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The toxicity of organophosphorus insecticides is considered a major global health problem, and the target of the toxic action of these compounds in humans and pests is the same. Malathion is the most commonly used organophosphate, and its danger lies in prolonged exposure to low doses. Based on a review of the literature, little is known about the toxicological and clinicopathological effects of low doses of malathion on animal enzyme activity, such as acetylcholinesterase (AChE), alkaline phosphatase (ALP), glutamic-pyruvic transaminase (GPT), glutamic-oxaloacetic transaminase (GOT), and glutathione S-transferase (GST). Furthermore, the histopathological changes in the organs being studied (liver, kidney, brain, and lung) in treated rats were described. Three groups of experimental animals were created (each with eight rats): two experimental groups and one control group. The first group of rats received a dose of 5 mg/kg malathion orally for 24 h, the second received a dose of 5 mg/kg malathion for 21 days, and the third served as a control. Surprisingly, ALP, GPT, GOT, and GST enzymatic activities increased significantly in both malathion-treated groups (24 h or 21 days), while those of AChE significantly decreased. The histopathological changes were minimal and almost negligible in rats treated with malathion for 24 h. However, multiple histopathological changes were reported in rats treated with malathion for 21 days, including focal hepatocellular necrosis, chronic pyelonephritis, cerebral malaria, interstitial pneumonia, and testicular degeneration. Interestingly, there was a direct correlation between the alterations in biochemical parameters and histopathological lesions with the prolonged time of low malathion dose administration in rats. The study highlights the importance of research involving malathion’s chronic toxicity by non-lethal low concentrations of malathion to which most people and animals are exposed, whether as residues in water, air, or food.
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1 INTRODUCTION
Pesticides have been used for several decades to improve agricultural productivity, reduce economic losses caused by controlling unwanted insects, worms, and animals, and eradicate disease vectors (Bhardwaj and Saraf, 2014). However, pesticides are not entirely beneficial since they are considered a significant source of pollution and have negative health consequences, some of which are irreversible (LaVerda et al., 2015; Navarrete-Meneses et al., 2017; Zhou et al., 2022). Therefore, the long-term effects of low doses of pesticides on human health, non-target species, and the environment raise serious concerns (Massoud et al., 2010; Ahmed et al., 2020). It is, therefore, not surprising to mention that many researchers are interested in implementing advanced methods for detoxification of these insecticides from their major resources, primarily aquatic media (Derbalah et al., 2021; Massoud et al., 2021; Massoud et al., 2022).
Pesticides, even at sub-lethal doses, are among the major hazards for humans and environments (Ahmed et al., 2020). Malathion is an insecticide that is widely used worldwide because of its effectiveness in controlling insects in field crops, fruits, vegetables, and livestock (Rettich, 1980; Chamber, 1992; Barlas, 1996; Tchounwou et al., 2015). Organophosphates (malathion, diazinon, and chlorpyrifos) have been detected in samples of water collected from vegetable and paddy fields in Bangladesh (Chowdhury et al., 2012). Similarly, another previous study conducted in Punjab, Pakistan (Ahmad et al., 2008), showed several pesticide residues in different rice samples, including karate, padan, malathion, and novacran. In addition, Hamid et al. (2020) reported that the concentration of malathion was 18.26 mg/kg in rice from India, which is higher than the maximum limit, suggesting a significant health risk for rice consumers. Therefore, the United States Environmental Protection Agency (USEPA and other studies; US Department of Health and Human Services, 1999; Zheng and Hwang, 2006) classified malathion as a very hazardous compound in Group 2A. Despite its low environmental persistence, high-level exposure to malathion toward animals and other higher vertebrates is considered neurotoxic in animals (US Department of Health and Human Services, 1999; Gurushankara et al., 2007; Budischak et al., 2009; Kumar et al., 2010; International Agency for Research on Cancer, 2015). Several international organizations, notably the Food and Drug