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Abstract 

The objective of this paper is to study the histological changes induced by Reldan 40EC in a dose of 0.01 ml 

chlorpyrifos/g body weight at the level of the lungs of the amphibian specimens Pelophylax ridibundus (Pallas, 1771). 

The insecticide was administrated by intraperitoneal injection (1 injection at 2 days in a scheme for 2 weeks). Highly 

degenerative changes were observed in animals cultured at 22–24°C, compared to those cultured at 4–6°C: thickness 

of alveolar septa, intraparietal, higher number of hypertrophied goblet cells, disorganization of blood capillaries, 

fibrosis. 
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1. INTRODUCTION  

Amphibians are the vertebrate group with the highest percentage of species listed by the 

International Union for Conservation of Nature (IUCN) as decreasing and threatened with 

extinction (Blaustein et al., 2010). Amphibians tend to be at higher risk from aquatic contaminants 

than other vertebrates because of their little mobility, life cycle complexity and high-water 

permeability skin (Gonzalez Mille et al., 2013). The decline of amphibian populations is primarily 

due to anthropogenic pollution and increasing use of pesticides and synthetic fertilizers (Houlahan 

et al., 2000; Sparling, 2003; Greulich and Pflugmacher, 2004; Hayes et al., 2006; Whittaker et al., 

2013; Soloneski et al., 2016; Trudeau et al., 2020). Bridges and Boone, 2003 also considering that 

tadpoles may be exposed many times to residues of agricultural contaminants during development. 

Pelophylax ridibundus Pallas, 1771, primarily known as Rana ridibunda, is a widely distributed 

marsh frog species of Europe, including in Romania (Török et al., 2019). P. ridibundus is a useful 

bioindicator can provide information in environmental risk assessment due to spending its whole 

life in the watershed (Marques et al., 2009; Zhelev et al., 2013; Zhelev et al., 2018) – quote from 

Șișman et al., 2020). The use of specimens of Pelophylax ridibundus as bioindicators of pollution of 

agricultural environments is also recommended by Zhelev et al., 2018. 
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Reldan 40EC is an organophosphorus pesticide (insecticide, nematicide and acaricide) of the third 

toxicity group and has as active substance chlorpyrifos-methyl at a concentration of 400 g/l. 

Organophosphorus pesticides are increasingly used in agriculture and have in many cases replaced 

organochlorine and carbamate insecticides, due to its high efficacy and low persistence; at present 

they are used at the highest rates for both domestic and agricultural uses (Kiely et al. 2004; Casida 

and Quistad, 2004). Chlorpyrifos (CAS 2921-88-2) is a broad-spectrum organophosphorus 

insecticide applied world life with low persistence in outdoor environment (Koshlukova and Reed, 

2014). Research has shown that runoff after heavy rains can remove up to a third of the amount of 

chlorpyrifos that was recently applied to soils (Beasley, 2020); chlorpyrifos in water bodies adjacent 

to agricultural fields at much higher concentrations - up to 700 mg/L. Mode of action of 

chlorpyrifos is cholinesterase inhibition (El-Merhibi et al., 2004). LC50s for chlorpyrifos in 

developing anurans have ranged from 1 to 14 mg/L (Beasley, 2019). The LC50 values of 

chlorpyrifos for the frog R. cyanophlyctis at 24, 48, 72, and 96 h were 8.252, 7.254, 6.247 and 

4.993mg/L, respectively (Srivastav et al., 2017); 96h LC50 value for embryos of Xenopus laevis 

was reported as 2.41mg/L (El-Merhibi et al., 2004) and for tadpoles of Bufo bufo gargarizans has 

been reported as 0.80 mg/L (Yin et al., 2009). Bernabo et al., 2011 reported 96-h LC50 value of 

chlorpyrifos for R. dalmatina tadpoles of 5.174 mg/l. Chlorpyrifos at concentrations as low as 

25 μg/L caused developmental abnormalities (lateral tail flexure that would impair swimming) and 

severely malformed gills at tadpoles of Rana dalmatina; a concentration of only 1 μg/l stunted the 

growth and altered the brain structure of northern leopard frog (L. pipiens) tadpoles – Beasley, 

2020. 

Chlorpyrifos did not cause a concentration-related reduction in developmental rate of R. dalmatina 

tadpoles (Bernabo et al., 2011). In R. dalmatina tadpoles chronically exposed to chlorpyrifos 

(0.025, 0.05 and 0.1 mg/l), the first pathological effects observed in the gills after 8 days and 

preceded any other evident alterations such as deformities or behavioural disorders (Bernabo et al., 

2011); the authors reported the following changes in the gills: mucous secretion, epithelium 

detachment and a degeneration phenomenon. Although at a concentration of 0.2 mg/l, chlorpyrifos 

does not have the effect of reducing survival, does not influence the growth and development of 

Rana boylii and Pseudacris regilla tadpoles, but increases the duration of metamorphosis at higher 

concentrations. Changes in body weight and development as a result of exposure to chlorpyrifos 

(0.1 and 0.2 mg/l) in four North American frog species was reported by Widder and Bidwell (2008). 

