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ABSTRACT 

Background: Lambda-cyhalothrin (LCH) is a one of the type II synthetic pyrethroids which is widely used in veterinary medicine and in agriculture to protect 
crops from pest insects. In previous studies, there are few reports about the influence of pyrethroids on the liver and its damage. Analyzing numerous 
publications, nuclear factor-ĸB (NF-ĸB) and vascular endothelial growth factor 2 (VEGFR2) seem to be sensitive indicators of microdamages occurring at 
the cellular level in the liver. The aim of the study was to investigate the effect of subacute poisoning with LCH on the concentration of NFĸB and VEGFR2 
in the livers.  
Methods: The experiment was carried on 32 Albino Swiss mice (16 females and 16 males). The animals were divided into 4 groups. Controls received 
canola oil, the rest received LCH orally in oil at a dose of 2 mg/kg bw for 7 days. The NF-ĸB and VEGFR2 were mesuredin mice livers with ELISA kits. 
Results: The mean NF-ĸB concektration in control femals’ livers was 3.27ng/mL and after LCH it was 6.12ng/mL (p<0.05). In control males it was 
5.49ng/mL and it did not significantly differ after LCH when it was 5.27ng/mL. The mean VEGFR2 in control females was 84.28ng/mL and after LCH it was 
173.81ng/mL (p<0.05). In control males it was 170.61ng/mL and after LCH 170.06ng/mL. 
Conclusion:The NF-ĸB and VEGFR2 can be used as markers of liver damage after subacute poisoning with LCH on female mice. Females are more 
sensitive to LCH than males. 
Keywords: Lambda-cyhalothrin; nuclear factor-ĸB; vascular endothelial growth factor2; liver damage. 

ARTICLE INFO 

PolHypRes 2021 Vol. 75 Issue 2 pp. 57 – 68 

ISSN: 1734-7009  eISSN: 2084-0535 

DOI: 10.2478/phr-2021-0011 

Pages: 12, figures: 0, tables: 1 

page www of the periodical: www.phr.net.pl 

Publisher 
Polish Hyperbaric Medicine and Technology Society 

Original article 

Submission date: 23.10.2020 r. 
Acceptance for print: 18.02.2021 r. 



2021 Vol. 75 Issue 2 

Journal of Polish Hyperbaric Medicine and Technology Society 

 

INTRODUCTION 

Pyrethrum is one of the oldest natural 

insecticides of plant origin known to man. The insecticidal 

properties of pyrethrum became more widely known in 

the mid-nineteenth century, when it was noticed that 

many Caucasian tribes used plants rich in this substance 

to combat human lice [1]. Pyrethrins are prepared from 

the dried flower heads of Chrysanthemum 

cinerariaefolium and / or Chrysanthemum cineum [2,3]. 

The flower extract is a heterogeneous mixture of 

pyrethrins, with a significant difference in proportions 

consisting of pyrethrin I and II, cinerin I and II, and 

jasmoline I and II, which are collectively known as 

pyrethrins [4]. Pyrethrin I and II differ in their insecticidal 

properties - pyrethrin I shows a greater lethal effect, and 

pyrethrin II causes a stronger knock-down effect [5].  

Due to the fact that the cultivation of plants is 

subject to significant fluctuations, the search for synthetic 

pyrethrin derivatives began. The result of the scientists' 

work was the synthesis of pyrethroids [6]. Most 
pyrethroids were obtained by modification of the 

pyrethrin I chrysanthemum acid moiety and esterification 

of alcohols. Their activity is enhanced by the addition of  

a synergist such as piperonyl butoxide which inhibits the 

metabolic degradation of the active ingredient. Their 

widespread use began in the 1970s after the development 

of photostable forms such as permethrin and fenvalerate. 

At the same time, synthetic pyrethroids maintain a low 

toxicity to terrestrial vertebrates [7]. They are 

approximately 2,250 times more toxic to insects than to 

mammals [8].  

Currently, it is estimated that 23% of the 

insecticides available on the world market are pyrethrins 

and pyrethroids. More than 3,500 registered formulations 

of these compounds are widely used in public health, 

agriculture, food processing and insect control in housing 

estates and in urban areas. In medicine, they are used to 

treat scabies and head lice [9].  

Pyrethrins and pyrethroids belong to the group 

of neurotoxic compounds and have a similar mode of 

action that distinguishes them from other insecticides. 

There are several ways for pyrethrins and pyrethroids to 

enter the body. The first is rapid penetration through the 

epidermis, followed by uptake by blood and haemolymph 

carrier proteins, and then distribution in the body. 

Pyrethroid diffusion along the epidermal cells is the major 

route of distribution into the central nervous system 

(CNS) after penetration [10]. 
Pyrethroids can also enter the CNS directly 

through contact with receptors in the peripheral nervous 

system [11]. Pyrethroid in an aerosol can also enter the 

body through the respiratory tract, but penetration is 

only a small percentage due to the low vapor pressure of 

these compounds [12,13]. An important route of 

penetration of pyrethroids is through the gastrointestinal 

tract with food and water [14]. 

Based on the chemical structure, action on 

nerves pyrethroids are divided into: Type I (they produce 

syndrome T with tremor) and type II (producing 

syndrome CS -choreoathetosis with salivation) [15,16]. 

Aggressive ataxia, convulsions, tremors and extreme 

exhaustion are the hallmarks of the T syndrome. 