Administration and USEPA, have established maximum residual concentrations of malathion in various food crops, such as 8 mg/kg in rice (US Department of Health and Human Services, 1999). In addition, the toxicity of several organophosphorus insecticides, for example, malathion, is increased by their breakdown products, such as oxygen analogs (oxons), which can be bio-activated within an organism or when exposed to sunlight (Derbalah and Ismail, 2013). The influence of pesticides on biochemical parameters, tissues, and organs is commonly used to assess their toxicity toward humans and animals (Enan et al., 1982; Ghanem et al., 2006). Measuring the enzymatic activity in the blood is commonly carried out to measure pesticide toxicity because of its high sensitivity and it is less time consuming. Furthermore, investigating the histopathological changes is considered a reliable diagnostic measure of the toxic effects of pesticides (Cornelius et al., 1959; Adeel et al., 2020; Adeel et al., 2021). The liver is the primary target of xenobiotic toxicity and is an essential organ for metabolizing many chemicals by biotransformation. The kidneys participate in the disposal of toxic metabolites (Neal, 1972). Hepatocytes secrete transaminases (glutamic-pyruvic transaminase [GPT] and glutamic-oxaloacetic transaminase [GOT]), which play an important role in amino acid biosynthesis and are, thus, specific indicators of liver injury. GPT and GOT are normally found in hepatocytes; however, when liver tissue is damaged, they leak into the bloodstream, leading to an increase in their level and activity in the plasma (Banaee et al., 2011). The alkaline phosphatase enzyme degrades different phosphorous esters in an alkaline medium, and its increased activity has been associated with liver cell damage (Sayim, 2007). Collectively, these organs, liver and kidney, are considered the target for malathion toxins (Yang et al., 2000). These organs are frequently used as a key indicator of the toxicity of various substances (Massoud et al., 2010). Although humans and animals are mostly exposed to pesticides at low doses for long-term periods, most of the previous studies evaluated the toxicity of pesticides at high doses, and very limited information is available regarding the effects of low doses (Derbalah and Ismail, 2013; Ahmed et al., 2020). Given the aforementioned information, this study evaluated the toxic effects of malathion at a low dose (5 mg/kg) in rats. Malathion toxicity was determined by examining its effects on numerous biochemical parameters combined with an assessment of the histopathological changes in some organs (liver, kidney, brain, lung, and testes) 24 h and 21 days after treatment versus the untreated control.
2 MATERIALS AND METHODS
2.1 Chemicals
Malathion (purity = 99.9%) was purchased from Kafr El-Zayat Company for chemicals and pesticides, (Kafr El-Zayat, Egypt). All chemical kits used for the determination of some biochemical parameters were bought from Biogenic Co., Ltd. (United States).
2.2 Toxicity Experiments
2.2.1 Ethical Statement
This study’s experimental protocol and animal care followed the ethical standards of the Faculty of Veterinary Medicine, Kafrelsheikh University, Egypt. The study’s ethical approval code number is KFS-2019/3.
2.2.2 Animals
In this study, adult Wister male rats (Rattus norvegicus) were procured from the Animal House of the High Institute of Public Health, Tanta, Egypt, at 8 weeks of age and weighing 100–120 g. The animals were kept in wire cages under standard conditions, with unrestricted access to food and water. The rats were kept in a temperature-controlled room with 14 h of light and 10 h of dark cycles, standard temperature of 24 ± 4 °C, and relative humidity of 60 ± 10%. The animals were acclimatized for 2 weeks under these conditions before starting the treatment (Korsrud et al., 1972).
2.2.3 Animal Treatment
This experiment was performed in the Department of Pesticide Chemistry and Toxicology, Faculty of Agriculture, Kafrelsheikh University, Egypt. The experimental animals were divided into three groups (eight animals per group). The first and second groups were used to test the pesticide’s effects after 24 h (G1: Group 1) and 21 days (G2: Group 2), respectively, while the third group (G3: Group 3) served as a control (no malathion administered). Malathion was given to the rats at a dose of 5 mg/kg (volume, 1 ml) (1/316 LD50 for malathion). The rats were checked daily for any clinical signs of toxicity, moribund status, and mortality throughout the testing period (Ahmed et al., 2020).
