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Abstract: Malathion (MLT) is an important environmental pollutant in the 

organophosphate class. Rutin (RUT), on the other hand, is one of the flavonoid family 

members whose effectiveness against various toxic agents has been extensively studied. In 

the present study, the effects of MLT and RUT treatments on oxidative stress, apoptosis and 

metalloproteinases in lung tissues of rats were investigated. In this study, MDA, GSH, Nrf2, 

HO-1, MMP2, MMP9 and caspase-3 levels in lung tissues were analyzed by biochemical or 

RT-PCR method after rats received MLT and/or RUT treatment for 28 days. The data 

showed that MLT-induced MDA levels decreased after RUT treatment. Also, it was 

determined that Nrf2 and HO-1 mRNA transcript levels and GSH levels suppressed by 

MLT approached the control group levels after RUT treatment. MLT up-regulated the 

expression of metalloproteinases (MMP2 and MMP9) in lung tissues, while RUT down-

regulated the expression of these genes. In addition, it was observed that MLT triggered 

caspase-3 expression, while RUT exerted an anti-apoptotic effect by suppressing caspase-3. 

As a result, it was determined that while MLT showed toxic effects in the lung tissues of 

rats through oxidative stress, apoptosis and metalloproteinases, RUT could alleviate these 

toxic effects. 

 

 

Ratlara Malathion ve Rutin Uygulamaları Sonrası Akciğer Dokularında Metalloproteinaz 

Düzeyleri ile Oksidatif Stres ve Apoptoz Belirteçlerinin Değerlendirilmesi 
 

 

Anahtar Kelimeler 

Akciğer, 

Apoptoz, Malathion, 

Metalloproteinazlar, 

Oksidatif stres, 

Rutin 

Öz: Malathion (MLT), organofosfat sınıfında yer alan önemli bir çevresel kirleticidir. Rutin 

(RUT) ise çeşitli toksik ajanlara karşı etkinliği yoğun olarak araştırılan flavonoid aile 

üyelerinden biridir. Bu çalışmada, MLT ve RUT tedavilerinin sıçanların akciğer 

dokularında oksidatif stres, apoptoz ve metalloproteinazlar üzerine etkileri araştırıldı. 

Çalışmada, sıçanlara 28 gün boyunca MLT ve/veya RUT tedavisi verildikten sonra akciğer 

dokularındaki MDA, GSH, Nrf2, HO-1, MMP2, MMP9 ve kaspaz-3 seviyeleri 

biyokimyasal veya RT-PCR yöntemi ile analiz edildi. Veriler, MLT ile indüklenen MDA 

seviyelerinin RUT tedavisinden sonra düştüğünü gösterdi. Ayrıca Nrf2 ve HO-1 mRNA 

transkript düzeyleri ile MLT tarafından baskılanan GSH düzeylerinin RUT tedavisi sonrası 

kontrol grubu düzeylerine yaklaştığı belirlendi. MLT, akciğer dokularında 

metalloproteinazların (MMP2 ve MMP9) ekspresyonunu yukarı doğru düzenlerken, RUT 

bu genlerin ekspresyonunu aşağı regüle etti. Ayrıca MLT'nin kaspaz-3 ekspresyonunu 

tetiklediği, RUT'nin ise kaspaz-3'ü baskılayarak anti-apoptotik etki gösterdiği gözlendi. 

Sonuç olarak, MLT'nin oksidatif stres, apoptoz ve metalloproteinazlar yoluyla sıçanların 

akciğer dokularında toksik etkiler gösterirken, RUT'nin bu toksik etkileri azaltabileceği 

belirlendi. 
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1. INTRODUCTION 

 

Pesticides are defined as chemicals used in agriculture to 

control weeds, insects and many other pests [1]. 1.8 

billion people use 4.6 million tons of pesticides annually, 

and only less than 5% of these chemicals reach the target 

organism [2, 3]. Among the reasons for the widespread 

use of pesticides are the limited arable land and 

increasing production demand. Additionally, pesticide 

use becomes inevitable with new pesticide classes 

released every year to break pesticide resistance. 