Moreover, as a consequence of muscle tremors, 

compounds classified as type I pyrethroids increase body  

temperature. In turn, the CS syndrome consists of profuse  

salivation, choreoathetosis, increased fear response and 

treatment-resistant seizures. Unlike type I pyrethroids, 

type 2 pyrethroids lower body temperature as a result of 
excessive salivation and wetting of the abdominal surface 

of the body [15,17,18]. The literature also describes 

combinations of the symptoms of T and CS syndromes, for 

example TS syndrome (tremor with saliviation) [16]. 

Detailed electrophysiological studies explained that the 

voltage-dependent sodium channels in the nerve 

membrane are the main target sites for pyrethroids in 

both insects and mammals, including humans [18,19].   

Pyrethroids act very quickly, causing symptoms 

of loss of musculoskeletal coordination and paralysis 

known as the "knockdown" effect, often accompanied by 

cramps and tremors, inducing intense, repeated 

activation in the sensory organs and myelinated nerve 

fibers. Sometimes the contractions are so violent that in 

insects they may result in the loss of legs and wings [6].  

Lambda-cyhalothrin (LCH) is a type II synthetic 

pyrethroid. It is one of the new type II pyrethroid 

insecticides with high efficacy and against a wide variety 

of arthropods, harmful both to human and animal health 

and to plant breeding. LCH is widely used in veterinary 

medicine for the control of lice, flies, and ticks in cattle, 

sheep and pigs, as well as in agricultural formulations for 

the control of numerous pests on fruit, vegetables in 

order to increase crops. It is used in soaking anti-

mosquito nets used in malaria risk zones, as well as in 

many products used in skin spraying or sprayed in 

households to protect against unwanted insects. 

Regarding high efficacy, synthetic pyrethroids appear to 
be very good insecticides' as they are effective against  

a broad spectrum of pests. Due to their lipophilic nature, 

pyrethroid insecticides are well absorbed through the 

gastrointestinal tract and respiratory tract. Good lipid 

solubility promotes distribution to lipid-rich internal 

tissues, including adipose tissue, skin, liver, kidneys, 

ovaries, and the central and peripheral nervous system. 

The liver is one of the largest organs in the body. It has 

many important metabolic functions. It transforms the 

nutrients in our diet, stores them to supply the cells with 

the necessary substances when needed. Equally 

important, it performs the main detoxification function by 

transforming, neutralizing and eliminating toxins with the 

participation of hepatocyte enzyme systems [7,20,21]. 

Taking into account the wide and widespread 

use of pyrethories, it seems reasonable to analyze the 

impact of this group of pesticides on non-target 

organisms including humans. Pyrethroids are 

metabolized in the liver and their metabolites are passed 

with urine. The 3-phenoxybenzoic acid (3-PBA) is the 

most commonly detected urinary metabolite of several 

pyrethroids [22]. The pyrethroid metabolites are 

frequently detected in urine of children and adults from 

rural and urban areas, confirming widespread exposure 

of human population to these compounds. Non-

occupational exposure occurs via ingestion with food and 

water, or contact with contaminated house dust after use 
of bednets, burning coils, pyrethroid-soaked mats, 

electrovaporizes, aerosols [23,24]. In previous studies, 

there are few reports of the influence of pyrethroids on 

the liver [25-27]. 

Nuclear transcription factor NF- ĸB (NF-κB) is  

a pleiotropic transcription factor regulating the 

expression of more than 200 genes involved in the 

regulation of various cell functions [28]. In normal cells 

without the action of an activating factor, NF-κB dimers  
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are inactive, sequestered in the cytoplasm by inhibitory 

proteins: κB inhibitor (IκBα, β or λ) and inactive 

precursors: p100 and p105. In response to numerous 

stimuli including cytokines, viruses, bacteria and other 
stress factors at the cellular level, NF-κB is rapidly 

activated by phosphorylation [29,30]. A number of NF-κB-

regulated target genes have been identified, including 

cytokinins, chemokinins, growth factors, acute phase 

proteins, immunomodulators, cell adhesion factors, cell 

stress response factors, apopototic response proteins, and 

enzymes [31]. A well-recognized function of NF-κB is the 

regulation of inflammatory responses [32]. NF-κB 

activation is a key transcription factor of macrophages M1 

and is required for the induction of a large number of 

inflammatory genes, including those encoding TNF-α, IL-

1β, IL-6, IL-12p40 and cyclooxygenase-2 [33]. NF-κB are 

present in cells in an inactive state and do not require 

new protein synthesis for activation. This allows NF-κB to 

be the first response to noxious cellular stimulation [34]. 

NF-κB are able to inhibit apoptosis and induce the 

expression of protooncogenes, as well as regulate the 

expression of various molecules favoring tumor cell 

invasion and angiogenesis [35,36].  

Vascular endothelial growth factor (VEGF) plays 

an important role in the development of blood vessels. 

They have a decisive influence on both the formation of 

capillaries from progenitor cells during embryogenesis - 

vasculogenesis, and the formation of blood vessels in 

adults - angiogenesis [37-39]. The stages of angiogenesis 

are initiated by stimulation of endothelial cells (EC) by 

angiogenic growth factors [40].  
Currently, the following factors can be included 

in the VEGF family: VEGF-A, VEGF-B, VEGF-C, VEGF-D, 

VEGF-E, VEGF-F, placental growth factor (PlGF) and 

recently qualified to this group endocrine gland-derived 

vascular endothelial growth factor (EG-VEGF) [41–43]. 

VEGF is secreted not only by endothelial cells, but also, in 

response to oxygen deficiency, by: tumor cells, 

macrophages, platelets, keratinocytes, mesangial kidney 

cells, activated T cells, leukocytes, dendritic cells, retinal 

pigment epithelial cells, retinal cells, astrocytes, 

osteoblasts, bronchial and alveolar epithelial cells, 

pericytes, vascular smooth muscle cells [41,44].  