2.2.4 Biochemical Assays
Blood samples were collected from each treatment group (one sample per animal), centrifuged at 4,500 rpm for 20 min, and serum was extracted and stored at −20°C until the enzymatic activities were measured. Colorimetric methods were performed as described previously (Waber and Dtsch, 1966; Gornal AC and David., 1949; Belfield A, 1971; Reitman and Frankel, 1957; and; Rose and Wallbank, 1986) to determine the activity of AChE, total protein, ALP, GPT, GOT, and GST. A spectrophotometer (SPECTRO MASTER Model 415; Fisher Scientific) was used to determine the level of enzymes after treatment with malathion. The specific activity of the selected enzymes was calculated by dividing the number of units/mL by the protein concentration in mg/mL to obtain μmol/min/mg (Manole et al., 2008).
2.2.5 Histopathological Examination
Animals were sacrificed under anesthesia and all lesions were recorded after the post-mortem examination. To investigate possible histopathological changes, specimens from the liver, kidneys, brain, lungs, and testes were collected and preserved in neutral buffered 10% formalin. Later on, the samples were dehydrated in ascending concentrations of alcohol, cleared in xylene, embedded in paraffin wax, cut at a thickness of 4 μm, stained with hematoxylin and eosin, and examined under a light microscope (Bancroft and Stevens, 1996). Histopathological lesions were scored according to the set criteria: marked [massive] (41–100% of tissue involved), moderate (21–40% of tissue involved), mild [slight] (11–20% of tissue involved), and minimal (0–10% of tissue involved) by recording the nature and extent of the lesion and its frequency of occurrence in randomly selected sites in the tissue (Shackelford et al., 2002).
2.3 Statistical Analysis
One-way analysis of variance (ANOVA) was used to analyze the biochemical data using the SPSS statistical software package for Windows version 11.0. Duncan’s multiple range test (Duncan, 1955) was also used to determine significant differences between the means. The significance level was set at p ≤ 0.05 (Duncan, 1955).
3 RESULTS
3.1 Biochemical Effects in Rats Treated With Malathion
Figure 1 shows that the ALP, GPT, GOT, and GST activities were significantly increased after 24 h of treatment with malathion, whereas those of AChE were significantly decreased compared with those of the untreated rats. After 21 days of treatment, the assessed enzymes (ALP, GPT, GOT, and GST) showed the same trend and were significantly increased, while the activity of the AChE enzyme was significantly decreased (Figure 2).
[image: Figure 1]FIGURE 1 | Effect of malathion on AChE, total protein, ALP GPT, GOT, and GST in male rats after 24 h of treatment compared to control. Bars represent means ± SD. *p < 0.05 versus control. Different letters (A,B) indicate the significant differences between means according to Duncan’s multiple range test.
[image: Figure 2]FIGURE 2 | Effect of malathion on AChE, total protein, ALP GPT, GOT, and GST in male rats after 21 days of treatment compared to control. Bars represent means ± SD. *p < 0.05 versus control. Different letters (A,B) indicate the significant differences between means according to Duncan’s multiple range test.
3.2 Histopathological Changes in Rats Treated With Malathion
3.2.1 Histopathological Changes in the Liver
As shown in Figure 3, there was slight sinusoidal cell activation, mainly with macrophages and the presence of single hepatocytes cell necrosis among rats treated with malathion for 24 h. Meanwhile, the livers of rats which received the same dose of malathion for 21 days showed congestion and dilatation of the hepatic sinusoids, moderate inflammatory reaction in the form of periportal mononuclear cell infiltration, and focal hepatocellular necrosis.
[image: Figure 3]FIGURE 3 | Effect of malathion on the liver. (A) Liver of the control rats showing intact hepatic parenchyma with normal arrangement of hepatocytes (H), sinusoids (S), and central vein (C). (B) Liver of rats treated with malathion for 24 h showing mild sinusoidal cell activation (arrow) and (C) single cell necrosis of hepatocytes (arrow). (D) Liver of rats treated with malathion for 21 days showing severe congestion (arrow), (E) massive periportal mononuclear cell infiltration (arrow), and (F) focal hepatocytic necrosis (arrow) with the infiltration of mononuclear cells within and at the margin of the necrosis areas (arrow head).
3.2.2. Histopathological Changes in the Kidney
The kidneys of rats treated with malathion for 24 h showed no histopathological changes and had normal renal tubules and glomeruli. However, those rats treated for 21 days had moderate vacuolar degeneration in the renal tubules lining the epithelium, presence of proteinaceous casts in the lumens of renal tubules, massive pyelonephritis with mononuclear cell infiltration in the pelvis, and squamous metaplasia of the renal pelvis lining epithelium and tubular basophilia (Figure 4).