Pesticides are very harmful compounds because they 

remain in the environment for a long time and have 

limited decomposition tendency [2]. 

 

Organophosphate insecticides (OPIs) are powerful 

toxicants that target the nervous systems of insects and 

other pests [4]. OPIs mainly work through inhibition of 

acetylcholinesterase (AChE), an enzyme that breaks 

down acetylcholine and causes acetylcholine to 

accumulate at the neuronal junction. Due to their ability 

to produce toxicity in non-target species, including 

humans, through the inhibition of acetylcholinesterase, 

they are considered sources of serious environmental 

pollution and health threat [5]. Malathion (MLT) is a 

broad spectrum organophosphate [OP] insecticide used 

to control a variety of outdoor insects in both agricultural 

and veterinary applications [6]. MLT is widely used due 

to its relatively low acute toxicity compared to other OP 

insecticides. Extensive studies have been conducted to 

evaluate the potential health effects of MLT in a variety 

of biological models, from amphibians to mammals. 

MLT has been reported to induce toxicity through 

inhibition of AchE followed by activation of cholinergic 

receptors [7]. Following exposure to MLT, this chemical 

can be rapidly absorbed by the skin, mucous membranes, 

gastrointestinal tract, eyes, and respiratory system. MLT 

has lipophilic properties which allow to spread rapidly to 

other tissues and to accumulate AChE in target organs. 

Apart from this, it has been reported that MLT causes 

the formation of reactive oxygen species (ROS), 

weakening of the antioxidant system and, consequently, 

induction of oxidative stress [8]. Therefore, it is thought 

that the use of antioxidant compounds may have 

beneficial effects against MLT-induced pulmonary 

toxicity. 

 

Flavonoids are potent antioxidant compounds that inhibit 

lipid peroxidation and platelet aggregation. These 

compounds directly scavenge ROS, reactive nitrogen 

species, protect tissue from free radicals and activate 

antioxidant enzymes [9]. Rutin (RUT) is a quercetin 

glycone with a flavonol structure. It is predominantly 

found in citrus fruits such as oranges, grapefruits, lemons 

and limes. It is a member of bioflavonoids with 

antioxidant, anti-inflammatory, antiallergenic, antiviral 

and anticarcinogenic properties [10]. Previous studies 

have shown that RUT can alleviate the damaging effects 

of various toxic drugs with its antioxidant properties [11-

13]. However, we could not find a study investigating 

the effect of RUT against MLT-induced lung toxicity. 

Therefore, the protective properties of RUT against 

MLT-induced lung toxicity were investigated in the 

present study. 

 

2. MATERIAL AND METHOD 

  

2.1. Supply, Care and Ethics Committee Approval of 

Experimental Animals 

Sprague Dawley rats used in the study were obtained 

from Atatürk University Medical Experimental 

Application and Research Center. Animals were 10-12 

weeks old and weighed 220-250 g. The environmental 

conditions in which the rats were housed had a 

temperature of 24 ± 1°C, a humidity of 45 ± 5%, and a 

12-hour light/dark cycle. The animals had access to 

standard pellet food and water ad libitum throughout the 

treatment. Ethics committee approval was given for the 

28-day study by Atatürk University Animal Experiments 

Local Ethics Committee (Protocol no: 2022-7-112). 

 

2.2. Experiment Design 

 

In the experiment, 35 rats were divided into 5 groups, 7 

in each group.  The doses of MLT and RUT given to the 

animals were determined with reference to the previous 

studies. The groups are designed as given below: 

 

1. Control Group  : The animals were given 

saline orally for 28 days. 

2. RUT 100 Group  : Animals were given 

100 mg/kg/body weight RUT orally for 28 days [14]. 

3. MLT Group  : Animals were given 100 

mg/kg/body weight MLT orally for 28 days [15]. 

4. MLT+RUT 50 Group : Animals were given 50 

mg/kg/body weight RUT orally for 28 days, 30 minutes 

later MLT was administered orally at a dose of 100 

mg/kg/body weight. 