Analyzing the above publications, NF-ĸB and 

VEGFR seem to be candidates for good and sensitive 

indicators of liver microdamages occurring at the cellular 

level due to subacute poisoning with xenobiotics.  

AIM 

The aim of the study was to investigate the effect 

of subacute poisoning with LCH on the concentration of 

NF-ĸB and VEGFR2 in the livers. 

MATERIALS AND METHODS 

The study project was accepted by The Local 

Ethical Committee in Lublin, Poland (permission Nr 

69/2015 dated 11.12.2015). The uthors had certificates 

confirming training for conduction experiments on 

animals. The experiment was conducted according to 

European law regulation at the Center for Experimental 

Medicine (CEM) at The Medical University of Lublin. 

There were standard laboratory conditions.  

A total of 32 (16 non-gravid females and 16 

males) Albino Swiss mice bred at the Center for  

Experimental Medicine at The Medical 

University of Lublin 6 weeks of age at the beginning of the 

experiment were randomly divided into 4 groups of  

8 animals: 

 females-controls-received 0.9%NaCl daily by 

gavage for 7 consecutive days, 

 males-controls- received 0.9%NaCl daily by 

gavage for 7 consecutive days, 

 females-receiving 2mg/kg LCH daily by gavage 
for 7 consecutive days, 

 males-receiving 2mg/kg LCH daily by gavage for 
7 consecutive days. 

Lambdacyhalothrin was purchased form Organic 

Chemistry Institute (Annopol 6, 03-236 Warsaw, Poland). 

It was dissolved in canola oil and administered daily by 

gavage. Canola oil "Kujawski", produced by ZT 

"Kruszwica" S.A. was used to make the suspension. Oral 

LD50 in mice 19.9 mg/kg [45]. We administered oral 

0.1LD50 to the animals for 7 consecutive days. 0.9% saline 

B.Braun (Melsungen AG, Hessen, Germany) was used. 

Animals had free access to sterile water (sterilized with 

UV) and feed for rodents purchased from Altromin 

International (Lage, Germany). The animals were bred at 

CEM and the original source of the herd was Charles River 

Laboratories (Cologne, Germany). 

On the eighth day of the experiment, the mice 

were weighed and then decapitated. No anesthetics were 

used as we wanted to eliminate the risk that they would 

affect the results of VEGFR2 and NF-ĸB. The livers were 

obtained and weighed. The livers were homogenized in 

Phosphate Buffered Saline (PBS) - a phosphate-buffered 

saline solution devoid of calcium and magnesium ions 

(PAA Laboratories GmbH, Pasching, Austria) in the 

proportion of 200 mg of homogenized liver tissue per 0.5 

ml of buffer using a mechanical homogenizer type Omni 

Th (Omni International, Kennesaw, GA, USA). The 

homogenates were centrifuged in a centrifuge (Sigma1-6P 

centrifuge, Polygen, Engelwood, NY, USA) 700 x g for 10 

minutes at room temperature. Then, after centrifugation, 
the supernatant was separated. The supernatants 

obtained in this way were divided 200 μl in eppendorf 

tubes (0.5 ml) (Medlab Products, Karlsruhe, Germany) 

and stored at -75 °C (Platinum Angelantoni 500, Massa 

Martana, Italy) until enzymatic determinations were 

performed. The concentrations of VEGFR2 and NF-ĸB 

were tested in the obtained supernatant tubes. 

The experiment used a "sandwich" version of 

the enzyme-linked immunosorbent assay (ELISA) method. 

Before beginning the determination of the concentrations 

of the test substances, the samples and ELISA kits were 

properly prepared. The determinations were performed 

using a wavelength λ = 450 nm using a BIO-RAD type 

ELISA microplate reader (Microplate Leader, Wuxi,China). 

The computer program connected to the reader, on the 

basis of the obtained absorbance of light from the wells 

with the established concentration standards, 

automatically determined the standard curves, on the 

basis of which it calculated the concentrations of the 

determined proteins in the tested samples. The obtained 

results were automatically multiplied by the appropriate 

dilution factor. The commercial ELISA kits were used: 

ELISA kit for NF-ĸB and ELISA kit for VEGFR2 (Cloud-

Clone Corp. Katy, TX, USA). 

Statistical analysis was performed with the use 

of Statistica v.13.0 (StatSoft, Cracow, Poland). Results 

were shown as mean±SD. The p value <0.05 was 
considered statistically significant. 
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RESULTS 

The results were shown in Table 1. Body mass 

on female mice on the last day of the experiment was 

significantly lower (22.53g±1.1) when compared to 

control females (25.63±1.0) (p<0.05). No such difference 

was seen in males. There was no statistically significant 

differences in liver me mass neither between controls and 

LCH females nor between controls and LCH males. There 

was a statistically significant increase in NFĸB 

concentration in the livers of female mice exposed to LCH 

when compared to control females (6.12ng/mL vs 

3.27ng/mL; p<0.05). There was no such difference in 

males. There was also a significant increase in VEGFR2 

concentration in the liver of females exposed to LCH in 

comparison to controls (173.81ng/mL vs 83.28ng/ml; 

p<0.05). 

Tab. 1 

The effect of subacute poisoning with LCH on body mass, liver mass, NF-ĸB in the livers and VEGFR2 concentrations in mice livers. 