[image: Figure 4]FIGURE 4 | Effect of malathion on the kidneys. (A,B) Kidneys of control rats and those treated with malathion for 24 h appeared with normal renal tubules (T) and glomeruli (G). (C) Rats treated with malathion for 21 days showing a moderate degree of vacuolar degeneration (arrow) in the lining epithelium of the renal tubules, (D) presence of proteinaceous casts (arrow) in the lumens of renal tubules, (E) massive pyelonephritis with mononuclear cell infiltration (arrow) in the pelvis and squamous metaplasia (arrow head) of the renal pelvis lining epithelium, and (F) tubular basophilia (arrow) of the tubular lining epithelium.
3.2.3 Histopathological Changes in the Brain
There were few changes in the brain of rats treated with malathion for 24 h in the form of a slight perivascular cuff. However, there was focal cerebral malacia with infiltration of many glial cells in rats treated with malathion for 21 days (Figure 5).
[image: Figure 5]FIGURE 5 | Effect of malathion on the brain. (A) Brain of control rats showing intact neuronal cells (N) and blood vessels (V) in the neuropil (P) of the cerebrum. (B) Brain of rats treated with malathion for 24 h showing a slight perivascular cuff (arrows). (C) Brain of rats treated with malathion for 21 days showing cerebral malacia (arrow) with the infiltration of large number of glial cells (arrow head).
3.2.4. Histopathological Changes in the Lungs
There were few microscopic changes noticed in the lungs of rats treated with malathion for 24 h in the form of congestion of the inter-alveolar blood vessels with perivascular eosinophilic infiltration. The lungs of rats treated with malathion for 21 days showed moderate interstitial pneumonia with thickened inter-alveolar septa and infiltration of numerous mononuclear inflammatory cells (Figure 6).
[image: Figure 6]FIGURE 6 | Effect of malathion on the lungs. (A) Lungs of control rats with clear and intact alveoli (A) with thin inter-alveolar septa (S). (B) Lungs of rats treated with malathion for 24 h showing congestion of the inter-alveolar blood vessels and perivascular eosinophilic infiltration (arrow). (C) Lungs of rats treated with malathion for 21 days showing thickening of the inter-alveolar septa infiltration of a large number of mononuclear inflammatory cells (arrow).
3.2.5. Histopathological Changes in the Testes
In this work, no microscopic changes in the testes of rats treated with malathion for 24 h were noticed and the testes appeared similar to those of the control rats. However, rats treated with malathion for 21 days showed testicular degeneration with complete necrosis of the germinal lining epithelium of some seminiferous tubules and massive interstitial edema (Figure 7).
[image: Figure 7]FIGURE 7 | Effect of malathion on the testis. (A,B) Testis of control rats and those treated with malathion for 24 h showing normal testicular structures with germinal epithelium (G) in the seminiferous tubules and interstitial (Leydig) cells (L). (C) Testis of rats treated with malathion for 21 days showed testicular degeneration with complete necrosis of the germinal lining epithelium (arrow) of some seminiferous tubules and massive interstitial edema (short arrow).
3.2.6 Quantification of Histopathological Changes in Rats Treated With Malathion
The quantification and scores of histopathological lesions recorded for the liver, kidneys, brain, lungs and testis in rats treated with malathion are shown in Table 1.
TABLE 1 | Lesions and scoring criteria for reported histopathological lesions of the liver, kidneys, brain, lung, and testis scored in the rats treated with malathion.
[image: Table 1]4 DISCUSSION
This study reveals interesting biochemical and histopathological findings evaluating the toxic effects of malathion at a low dose (5 mg/kg) in rats after 24 h and 21 days of treatment. The study measured several biochemical enzymes followed by assessing the histopathological changes in the liver, kidney, brain, lung, and testes. In the present work, we observed a significant increase in the activity of liver enzymes (GOT and GPT) after treatment with malathion, which is in agreement with previous reports (Bogusz, 1968; Menratha et al., 1973; and Abdel-Rahman et al., 1985). Notably, the elevated levels of the GPT and GOT enzymes indicate the damage of hepatic tissue (Massoud et al., 2010; Banaee et al., 2011).