5. MLT+RUT 100 Group : Animals were given 100 

mg/kg/body weight RUT orally for 28 days, 30 minutes 

later MLT was administered orally at a dose of 100 

mg/kg/body weight. 

 

On the 29th day of the study, the rats were decapitated 

under mild sevoflurane anesthesia and their lung tissues 

were removed. Tissues were stored at -80 °C until 

biochemical and molecular analysis. 

 

2.3.  Analysis of Malondialdehyde Levels in Lung 

Tissue 

 

Lung tissues from rats were pulverized in liquid nitrogen 

by means of a tissue shredder (Tissue Lyser II, Qiagen, 

The Netherlands). Then the tissues were homogenized in 

1.15% KCl buffer at a ratio of 1:10 (weight/volume). 

The obtained homogenates were centrifuged at 1000xg 

for 15 minutes at +4 °C. Malondialdehyde (MDA) levels 

in homogenates was analyzed by the method developed 

by Placer et al. (1966) [16]. Results are presented as 

nmol/g tissue. 

 

2.4.  Analysis of Glutathione Levels in Lung Tissue 

 

For glutathione (GSH) analysis, homogenates, the 

preparation of which was explained in the previous 
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section, were centrifuged at 9000xg at +4 °C. GSH 

levels were determined in the supernatants obtained 

afterwards, using the method of Sedlak et al (1968) [17]. 

Obtained results are presented as nmol/g tissue. 

 

2.5.  Total RNA Isolation from Lung Tissue 

 

Total RNA isolation from pulverized lung tissues was 

performed using hibrizol reagent (HibriGen). For this, 60 

mg of pulverized lung tissues were weighed into sterile 

eppendorf tubes and 2 ml of hybrisol was added. All 

procedures were carried out in accordance with the 

manufacturer’s instructions. In the last step, after 

washing the total RNAs with 75% ethanol, they were 

dissolved with RNase-free water and their concentrations 

were measured in the nanodrop device.  

 

2.6. cDNA Synthesis from Total RNAs 

 

cDNA synthesis from total RNAs was performed with 

the iScript™ cDNA Synthesis Kit (BIO-RAD, USA). 

cDNA synthesis was carried out in strict accordance with 

the instructions given by the manufacturer. 

 

2.7. RT-PCR 

 

At the RT-PCR stage, the primers of the genes whose 

sequences are given in Table 1, cDNAs, iTaq Universal 

SYBR® Green Supermix and a mixture with RNase-

DNase-free water were prepared. The reaction was 

started by entering the temperatures and times specified 

in the procedure that came with iTaq Universal SYBR® 

Green Supermix into the ROTOR-GENE Q (Qiagen, 

Germany) device. At the end of the procedures, the fold 

changes of the relevant genes were calculated using the 

2-deltadelatCT method using the CT values obtained from the 

device [18]. GAPDH was used as internal control. 

 
Table 1: Primer sequences 

Gene Sequences (5’-3’) Length 

(bp) 

MMP2 F: CTCTAGGAGAAGGACAAGTG 
R: CTCAAAGTTGTACGTGGTGG 

158 

MMP9 F: AGCTGGCAGAGGATTACCTG 

R: ATGATGGTGCCACTTGAGGT 

230 

Nrf2 F: TTTGTAGATGACCATGAGTCGC 

R: TCCTGCCAAACTTGCTCCAT 

161 

HO-1 F: ATGTCCCAGGATTTGTCCGA 

R: ATGGTACAAGGAGGCCATCA 

144 

Caspase-

3 

F: ACTGGAATGTCAGCTCGCAA 

R: GCAGTAGTCGCCTCTGAAGA 

270 

GAPDH F: GAGTATGTCGTGGAGTCTAC 

R: CAGGATGCATTGCTGACAAT 

179 

 

2.8. Statistical Analysis 

In the statistical analysis of the data, one-way analysis of 

variance (ANOVA) and Tukey's multiple comparison 

test were used in SPSS 20.0 program. Results are 

presented as mean ± SD. P < 0.05 was considered 

statistically significant. 