Group 
Body mass [g] 

Mean±SD 

Liver mass [g} 

Mean±SD 

NF-±ĸB [ng/mL] 

Mean±SD 

VEGFR2 

[ng/mL] 

Mean±SD 

Control  
females 

Control males 

LCH females 

LCH males 

25.63±1.0 

27.84±1.5 

22.53±1.1* 

27.21±1.6 

1.28±0.1 

2.02±0.1 

1.33±0.1 

2.04±0.1 

3.27±0.7 

5.49±0.35 

6.12±1.5* 

5.27±0.3 

84.28±16 

170.61±25 

173.81±31* 

170.06±21 

*p<0.05 vs control females. 

DISCUSSION 

LCH is an example of an insecticide that reaches 

a compromise between efficacy and toxicity: it is effective 

against insects and was considered to be safe for humans 

[7]. It is a type II pyrethroid with high activity against  

a wide range of insects from the order Lepidoptera, 

Diptera, Hemiptera and Coleoptera. LCH has found 

widespread use in public places as well as pet and farm 

animal health applications where it effectively controls  

a wide spectrum of insects and ectoparasites including 

cockroaches, flies, ticks and lice [46,47]. 

LCH is stable at a pH below 8, while under 

alkaline conditions it hydrolyzes by the action of the 

hydroxyl ion and the result is a cyanohydrin which then 

breaks down into aldehyde and hydrogen cyanide [50]. In 

laboratory studies, the degradation of LCH in soil was 

mainly due to biodegradation, as indicated by the rapid 

loss of LCH in non-sterile soil compared to sterile soil [51. 

In living organisms LCH is metabolized hepatic 

microsomal cytochrome P450 (CYP) and carboxylesterase 

(CES) enzymes and by cytosolic CES enzymes. The 

pyrethroids also metabolized by human liver microsomes 

and cytosol [48]. At the same time liver can be damaged 
by LCH. 

The lipophilicity of LCH these compounds 

facilitates their rapid access and has a detrimental effect 

on various tissues [49,50]. Except for its primary 

neurotoxic effect it damages other organs too. Both in 

vitro and in vivo experiments with peripheral blood of 

rats have shown that LCH causes imbalances in the pro-

oxidant-antioxidant relationship in erythrocytes, and also 

changes the fluidity of the cell membrane and affects  

hemolysis [51,52]. 

In this study we focused of LCH’s hepatotoxicity. 

Other authors also investigated the subject. Aouey et al. 

tested pyrethroid hepatotoxicity in a rat model. In their 

study, adult male rats were orally exposed to 6.2 and 31.1 

mg / kg body weight LCH for 7, 30, 45 and 60 days, 
respectively. Histopathological changes and changes in 

main parameters related to oxidative stress and 

inflammatory response in the liver were assessed. 

Moreover, metabolites of LCH (CFMP, 4-OH-3 PBA and 3-

PBA) were identified in the liver tissues and then were 

quantified. Results showed that exposure to LCH 

significantly increased hepatic oxidative stress markers in 

a time-dependent and dose-dependent manner, 

accompanied by accumulation of CFMP and 3-PBA in liver 

tissues. Moreover, the expression levels of the tumor 

necrotic factor α (TNF-α) gene and the expression of 

interleukins (IL-6 and IL-1β) were significantly increased 

in the liver of the tested rats as compared to the control 

group. Taken together, this study provided new evidence 

that liver damage is likely to be caused by increased 

oxidative stress and inflammation under conditions of 

acute and subchronic exposure to LCH [52]. 

 In the study of Martinez et al. where LCH’s 

hepatotoxicity was investigated LCH at the doses of 1, 2, 4 

and 8mg/kg bw was administered orally to rats for 6days. 

It increased, in a dose-dependent manner, hepatic 

activities of ethoxyresorufin O-deethylase, 

methoxyresorufin O-demethylase, pentoxyresorufin  

O-depentylase , testosterone 7α- (CYP2A1), and lauric 

acid 11- and 12-hydroxylase. Similarly, LCH at the higher 

doses increased significantly hepatic CYP1A1, 1A2, 2A1,  

2B1, 2B2, 2E1, 3A1, 3A2 and 4A1 mRNA levels and IL-1β,  
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NFκB gene expressions [53].  

The significance of pyrethroid poisoning 

markers was clearly shown in numerous publications [54-

58]. All of them confirm widespread exposure of the 
human population to pyrethroids without significant age 

nor sex differences. Klimowska and Wilegomas described 

a new method for pyrethrid metabolites detection in the 

urine [59]. Interestingly, it was shown that the levels of 

pyrethroid metabolites were higher in city dwellers than 

in people living in rural areas [60]. Rodzaj et al. suggest 

that the widespread exposure of Polish population to 

pyrethroids is from non-dietary sources [61]. Jurewicz et 

al. provided evidence that widespread use of pyrethroids 

affects male fertility [62]. All these publications indicate 

that there is a need for good markers of pyrethroid 

toxicity in mammals. In our experiments animals were 

intended to be a model in the search for such a marker in 

humans 

The results of the study by Fetoui et al. Showed 

that the administration of LCH leads to the generation of 

oxidative stress in rat erythrocytes, which increases the 

level of reactive oxygen species (ROS), protein carbonyl 

(PCO), aldehyde malondialdehyde (MDA) and nitric oxide 

(NO) [63]. Moreover, the mutagenic effect of lambda-

cyhalothrin was investigated by means of a micronucleus 

test carried out with the use of peripheral rat blood. It 

should be emphasized that chemicals can induce the 

formation of micronuclei in dividing cells [63-65]. 

The research problem we undertake is aimed at 

deepening the detailed knowledge on the influence of LCH 

intoxication on the liver. 
In our study, we showed that after intoxication 

of female mice with LCH, there was a statistically 

significant decrease in animal body mass and an increase 

in NF-κB and VEGFR2 concentration.  