It should be stressed that the liver is considered one of the most important organs affected by malathion toxicity, resulting in hepatocellular damage and increased liver enzymatic activity (Badr, 2020). In the present work, high levels of ALT and AST were reported in the treated groups compared with the control animals, which is in harmony with the histological changes found in liver tissue and is in agreement with previous studies (Agrahari et al., 2007). The reported alteration in the activity of hepatic enzymes in malathion-treated mice could be attributed to early hepatocyte damage induced by malathion (Banaee et al., 2011) (Ncibi et al., 2008). It is noteworthy to mention that ALT, AST, and ALP are considered markers of liver damage (Gokcimen et al., 2007). In addition, it has been shown that organophosphorus insecticides can elevate the enzymatic activities of ALT, AST, and ALP (Khan et al., 2005; Rezg et al., 2007; Ncibi et al., 2008; Ogutcu et al., 2008; Celik et al., 2009). The ALP enzyme is involved in various biological processes, including the removal of toxic compounds, metabolism, and biosynthesis, all required for cell function. As a result, any disruption in this enzyme contributes to tissue and cell function disruption (Rezg et al., 2007). In the present study, there was an increase in the activity of this enzyme in rats treated with malathion compared with the control group which might be attributed to the damage that occurred in liver tissues with the disturbance of the normal liver function. This interpretation is consistent with several previous studies showing that the damage of the cell membrane of the liver is followed by the release of many enzymes into the blood, including ALT, AST, and ALP (Abdel-Rahman et al., 1985; Rezg et al., 2007; Ncibi et al., 2008).
Taken into account, the GST enzyme targets the detoxification of organophosphate insecticides. This enzyme acts by either rapidly metabolizing the insecticide into non-toxic products or rapid binding to the insecticide (Hemingway et al., 1998; Kostaropoulos et al., 2001). In this work, rats treated with malathion after 24 h had reduced hepatic GSH activity, which is in agreement with previous reports (Lasram et al., 2014; Selmi et al., 2015). In stark contrast, rats treated with malathion for 21 days exhibited an increase in GST activity, which was also observed in a previous study (Hazarika et al., 2003).
Furthermore, the amount of GSH present in the cell as a co-substrate of GST appears adequate to cope with the enzyme’s increased activity (data not shown). Importantly, the inhibition of AChE remains among the main mechanisms of malathion toxicity (Esen and Uysal, 2018); AChE activity could be used as a surrogate marker of oxidative stress in health monitoring and, therefore, is considered an indicator of brain function. In this work, the activity of the cholinesterase enzyme decreased in rats treated with malathion compared with the control group. The present findings agree with many researchers who revealed that poisoning with organophosphorus pesticides, such as malathion, inhibits the enzyme cholinesterase in the blood (Hazarika et al., 2003; Timur et al., 2003). In a previous study, workers exposed to organophosphorus pesticides had significantly lower AChE activity (Hernández et al., 2013). The significant decrease in acetylcholinesterase activity after malathion administration can be explained because organophosphate insecticides inhibit AChE irreversibly by the phosphorylation of the enzyme’s serine-OH group (Dumschat et al., 1991; Mortensen et al., 1998).
Regarding the histopathological changes in this work, a slight inflammatory reaction was observed in the liver tissue of rats treated with malathion as a single dose. In contrast, an advanced inflammatory reaction was represented by focal hepatic necrosis with periportal infiltration of mononuclear cells in the rats treated with malathion for 21 days. These later lesions might arise from the toxic effects of malathion and their influence on the liver’s detoxification mechanisms and inflammatory response (Gokcimen et al., 2007; Yehia et al., 2007). As mentioned previously, the liver is a well-known detoxifying organ which mainly performs through p450-mediated enzymatic catalysis (Ahmed et al., 2020). In this study, it seems that prolonged treatment with malathion inhibited p450-mediated biostimulants or negatively affected the mitochondrial membrane transport system of hepatocytes of treated rats, resulting in hepatocyte damage and death, and these findings are consistent with several previous studies (Guengerich and Avadhani, 2018; He et al., 2020). The observed mild degenerative changes in the liver of rats after 24 h of treatment are consistent with previous studies (Toś-Luty et al., 2003). It was discovered that exposure of male Wister rats to a single dose of malathion caused degenerative changes in the liver and induced parenchymatous degeneration. Similarly, after 21 days of treatment, the observed hepatic changes were correlated with increased levels of liver enzymes that rendered to subchronic liver damage. These later findings are consistent with those reported previously (Sayim, 2007; Kim et al., 2008; Singh et al., 2013).