 

 

 

 

3. RESULTS  

 

3.1. Oxidative Stress State in Lung Tissue 

 

After MLT and RUT treatments were applied to rats, 

tissue MDA and GSH levels and nuclear factor erythroid 

2-related factor 2 (Nrf2) and heme oxygenase 1 (HO-1) 

mRNA transcript levels were analyzed to determine the 

oxidative stress status in lung tissue (Figure 1). It was 

determined that MLT downregulated the Nrf2 and HO-1 

genes, caused the depletion of GSH stores and caused a 

significant increase in MDA levels (p<0.05). On the 

other hand, RUT treatment provided activation in Nrf2 

and HO-1 genes. In addition, RUT reduced MDA levels 

by regenerating GSH stores. While there was no 

difference between the doses of RUT on Nrf2 

expression, HO-1 expression was triggered in a dose-

dependent manner (p<0.05). Different doses of RUT did 

not make a statistical difference on MDA and GSH 

levels. 

 

 
Figure 1. Status of oxidative stress markers in lung tissue after 

malathion and rutin treatments. (RUT: Rutin, MLT: Malathion, MDA: 
Malondialdehyde, GSH: Glutathione, Nrf2: Nuclear factor erythroid 2-

related factor 2, HO-1: heme oxygenase 1) 

 

3.2. mRNA Transcript Levels of Metalloproteinases 

in Lung Tissue 

 

When the status of metalloproteinases in lung tissue was 

evaluated, it was determined that matrix 

metalloproteinase-2 (MMP2) and matrix 

metalloproteinase-9 (MMP9) expressions increased after 

MLT administration. It was observed that MMP 

expressions were down-regulated in the lung tissues of 

rats given RUT (p<0.05). In addition, another finding 

was that there was no difference in MMP2 or MMP9 

expressions between MLT+RUT50 and MLT+RUT100 

groups. The results are summarized in Figure 2. 

 

  
Figure 2. Status of metalloproteinases in lung tissue after malathion 
and its rutin treatments. (RUT: Rutin, MLT: Malathion, MMP2: matrix 

metalloproteinase-2, MMP9: matrix metalloproteinase-9) 
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3.3. Apoptotic State in Lung Tissue 

 

After MLT and RUT treatments, mRNA transcript levels 

of Caspase-3 gene were analyzed by RT-PCR method to 

detect apoptotic state in lung tissue. According to the 

results presented in Figure 3, it was observed that MLT 

could trigger caspase-3 expression and cause apoptosis 

in lung tissue. On the other hand, it was determined that 

Caspase-3 expression was significantly suppressed after 

RUT administration and this was dose-dependent 

(p<0.05). 

 

 
Figure 3. Apoptosis in lung tissue after malathion and rutin treatments. 

(RUT: Rutin, MLT: Malathion) 

 

4. DISCUSSION AND CONCLUSION 

 

Organophosphate pesticides are at the forefront of toxic 

substances, and many studies have shown that these 

compounds are among environmental pollutants that 

threaten human health. OPs are absorbed into the body 

through the respiratory system, gastrointestinal tract, and 

skin. OPs cause respiratory and neuromuscular 

conduction disorders mainly by inhibiting AChE in the 

nervous system [19]. MLT has taken its place among 

these toxic compounds as one of the environmental 

pollutants that threaten human health. Although many 

studies have been done against MLT toxicity before, an 

effective treatment method has not been developed yet 

[6, 20]. In the present study, the effects of RUT against 

the lung toxicity of MLT were evaluated, and the data 

obtained showed that RUT was a promising compound 

against this disease. 

 

It has been previously reported that oxidative stress, 

which develops due to excessive increase in reactive 

oxygen species, is the basic mechanism of many toxic 

compounds [21-25]. There is evidence of increased 

oxidative stress in chronic toxicity of several OP 

compounds, including MLT [19, 26, 27]. However, 

information on the role of oxidative stress in subacute 

and chronic OP toxicity remains insufficient. OP is 

thought to bind directly to proteins and phosphorylate 

them, creating a pro-oxidative state [28]. In the present 

study, it was observed that the levels of GSH, a 

tripeptide antioxidant [29, 30], were significantly 

reduced in lung tissue after MLT treatment. Moreover, it 

was observed that decreased GSH levels probably 

caused a further increase in ROS levels and that these 

aggressive molecules damaged the membranes of lung 

tissue cells, causing lipid peroxidation, thereby 

increasing MDA levels. Previous studies have reported 

that different flavonoids applied against various pesticide 

groups alleviate oxidative stress and alleviate the toxic 

effects of these compounds [31, 32]. In our study, it was 

determined that RUT treatment suppressed oxidative 

stress by providing the regeneration of GSH, whose 

levels were significantly reduced by MLT, and by 

preventing lipid peroxidation. 