The role of VEGF in maintaining 

microcirculation in the internal organs has been 

investigated in a number of animal models. In the 

ischemia-reperfusion model of renal injury, the 

production of VEGF in the kidney is not increased, but 

there is a redistribution of already produced VEGF to the 

kidneys and increased expression of VEGFR-2 mRNA 

[66,67]. Ischemia and reperfusion lead to oxidative stress 

[68] and so does intoxication with pyrethroids [25]. There 

are reports suggesting that mesenchymal stem cells act to 

protect against organ damage in an ischemia-reperfusion 

model not through cell regeneration, but through 

paracrine mechanisms. VEGF is one of the most important 

factors in these mechanisms [69]. Studies in rats have 

demonstrated chronic renal dysfunction and  

a decrease in the number of capillaries in the renal 

glomeruli and the periurethral space associated with  

a decrease in renal VEGF expression [70]. The 

administration of VEGF in this model had a protective 

effect on the vascular endothelium and allowed the 

inhibition of the progression of renal dysfunction, as well 

as scarring of tissue damage regardless of blood pressure, 
proteinuria or macrophage infiltration [71]. 

It has been proved that VEGF transcription is 

regulated by estrogens, the secretion of which is mediated 

by stimulation of the estrogen receptor [72]. It may 

explain why in controls the level of VEGFR2 is lower than 

in control males. Intoxication with LCH produces 

Oxidative stress and disrupts the protective mechanism in 

females.  

The NF-κB can be activated by many factors. It is 

worth noting that the processes in which it is involved 

may also affect the metabolism of xenobiotics and the 

activity of liver enzymes [73,74]. NF-κB binding sites have 

been identified in the promoters of the genes of some 

xenobiotic metabolizing enzymes [75]. LCH at a dose of  

4 mg/kg body weight increased the expression of NFκB 

specific mRNA by 1.37 times [53]. In our study LCH also 

increases the level of NF-ĸB but only in females, which is 

probably connected with their sensitivity to the chemical. 

The NF-κB is a key regulator of inflammatory 

processes in the liver. It is required for hepatocyte 

survival and liver homeostasis. The functions of 

fibrogenesis-active hepatic cells and myofibroblasts are 

also regulated by NF-κB. The key role of NF-κB in 

regulating cell death, inflammation and wound healing 

makes it an important modulator of the progression of 

NF-κB liver disease and a potential link between chronic 

liver damage, fibrosis and hepatocellular carcinoma, 
which may be important in planning therapy these 

conditions and targeting this transcription factor. In 

murine models genetic ablation of NF-κB regulators leads 

to spontaneous liver damage, fibrosis and hepatocellular 

carcinoma [76,77]. 

CONCLUSION 

The NF-ĸB and VEGFR2 can be used as markers 

of liver damage after subacute poisoning with LCH on 

female mice. Females are more sensitive to LCH than 

males. 

REFERENCES 

1. Glynne-Jones, A. Pyrethrum. Pest Outlook,12(5),195–8.2001;
2. Prakash, A.; Rao, J. Botanical Pesticides in Agriculture. Boca Raton, FL, USA: CRC Press Inc; pp.480. 1997;
3. Bhat, B.K.; Pyrethrum flowers: production, chemistry, toxicology, and uses. New York: Oxford University Press; 1995;
4. Staudinger, H.; Ruzicka, L. Insektentötende Stoffe III. Konstitution des Pyrethrolons. Helvetica Chimica Acta,7(1),212–35. 1924;
5. Farnham, A.W. Genetics of resistance of pyrethroid-selected houseflies, Musca domestica L. Pesticide Science;4(4),513–20. 1973;
6. Lopez, O.; Fernandez-Bolanos, J. Green Trends in Insect Control. Cambridge, UK: Royal Society of Chemistry; 2011;
7. Bradberry, S.; Cage S.A.; Proudfoot, A.T; Vale, J.A. Poisoning due to pyrethroids. Toxicological Reviews,24. 93–106. 2005;
8. Selim, S.; Preiss, F.J.; Gabriel, K.L.; Jonkman, J,H.; Osimitz, T,G. Absorption and mass balance of piperonyl butoxide following an 8-h dermal

exposure in human volunteers. Toxicol. Lett,107(1–3),207–217.1999;
9. Casida, J.E.; Quistad, G.B. Golden age of insecticide research: past, present, or future? Annu Rev Entomol,,3:1–16.1998;
10. Naumann, K. Synthetic Pyrethroid Insecticides: Structures and Properties. Berlin Heidelberg: Springer-Verlag; 1990;
11. Soderlund, D.M.; Bloomquist, J.R. Neurotoxic actions of pyrethroid insecticides. Annu Rev Entomol,34,77–96.1989;
12. Laskowski, D.A. Physical and chemical properties of pyrethroids. Rev Environ Contam Toxicol,174,49–170.2002;



2021 Vol. 75 Issue 2 

Journal of Polish Hyperbaric Medicine and Technology Society 

 

13. Vasquez, M.E.; Gunasekara A.S; Cahill, T.M; Tjeerdema, R.S. Partitioning of etofenprox under simulated California rice-growing conditions. 
Pest Management Science,66(1),28–34.2010;

14. Wielgomas, B.; Piskunowicz, M. Biomonitoring of pyrethroid exposure among rural and urban populations in northern Poland. Chemosphere.
,93(10):2547-53.2013;

15. Verschoyle, R.D.; Aldridge, W.N. Structure-activity relationships of some pyrethroids in rats. Arch. Toxicol,45(4),325–329.1980;
16. Lawrence, L.J.; Casida, J,E. Pyrethroid toxicology: Mouse intracerebral structure-toxicity relationships. Pestic. Biochem. Physiol,18(1),9–

