Rtibi, K., Grami, D., Sebai, H., & Marzouki, L. (2018). Malathion,
an organophosphate insecticide, provokes metabolic, histopatho-
logic and molecular disorders in liver and kidney in prepubertal
male mice. Toxicology Reports, 5, 189-195. https://doi.org/10.1016/j.
toxrep.2017.12.021

Sui, X. Y, Liu, T. T.,, Ma, C. H,, Yang, L., Zu, Y. G, Zhang, L., & Wang, H.
(2012). Microwave irradiation to pretreat rosemary (Rosmarinus of-
ficinalis L.) for maintaining antioxidant content during storage and to
extract essential oil simultaneously. Food Chemistry, 131, 1399-1405.
https://doi.org/10.1016/j.foodchem.2011.10.007


https://doi.org/10.1016/S0278-6915(00)00117-4
https://doi.org/10.1016/S0278-6915(00)00117-4
https://doi.org/10.1016/j.fct.2012.10.021
https://doi.org/10.1016/j.fct.2012.10.021
https://doi.org/10.1038/nri2327
https://doi.org/10.1038/nri2327
https://doi.org/10.1016/j.bcab.2019.01.031
https://doi.org/10.1016/j.bcab.2019.01.031
https://doi.org/10.1111/j.1348-0421.2009.00107.x
https://doi.org/10.1016/j.fct.2009.11.044
https://doi.org/10.1016/j.fct.2009.11.044
https://doi.org/10.1016/j.bcp.2005.06.026
https://doi.org/10.4097/kja.d.18.00242
https://doi.org/10.1016/j.phymed.2009.05.002
https://doi.org/10.1016/j.phymed.2009.05.002
https://doi.org/10.1038/s41598-018-30755-5
https://doi.org/10.1038/s41598-018-30755-5
https://doi.org/10.1016/j.taap.2010.07.018
https://doi.org/10.1016/j.taap.2010.07.018
https://doi.org/10.1016/j.jemermed.2010.11.028
https://doi.org/10.1016/j.jemermed.2010.11.028
https://doi.org/10.1016/j.taap.2006.11.002
https://doi.org/10.1016/j.taap.2006.11.002
https://doi.org/10.1016/j.etap.2006.09.003
https://doi.org/10.1016/j.etap.2006.09.003
https://doi.org/10.1016/S0891-5849(03)00040-6
https://doi.org/10.1016/S0891-5849(03)00040-6
https://doi.org/10.1007/s00244-014-0014-x
https://doi.org/10.1007/s00244-014-0014-x
https://doi.org/10.1016/j.ecoenv.2008.04.022
https://doi.org/10.1016/j.toxrep.2017.12.021
https://doi.org/10.1016/j.toxrep.2017.12.021
https://doi.org/10.1016/j.foodchem.2011.10.007

AHMED ET AL.

CWILEY- %%

Takaki, I., Bersani-Amado, L., Vendruscolo, A., Sartoretto, S., Diniz, S.,
Bersani-Amado, C., & Cuman, R. (2008). Anti-inflammatory and an-
tinociceptive effects of Rosmarinus officinalis L. essential oil in ex-
perimental animal models. Journal of Medicinal Food, 11(4), 741-746.

Terasaki, Y., Terasaki, M., Urushiyama, H., Nagasaka, S., Takahashi, M.,
Kunugi, S., Ishikawa, A., Wakamatsu, K., Kuwahara, N., Miyake, K., &
Fukuda, Y. (2013). Role of survivin in acute lung injury: Epithelial cells
of mice and humans. Laboratory Investigation, 93(10), 1147-1163.
https://doi.org/10.1038/labinvest.2013.103

Tos-Luty, S., Obuchowska-Przebirowska, D., Latuszynska, J., Tokarska-
Rodak, M., & Haratym-Maj, A. (2003). Dermal and oral toxicity of
malathion in rats. Annals of Agricultural and Environmental Medicine,
10, 101-106.

Uysal, M., & Karaman, S. (2018). In vivo effects of intravenous lipid emul-
sion on lung tissue in an experimental model of acute malathion in-
toxication. Toxicology and Industrial Health, 34, 110-118.

Wankhade, V. W. (2012). Effect of malathion on lipid peroxidation and
enzymatic activity of liver serum and brain at different exposure
periods in mice. Research Journal of Environmental Toxicology, 6, 142.
https://doi.org/10.3923/rjet.2012.142.150

Ward, P. A. (2010). Oxidative stress: Acute and progressive lung injury.
Annals of the New York Academy of Sciences, 1203, 53-59. https://doi.
org/10.1111/j.1749-6632.2010.05552.x

Yesil-Celiktas, O., Sevimli, C., Bedir, E., & Vardar-Sukan, F. (2010).
Inhibitory effects of rosemary extracts, carnosic acid and rosmarinic
acid on the growth of various human cancer cell lines. Plant Foods
for Human Nutrition, 65(2), 158-163. https://doi.org/10.1007/s1113
0-010-0166-4

Zhao, W., Gan, X,, Su, G., Wanling, G, Li, S., Hei, Z,, Yang, C., & Wang,
H. (2014). The interaction between oxidative stress and mast cell
activation plays a role in acute lung injuries induced by intestinal
ischemia-reperfusion. Journal of Surgical Research, 187(2), 542-552.
https://doi.org/10.1016/j.jss.2013.10.033

How to cite this article: Ahmed AS, Mona MM, Abdel-Kareem
MA, Elsisy RA. Potential of rosmarinic acid to ameliorate toxic
effects of diethyl methoxy thio-phosphoryl thio-succinate on
albino wistar rats’ lung, mast cell infiltration inhibitory pathway.
Food Sci Nutr. 2021;9:3593-3601. https://doi.org/10.1002/
fsn3.2316



https://doi.org/10.1038/labinvest.2013.103
https://doi.org/10.3923/rjet.2012.142.150
https://doi.org/10.1111/j.1749-6632.2010.05552.x
https://doi.org/10.1111/j.1749-6632.2010.05552.x
https://doi.org/10.1007/s11130-010-0166-4
https://doi.org/10.1007/s11130-010-0166-4
https://doi.org/10.1016/j.jss.2013.10.033
https://doi.org/10.1002/fsn3.2316
https://doi.org/10.1002/fsn3.2316