 

Nrf2 is one of the transcription factors that protect cells 

against oxidative stress [33, 34]. Nrf2 regulates a wide 

range of genes such as superoxide dismutase, 

oxidoreductases and heme oxygenases [35, 36]. In a 

previous study, it was reported that deltamethrin 

suppressed Nrf2 as well as Cu/Zn SOD, GSH-Px, GST 

and CAT expressions in the liver and spleen tissue of 

Channa argus, however, significant increases in the 

mRNA transcript levels of these markers occurred after 

curcumin treatment [37]. Another study displayed that 

activating the Nrf2/HO-1 pathway exhibits 

nephroprotective effects in deltamethrin-induced 

nephrotoxicity [38]. Similarly, in the current study, it 

was determined that oxidative stress exacerbated due to 

the disruption of the Nrf2/HO-1 pathway after MLT 

treatment, but RUT treatment could activate this 

pathway and protect the lung tissue from MLT-induced 

oxidative stress. It is thought that the possible reason for 

this is the reduction of oxidative stress due to the ROS 

scavenging property of RUT and thus reducing the 

suppressive effect of oxidative stress on Nrf2. 

 

Under normal conditions, the pulmonary extracellular 

matrix (ECM) determines the tissue architecture 

necessary for lung function. However, defects in the 

production of ECM are found in the fibrotic response 

[39]. MMPs are proteolytic enzymes known to be 

involved in cell migration and tissue remodeling [40]. 

Among MMPs, MMP2 and MMP9 contribute to tissue 

remodeling by playing a role in the degradation of 

collagen and elastase in lung tissue [41]. These 

endopeptidases have been reported to play an important 

role in various lung diseases [42]. Unfortunately, little is 

known about the effects of pesticides on MMPs in lung 

tissue. Several studies have reported that paraquat may 

contribute to the development and progression of fibrosis 

by increasing MMP9 expression [43, 44]. In the present 

study, it was observed that MLT contributed to 

pulmonary toxicity by triggering MMP expressions in 

the lung tissues of rats. On the other hand, it was 

determined that MMP2 and MMP9 expressions were 

downregulated with RUT treatment. 

 

Apoptosis induced by factors such as reactive oxygen 

species is a normal cell death process [45, 46]. ROS 

production can cause cell damage due to increased 

membrane permeability and impaired mitochondrial 

function, resulting in apoptotic cell death [20]. Previous 

studies have shown that activation of the Nrf2/HO-1 

signaling pathway plays a crucial role in inhibiting 

apoptosis by enhancing oxidative defense [45, 47]. 

Caspase-3 has an important role in the apoptotic pathway 

and is widely used as an apoptotic marker in many 

studies [48-51]. It has been reported that MLT treatment 
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increases apoptotic proteins in the brain such as Bax, 

Bak and caspase-3 [52, 53]. In the present study, it was 

observed that MLT could trigger the apoptotic process 

by up-regulating caspase-3 expression in lung tissue. On 

the other hand, it was determined that RUT treatment 

suppressed caspase-3 expression in anti-parallel with 

Nrf-2/HO-1 pathway. This supports the relationship 

between the lung toxicity of MLT and oxidative stress. 

As a result, it was observed that oxidative stress and 

apoptosis were triggered in the lung tissues of rats given 

MLT, MMPs were activated and significant damage to 

the tissue could occur as a result. However, it has been 

determined that RUT treatment can alleviate MLT-

induced pulmonary damage through suppression of 

oxidative stress, apoptosis and MMPs.  
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