14.1982;
17. Gray, A,J. Pyrethroid structure-toxicity relationships in mammals. Neurotoxicology.6(2),127–37.1985;
18. Vijverberg, H,P.;, van den Bercken, J. Neurotoxicological effects and the mode of action of pyrethroid insecticides. Crit Rev Toxicol,21(2),105–

26.1990;
19. Chinn. K.; Narahashi, T. Stabilization of sodium channel states by deltamethrin in mouse neuroblastoma cells. J. Physiol,380,191–207.1986;
20. Davies, T.G.E.; Field, L.M.; Usherwood, P.N.R.; Williamson, M.S.DDT, pyrethrins, pyrethroids and insect sodium channels. IUBMB Life, 9 (3),

151–62. 2007;
21. Soderlund, D.M. Molecular mechanisms of pyrethroid insecticide neurotoxicity: recent advances. Arch Toxicol , 86(2),165-81.2012;
22. Morgan, M.K. Children's exposures to pyrethroid insecticides at home: a review of data collected in published exposure measurement studies

conducted in the United States. Int J Environ Res Public Health , 9(8):2964-85.2012;
23. Saillenfait, A.M.; Ndiaye, D.; Sabate, J.P. Pyrethroids: exposure and health effects--an update. Int J Hyg Environ Heallth , 218(3):281-92.2015;
24. Al-Omar, M.; Naz, M.; Mohammed, S.A.A.; Mansha, M.; Ansari, M.N.; Rehman, N.U.; Kamal. M.; Mohammed, H.A.; Yusuf, M.; Hamad, A.M.;

Akhtar, N.; Khan, R,A. Pyrethroid-Induced Organ Toxicity and Anti-Oxidant-Supplemented Amelioration of Toxicity and Organ Damage: The
Protective Roles of Ascorbic Acid and α-Tocopherol. Int J Environ Res Public Health ,17(17):6177.2020;

25. Nieradko-Iwanicka, B.; Borzęcki, A. Subacute poisoning of mice with deltamethrin produces memory impairment, reduced locomotor activity,
liver damage and changes in blood morphology in the mechanism of oxidative stress.  Pharmacol Rep , 67 (3): 535-541.2015;

26. Han. B.; Lv, Z.; Zhang, X.; Lv, Y.; Li, S.; Wu, P.; Yang, Q.; Li, J.; Qu, B, Zhang Z. Deltamethrin induces liver fibrosis in quails via activation of the
TGF-β1/Smad signaling pathway. Environ Pollut , 259:113870. 2020;

27. Aouey, B.; Derbali, M.; Chtourou, Y.; Bouchard, M.; Khabir, A.; Fetoui, H. Pyrethroid insecticide lambda-cyhalothrin and its metabolites induce 
liver injury through the activation of oxidative stress and proinflammatory gene expression in rats following acute and subchronic exposure.
Environ Sci Pollut Res Int , 24(6):5841-5856. 2017;

28. Li, Q.; Verma, I.M. NF-kappaB regulation in the immune system. Nat Rev Immunol,;2(10,:725–34.2002;
29. Hayden, M.S.; Ghosh, S. Signaling to NF-kappaB. Genes Dev,18(18),2195–224.2004;
30. Perkins, N,D. Integrating cell-signalling pathways with NF-kappaB and IKK function. Nat Rev Mol Cell Biol.,;8(1),49–62.2007;
31. Kumar, A.; Takada, Y.; Boriek, A.M; Aggarwal, B.B. Nuclear factor-kappaB: its role in health and disease. J Mol Med (Berl),82(7),434–48.2004;
32. Liu, T.; Zhang, L.; Joo, D.; Sun, S-C. NF-κB signaling in inflammation. Signal Transduct. Target. Ther,2,17023.2017;
33. Wang, N.; Liang, H.; Zen, K. Molecular mechanisms that influence the macrophage m1-m2 polarization balance. Front Immunol,5,614.2004; 
34. Lawrence, T. The Nuclear Factor NF-κB Pathway in Inflammation. Cold Spring Harb. Perspect. Biol,;1(6). Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2882124/.(cited on April1,2021). 2009;
35. Pahl, H.L. Activators and target genes of Rel/NF-kappaB transcription factors. Oncogen,,18(49),6853–66.1999;
36. Bharti, A.C.; Aggarwal, B,B. Nuclear factor-kappa B and cancer: its role in prevention and therapy. Biochem Pharmacol,64(5–6),883–8.2002;
37. Schwabe, R.F.; Seki, E.; Brenner, D,A. Toll-like receptor signaling in the liver. Gastroenterology,130(6),1886–900.2006;
38. Olsson, A-K.; Dimberg, A.; Kreuger, J.; Claesson-Welsh, L. VEGF receptor signalling - in control of vascular function. Nat Rev Mol Cell

Biol,7(5),359–71.2006;
39. Semenza, G.L. Vasculogenesis, angiogenesis, and arteriogenesis: mechanisms of blood vessel formation and remodeling. J Cell 

Biochem,102(4),840–7.2007;
40. Moreira, I.S.; Fernandes, P.A.; Ramos, M.J. Vascular endothelial growth factor (VEGF) inhibition--a critical review. Anticancer Agents Med.