After exposure to chlorpyrifos, several authors reported consistent malformations such as spinal 

abnormality, flexure of the tail and oedema in X. laevis tadpoles (Richards and Kendall, 2002; 

Bonfanti et al. 2004; Colombo et al. 2005 - quote from Bernabo et al., 2011). A number of adverse 

effects of chlorpyrifos have been reported in vertebrates: hepatic dysfunction, immunological 

abnormalities, embryo toxicity, genotoxicity, teratogenicity, and neurochemical and 

neurobehavioral changes (Ali et al. 2009; Dam et al. 2000; Gomes et al. 1999; Rahman et al.  2002; 

Ricceri et al. 2006; Song et al. 1998 - quote from Bernabo et al., 2011). 

Studies on the influence of this insecticide on amphibians are quite few (Giesy et al. 1999; Richards 

and Kendall 2002, 2003) and focus on Xenopus laevis, which is a widely used experimental model. 

In this paper we investigated the histopathological effects on the lungs of Pelophylax ridibundus 

adults induced by the insecticide Reldan 40EC at two thermal levels. 
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2. MATERIALS AND METHODS  

The biological material used is represented by adults of Pelophylax ridibundus, of both sexes, with 

an average weight of 56 ±1.8 g. The acclimatization of the animals in the laboratory lasted 5 days in 

aquariums contained dechlorinated tap water. All care was taken to avoid giving stress to the frogs. 

Feeding was stopped 24 h before and during the experimental period. Throughout the experiment, 

animals were maintained under a natural light/dark cycle and median pH 7.3. During the 

experimental period, the presence of mortality was monitored, and dead animals removed.  

The animals were divided into 6 groups of 10 frogs: the control groups at temperatures of 4-6 ºC 

and 22-24ºC and the experimental groups, in which the animals were injected with Reldan 40 EC in 

a dose of 0.01 ml chlorpyrifos/g body weight and keep at 4-6º C respectively at 22-24º C. The 

insecticide was administrated by intraperitoneal injection (1 injection at 2 days in a scheme for 2 

weeks).  

At the end of the treatment, the animals were anesthetized with chloroform and were spinalized by a 

method indicated by Picoş and Năstăsescu (1988) and lung pieces were taken to assess histological 

changes via light microscope examination Tissues samples were fixed in 8% neutral formalin for 

poikilotherms for 24h. Samples were then processed using a graded ethanol series and embedded in 

paraffin. Paraffin section were cut 7 μm - thick slices using a rotary microtome (Slee Maintz Cut 

5062) and stained with: haematoxylin (H) as a general screening method and Sirius red (Juncueira 

et al., 1979) for collagen stain (fibrosis). The sections were viewed and photographed using an 

Olympus microscope with an attached camera. Three replicates were used for each treatment and 

the control. Precautions were taken to remove the dead frog immediately because dead animals 

deplete dissolved oxygen. 

 

3. RESULTS AND DISCUSSIONS  

Lung, liver and kidney are the most preferred organs for histopathological investigations due to 

their roles in absorption, distribution, biotransformation, detoxification and excretion of xenobiotics 

(Păunescu et al., 2012). Chlorpyrifos is known to induce histological changes in lung tissue (Uzun 

et al., 2010). 

During hibernation, which occurs from a temperature of 4ºC, frogs do not use their lungs, becoming 

inactive animals (Őztay, 2000). As the metabolism decreases, there are mainly functional changes. 

However, in the lung it can be seen that in the blood capillaries the erythrocytes are very close to 

the pneumocytes which are inactive. Also, erythrocytes are intensely stained, probably due to the 

accumulation of a larger amount of haemoglobin in order to use at a maximum level the minimum 

amount of air in the lung. The goblet cells also become inactive, containing in the apical cytoplasm 

numerous large secretory granules (Őztay, 2000), which give the appearance of honeycomb.  

Reldan 40EC at a concentration of 0.01 ml chlorpyrifos/g body weight causes poor histological 

changes in the lungs in animals kept at a temperature of 4-6 °C: an accentuated thickening of the 

conjunctive septa (especially of the first order) and the presence of numerous smooth muscle fibres 

in the septum walls along with numerous fibroblasts (figure 1). 

The goblet cells hypertrophy and become inactive, and secretory granules are observed in their 

cytoplasm that no longer exocyte; pneumocytes have in their immediate vicinity hyaline 

erythrocytes, which no longer exchange respiratory gases (pneumocytes become inactive) and some 

blood capillaries become disorganized (figure 2). 
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Figure 1. Cross-section through the lung of Pelophylax ridibundus treated with Reldan 40EC and kept at a 

temperature of 4-6ºC. First order septa - white arrow, second order septa - black arrow, third order septa - red arrow. 

100X. HE and Sirius red  

 

 
Figure 2. Lung cross section of Pelophylax ridibundus treated with Reldan 40EC and kept at a temperature of 4-6ºC 

 Disorganized blood capillaries - white arrow, inactive pneumocytes - black arrow,  

hyalinized erythrocytes - red arrow. 400X. HE and Sirius red. 