Organophosphorus pesticides induce various histopathological changes in the liver and kidneys (Zidan, 2015). These induced histopathological changes include bleeding, infiltration of inflammatory cells, and necrosis (Kalender et al., 2006) and were consistent with several previous reports (Kerem et al., 2007; Afshar et al., 2008). In this work, the kidneys of rats which received malathion for 24 h did not show any microscopic abnormalities. However, marked renal changes were observed in rats sacrificed after 21 days of treatment. It seems that the long time exposure of kidneys to malathion resulted in subchronic toxicity and a series of degenerative changes in the glomerular tufts and peritubular renal capillaries, chronic pyelonephritis with infiltration of numerous mononuclear cells, and squamous metaplasia of the lining epithelium of the renal pelvis (Yun et al., 2015; Iavicoli et al., 2016). The proximal tubules are the main site for xenobiotic biotransformation, making them more susceptible to chemical insult, and therefore, all reported lesions were confined mainly to the renal cortex (Lock and Reed, 1998).
The brain is a highly sensitive organ to toxicity and highly susceptible to oxidative processes (Savolainen, 1978). As observed in this work, the brain showed slight histopathological changes in rats treated with malathion for 24 h, but these histopathological changes became more severe after treatment for 21 days, indicating the stress condition of these rats, which was reported in previous studies (Cheng et al., 2020). As mentioned previously, some pesticides, such as organophosphorus compounds, are neurotoxic (Ahmed et al., 2011). Malathion is considered one of the compounds that interfere with the chemical neurotransmission or ion channels and cause reversible neurotoxic effects such as neuritis and gliosis, consistent with previous research (Eddleston et al., 2002; Gunnell et al., 2007).
Regarding the lungs, as shown, malathion was not toxic to the lungs after 24 h. However, after a long period (21 days) of exposure to malathion, the lungs showed more severe pulmonary changes. The resulting pulmonary lesions might be attributed to the breakdown of the alveolar epithelial/endothelial barrier and the release of exudative inflammatory infiltrate into the lungs (Hussain and Sultan, 2005). However, a previous study (Adamis et al., 1999) mentioned that the pathophysiological processes leading to these inflammatory reactions are unclear, but pulmonary toxicity can induce acute inflammatory reactions with different features.
Examination of the male reproductive organs after exposure to malathion is of great importance (Bustos-Obregon et al., 2001). In this study, rats treated with malathion for 24 h showed the same histological structure as the control group. This result is in agreement with that reported previously (Recena et al., 2006). Meanwhile, malathion-treated rats showed evident testicular changes after 21 days. Previous reports have shown that malathion affects the testes’ germinal and somatic cells, decreases testosterone activity, and consequently inhibits spermatogenesis through damage and vacuolation of Sertoli’s cells and germ cells (Steger et al., 1999; Farag et al., 2000; Mahgoub and El-Medany, 2001). In this work, necrosis and edema in the seminiferous tubules and interstitial tissue were similar to those noticed in several previous studies (Farag et al., 2000; Khan et al., 2001; Uzunhisarcikli et al., 2007). Taken together, the study concluded that low or sub-lethal doses of malathion have toxic effects on the treated rats, particularly after 21 days of treatment reflected in a series of biochemical and histopathological changes. This shows that exposure to malathion residues in food or water can have serious long-term toxic effects on human and animal health, particularly at low doses.
CONCLUSION
According to the present findings, malathion pesticide induced several biochemical alterations combined with a series of histopathological changes and damage in the liver, kidneys, brain, lung, and testes after a short time of exposure to a dose of 5 mg/kg. Considering this, the toxic effects of malathion on human health cannot be overlooked, especially when long-term exposure and low doses of the pesticide are considered. Our study suggests future research to investigate the toxicological effects of malathion at low concentrations close to the environmental level and over longer periods of time.
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