Chem,7(2),223–245.2007;
41. Duffy, A.M.; Bouchier-Hayes, D.J.; Harmey, J.H. Vascular Endothelial Growth Factor (VEGF) and Its Role in Non-Endothelial Cells: Autocrine 

Signalling by VEGF [Internet]. Landes Bioscience; [cited on 13 Feb 2021]. Available online: https://www.ncbi.nlm.nih.gov/books/NBK6482/2013;
42. Tjwa, M.; Luttun, A.; Autiero, M.; Carmeliet, P. VEGF and PlGF: two pleiotropic growth factors with distinct roles in development and

homeostasis. Cell Tissue Res,314(1),5–14.2003;
43. Yamazaki, Y.; Morita, T. Molecular and functional diversity of vascular endothelial growth factors. Mol Divers,10(4),515–27.2006;
44. Melincovici, C.S.; Boşca, A.B.; Şuşman, S.; Mărginean, M.; Mihu, C.; Istrate, M. Vascular endothelial growth factor (VEGF) - key factor in

normal and pathological angiogenesis. Rom J Morphol Embryol,59(2),455–67.2018;
45. Elhalwagy, M.E.; Abd-Alrahman, S.H.; Nahas, A.A.; Ziada, R.M.; Mohamady, A.H. Hepatopancreatic intoxication of

lambda cyhalothrin insecticide on albino rats. Int J Clin Exp Med, 8(5),7297-305. 2015;
46. Kroeger, A.; Villegas, E.; Ordoñez-González, J.; Pabon, E.; Scorza, J.V. Prevention of the transmission of Chagas’ disease with pyrethroid-

impregnated materials. Am J Trop Med Hyg,68(3),307–11.2003;
47. Anadón, A.; Martínez, M.A; Martínez, M.; Castellano, V.; Ares, I.; Romero, A. Differential induction of cytochrome P450 isoforms and 

peroxisomal proliferation by cyfluthrin in male Wistar rats. Toxicol Lett,;220(2),135–42.2013;
48. Hedges, L.; Brown, S.; MacLeod, A.K.;, Moreau, M.;, Yoon, M.; Creek, M.R.; Osimitz, T.G.; Lake, B.G. Metabolism of bifenthrin, β-cyfluthrin, λ-

cyhalothrin, cyphenothrin and esfenvalerate by rat and human cytochrome P450 and carboxylesterase enzymes. Xenobiotica,50(12),1434-
1442.2020;

49. Fetoui, H.; Garoui, E.M,; Zeghal, N. Lambda-cyhalothrin-induced biochemical and histopathological changes in the liver of rats: ameliorative
effect of ascorbic acid. Exp Toxicol Pathol,61(3),189–96.2009.;

50. Fetoui, H.; Makni, M.; Garoui , E.M; Zeghal, N. Toxic effects of lambda-cyhalothrin, a synthetic pyrethroid pesticide, on the rat kidney:
Involvement of oxidative stress and protective role of ascorbic acid. Exp Toxicol Pathol,62(6),593–9.2010;

51. Fetoui. H.; Garoui, E.M.; Makni-Ayadi, F.; Zeghal , N. Oxidative stress induced by lambda-cyhalothrin (LTC) in rat erythrocytes and brain:
Attenuation by vitamin C. Environ Toxicol Pharmacol, 26(2),225–31.2008;

52. Abdallah, F.B.; Fetoui, H.; Fakhfakh, F.; Keskes, L. Caffeic acid and quercetin protect erythrocytes against the oxidative stress and the
genotoxic effects of lambda-cyhalothrin in vitro. Hum Exp Toxicol.,31(1),92–100.2012;

53. Aouey. B.; Derbali, M.; Chtourou, Y.; Bouchard, M.; Khabir, A.; Fetoui, H. Pyrethroid insecticide lambda-cyhalothrin and its metabolites induce 
liver injury through the activation of oxidative stress and proinflammatory gene expression in rats following acute and subchronic exposure.
Environ Sci Pollut Res Int, 24(6),5841–56.2017;

54. Martínez, M.A.; Ares, I.; Rodríguez, J.L.; Martínez,M.; Roura-Martínez, D.; Castellano, V.; Lopez-Torres, B.; Martínez-Larrañaga, M.R.; Anadón,
A. Pyrethroid insecticide lambda-cyhalothrin induces hepatic cytochrome P450 enzymes, oxidative stress and apoptosis in rats. Sci Total 
Environ ,631: 1371–1382.2018;

55. Klimowska, A.; Amenda, K.; Rodzaj, W.; Wileńska, M.; Jurewicz, J.; Wielgomas, B. Evaluation of 1-year urinary excretion of eight metabolites of
synthetic pyrethroids, chlorpyrifos, and neonicotinoids. Environ Int,145:106119. 2020;

56. Radwan, M.; Jurewicz, J.; Wielgomas, B.; Piskunowicz, M.; Sobala, W.; Radwan, P.; Jakubowski, L.; Hawuł,a W.; Hankme W. The association 
between environmental exposure to pyrethroids and sperm aneuploidy. Chemosphere,128:42-8. 2015;

57. Dziewirska, E.; Radwanm M.; Wielgomas, B.; Klimowska, A.; Radwan, P.; Kałużny, P.; Hanke, W.; Słodki, M.; Jurewicz, J. Human Semen
Quality, Sperm DNA Damage, and the Level of Urinary Concentrations of 1N and TCPY, the Biomarkers of Nonpersistent Insecticides. Am J
Mens Health,13(1):1557988318816598. 2019;

58. Radwan, M.; Jurewicz, J.; Wielgomas, B.; Sobala, W.; Piskunowicz, M.; Radwan, P.; Hanke, W. Semen quality and the level of reproductive
hormones after environmental exposure to pyrethroids. J Occup Environ Med,56(11):1113-9. 2014;