 

In the case of animals treated with the same toxic concentration but kept at a higher temperature 

(22-24ºC), the histological changes that occur in the lung are more pronounced. First-order 

longitudinal septa thicken even more, becoming almost rigid compared to those described in the 

control specimens. There is a presence of a larger number of connective cells, respectively 

fibroblasts, in the connective walls, their presence being associated with the accentuation of 

intraparietal fibrosis. First-order septa are bordered by a pseudostratified epithelium that 

disorganizes in some areas (figure 3). Also, the presence of many smooth muscle fibres along with 

elastic fibres is associated with a higher flow of air in the air sacs or airways. The presence of 

monocytic infiltrates in the blood capillaries is a response of the body to the toxic action of the 

insecticide Reldan 40EC. 
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Figure 3. Lung of Pelophylax ridibundus treated with Reldan 40EC and kept at a temperature of 22-24ºC 

Thickening of the conjunctival septa with the presence of large muscle fibres in large quantities (arrows) - left. 

Presence of monocytic infiltrates in the blood capillary - right.  

100X and 400X, HE and Sirius red 

 

Second-order septa also show a thickening, compared to the controls, and the smooth muscle fibers 

have longer elongated nuclei (figure 4a).  
 

Figure 4. Lung de Pelophylax ridibundus treated with Reldan kept at a temperature of 22-24ºC 

a - second-order conjunctivae thickened with smooth muscle fibres with elongated nuclei (black arrow); third-order 

conjunctivae bordered by a respiratory-type epithelium with numerous goblet cells (white arrow). 100X; b - 

hypertrophied goblet cells. 400X; c – pneumocytes surrounded by lysed erythrocytes (red arrow), disorganized blood 

capillaries (white arrow), desquamation of the respiratory epithelium (black arrow). 400X; d - areas of histolysis with 

the presence of macrophage stellate cells. 400X, HE and Sirius red 

 

At the level of the third order septa, there are changes in the structure of the respiratory epithelium 

(figure 4b). Thus, the presence of a higher number of hypertrophied goblet cells accompanying 

pneumocytes is found, probably due to the need for a large amount of mucus with a protective 
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function. Blood capillaries become disorganized; the pneumocytes are blocked by becoming 

inactive and are surrounded by lysed erythrocytes (figure 4c). There are areas where the respiratory 

epithelium flakes off. In the lung parenchyma there are some areas of histolysis in which the 

presence of macrophage stellate cells is noticed (figure 4d).  

Similar changes have been reported in Pelophylax ridibundus specimens exposed to Roundup® 

herbicide: hyperplasia of the respiratory epithelium, an increase in the number of goblet cells, 

increasing the nucleus diameter of pneumocytes, interstitial oedema, presence of melanin deposit 

(Păunescu et al., 2012). Highly degenerative changes in lung tissue such as interstitial oedema, 

presence of melanin deposit, an increase in the number of hyperplasiated and active goblet cells, 

were evident in animals that was treated with toxic and kept at 22-24ºC. Șișman et al., 2021 

reported histopathological alterations in lung tissue in marsh frog (Pelophylax ridibundus) in 

agricultural areas: epithelial hyperplasia, thickness of alveolar septa, dilatations and congestions of 

blood capillaries, and melanomacrophage accumulation. Păunescu et al reported a series of 

histopathological changes induced by exposure of Pelophylax ridibundus specimens to Reldan 

insecticide in various reactive organs: liver (Păunescu et al, 2010), skin (Păunescu et al, 2010) and 

gall-bladder (Păunescu et al, 2010), as well as a series of changes in some physiological parameters 

(Păunescu et al, 2009): increases in erythrocyte count and glycaemia value and a decrease 

in leukocyte count. 

To study the toxic effect of Reldan 40EC on pneumocytes, we calculated the ratio of nucleus 

diameter to pneumocyte diameter and applied the statistical test t (Student) for p <0.05. 

 
Table 1. Ratio of nucleus diameter to pneumocyte diameter 

 

4. CONCLUSIONS 

These observations lead us to conclude that Reldan 40 EC in a dose of 0.1 ml chlorpyrifos/g of 

body weight determinates morphologic modifications in the lung tissues of Pelophylax ridibundus 

in both thermic variants (at 4-6º and at 22-24ºC).  

Lung tissue of the frogs showed marked pathological changes such as: increase in the number of 

goblet cells (which are also hyperplasiated), disorganization of blood capillaries, signs of fibrosis. 

Also, pneumocytes react by increasing the nucleus diameter in relation to the cell diameter. Highly 

degenerative changes in lung tissue were evident in animals that were treated with toxic and kept at 

22-24ºC. This study demonstrates a direct correlation between insecticide exposure and 

histopathological disorders observed in lung tissues. 

Also, a temperature of 4-6 °C determines the presence of smaller nuclei in pneumocytes, while at a 

temperature of 22-24 °C there is an increase in the volume of the nuclei, which is highlighted in the 

expression of the ratio between the diameter of the nucleus and the diameter of the pneumocyte. 

 

 

Lot Number of measurements Average and standard deviation 

C 4-6ºC 200 0.58±0.029 

Lot I 200 0.62±0.021 

C 22-24ºC 200 0.75±0.022 

Lot II 200 0.83±0.018 
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