59. Wielgomas, B.; Nahorski, W.; Czarnowski, W. Urinary concentrations of pyrethroid metabolites in the convenience sample of an urban
population of Northern Poland. Int J Hyg Environ Health, 216(3):295-300. 2013;

60. Klimowska, A.; Wielgomas, B. Off-line microextraction by packed sorbent combined with on solid support derivatization and GC-MS: Application 
for the analysis of five pyrethroid metabolites in urine samples. Talanta,176:165-171.2018;

61. Wielgomas, B.; Piskunowicz, M. Biomonitoring of pyrethroid exposure among rural and urban populations in northern Poland.
Chemosphere,93(10):2547-53.2013;



Polish Hyperbaric Research 

 

62. Rodzaj, W.; Wileńska, M.; Klimowska, A.; Dziewirska, E.; Jurewicz, J.; Walczak-Jędrzejowska, R.; Słowikowska-Hilczer, J.; Hanke,
W.; Wielgomas, B. Concentrations of urinary biomarkers and predictors of exposure to pyrethroid insecticides in young, Polish, urban-dwelling 
men. Sci Total Environ,773:145666.2021;

63. Jurewicz, J.; Radwan, M.; Wielgomas, B.; Sobala, W.; Piskunowicz, M.; Radwan, P.; Bochenek, M.; Hanke, W. The effect of environmental
exposure to pyrethroids and DNA damage in human sperm. Syst Biol Reprod Med,61(1):37-43.2015;

64. Fetoui, H.; Feki, A.; Salah, G.B.; Kamoun, H.; Fakhfakh, F.; Gdoura, R. Exposure to lambda-cyhalothrin, a synthetic pyrethroid, increases
reactive oxygen species production and induces genotoxicity in rat peripheral blood. Toxicol Ind Health, 31(5),433–41.2015;

65. Al-Sabti, K.; Metcalfe, C.D. Fish micronuclei for assessing genotoxicity in water. Mutat. Res,343(2–3),121–135.1995;
66. Kirsch-Volders, M.; Vanhauwaert, A.; De Boeck, M.; Decordier, I. Importance of detecting numerical versus structural chromosome aberrations. 

Mutat. Res,504(1–2),137–148.2002;
67. Kanellis, J.; Mudge, .SJ.; Fraser, S.; Katerelos, M.; Power, D.A. Redistribution of cytoplasmic VEGF to the basolateral aspect of renal tubular

cells in ischemia-reperfusion injury. Kidney Int ,57, 2445–2456.2000;
68. Kanellis, J.; Paizis, K.; Cox, A.J.; Stacker, S.A.; Gilbert, R.E.; Cooper, M,E,; Power, D.A. Renal ischemia-reperfusion increases endothelial

VEGFR-2 without increasing VEGF or VEGFR-1 expression. Kidney Int ,61, 1696–1706.2002;
69. Aboutaleb, N.; Jamali, H.; Abolhasani, M.; Pazoki,H.; Toroudi, H. Lavender oil (Lavandula angustifolia) attenuates renal ischemia/reperfusion 

injury in rats through suppression of inflammation, oxidative stress and apoptosis. Biomed Pharmacother ,110,9-19. 2019;
70. Tögel, F.; Weiss, K.; Yang, Y.; Hu, Z.; Zhang, P.; Westenfelder, C. Vasculotropic, paracrine actions of infused mesenchymal stem cells are 

important to the recovery from acute kidney injury. Am J Physiol-Ren Physiol ,292,F1626–1635.2007;
71. Kang, D.H.; Hughes, J.; Mazzali, M.; Schreiner, G.F.; Johnson, R.J. Impaired angiogenesis in the remnant kidney model: II. Vascular endothelial

growth factor administration reduces renal fibrosis and stabilizes renal function. J Am Soc Nephrol JASN ,12, 1448–1457.2001;
72. Kang, D.H.; Joly, A.H.; Oh, S.W.; Hugo, C.; Kerjaschki, D.; Gordon, K.L.; Mazzal, M.; Jefferson, J.A.; Hughes, J.; Madsen, K.M.; Schreiner, 

G.F.; Johnson, R.J. Impaired angiogenesis in the remnant kidney model: I. Potential role of vascular endothelial growth factor and 
thrombospondin-1. J Am Soc Nephrol JASN ,12, 1434–1447.2001;

73. Hyder, S.M.; Nawaz, Z.; Chiappetta, C.; Stancel, G.M. Identification of functional estrogen response elements in the gene coding for the potent
angiogenic factor vascular endothelial growth factor. Cancer Res ,60, 3183–3190.2000;

74. Aitken, A.E.; Richardson, T,A.; Morgan, E,T. Regulation of drug-metabolizing enzymes and transporters in inflammation. Annu Rev Pharmacol
Toxicol ,46, 123–149.2006;

75. Morgan, E.T. Regulation of cytochrome p450 by inflammatory mediators: why and how? Drug Metab Dispos Biol Fate Chem ,29, 207–
212.2001;

76. Morgan, E.T.; Li-Masters, T.; Cheng, P.Y. Mechanisms of cytochrome P450 regulation by inflammatory mediators. Toxicology ,181–182, 207–
210.2002;

77. Luedde, T.; Schwabe, R.F. NF-κB in the liver--linking injury, fibrosis and hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol,8(2),108–
118. 2011;

prof. dr hab. n. med. Barbara Nieradko-Iwanicka 
Katedra i Zakład Higieny i Epidemiologii, Uniwersytet Medyczny w Lublinie 

ul. Chodżki 7, 20-093 Lublin 
e-mail:barbara.nieradko-iwanicka@umlub.pl 




