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Abstract

The effects of Quick (0.5% malathion) and Licid (0.6% tetramethrin with 2.4% piperonyl butoxide) lotions, and Newcid 
shampoo (1% permethrin) applied on the whole-body of male mice was investigated. Newcid and Licid treatments induced 
signs of toxicity characterized by tremor, salivation and diarrhea, while Quick lotion produced signs of intoxication charac-
terized by nausea, vomiting, seizures, convulsions, salivation and lacrimation. Quick treatment significantly inhibited brain 
Acetylcholinesterase (AChE), liver Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT), and serum ALT, 
while brain Gamma Aminobutyric Acid (GABA) level and liver ATPase activity significantly increased. Licid-treated mice 
showed marked inhibition in brain AChE, serum ALT, and liver AST and ALT, whereas significant increases in the activities of 
serum AST and liver AT Pase were recorded. Also, Newcid significantly decreased ALT activities in serum and liver, and the 
levels of GABA and glutamic acid in brain, while liver ATPase activity significantly increased compared to control values. The 
tested pediculicides decreased liver Acid Phosphatase (ACP) activity by 5-12%, while liver Carboxylesterase (CarE) activ-
ity decreased by 6 and 13% when mice treated with Newcid and Licid, respectively. In conclusion, the alteration of some 
biomarkers from the control values denotes biochemical impairment and reflect the side effects of lotions and shampoos 
based-pesticides to mice. Since there are similarities between different vertebrate groups, disorders observed in mice may 
indicate risks to children. More studies are necessary to evaluate the risks of these pediculicides to children.
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Introduction

Head lice (Pediculus humanus capitis) are considered as the 
most prevalent parasitic infestation of humans in the devel-
oped and developing countries, where the parasitic insects 
live on the scalp and neck hairs of humans and feed on human 
blood, causing social distress, discomfort, anxiety, and embar-
rassment [1,2]. The most likely targets for invasion by head 
lice are kindergarten and school-aged children between 3 and 
11 years and occur commonly each year in all socioeconomic 
statuses [3-5]. In the United States, each year about 6-12 mil-
lion kids lose their lost school days due to the infestation of 
head lice and treatment costs of more than US 500 million/
year [6]. There are many products on the markets formulat-
ed as creams, shampoos or lotions based- insecticides and 
acaricides with different pharmacological mode of actions to 
control ectoparasites on humans such as lice and mites. The 
proper application of these products must be emphasized to 

ensure that the treatment is effective with avoiding reinfesta-
tion with head lice and spreading it by contact to close people 
[7]. Pyrethroids and lindane which are used for non-ovicidal 
therapies, require 2-3 treatments to control lice, while mal-
athion which is used for ovicidal therapy, requires 1-2 treat-
ments [8]. Pediculicides used to control head lice on humans 
should be regulated and approved by the national health au-
thority for this specific use, and it should be applied according 
to the manufacturer’s instructions [9], to achieve successful 
treatment sufficient quantity to wet all the hair [10].
Permethrin and tetramethrin belong to type I synthetic pyre-
throids which lack α-cyano moiety [11], that are extensively 
used in public health, and veterinary applications [12] as well 
as play a vital role in personal care products such as shampoo 
and mosquito-repellent perfume [13]. Permethrin 1% is still 
the first line treatment of head lice [14]. Although pyrethroids 
are classified as safe insecticides, several of which were found 
to induce neurotoxicity, where they affect the mammalian 
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central nervous system [15]. Moreover, pyrethroids interact 
with sodium channels and inhibit its reactivation, increase 
depolarization of the neuron and affect the release of neu-
rotransmitters [16-20]. Concluded that pyrethroids produce 
adverse impacts on neurodevelopment which are likely to 
occur at exposure levels in the general population, and the 
implementation to protect vulnerable population groups such 
as pregnant women and children is warranted.
Malathion belongs to Organophosphorus Insecticides (OPs) 
that is extensively used through the whole world, especially in 
developing countries to control or eradicate disease-inducing 
arthropods targeted by public health programs, animal ecto-
parasites, head lice in humans, and household insects [21-23]. 
The use of OPs has increased considerably due to their low 
toxicity with low persistence in the mammalian system com-
pared to organochlorine pesticides [24,25]. OPs, in addition 
to their intended effects like control of insects or other pests, 
are often found even to affect non-target organisms includ-
ing humans [26]. It is well known that OPs exert their toxicity 
through inhibition of Acetylcholinesterase (AChE), which leads 
to the Accumulation of Acetylcholine (ACh) and the subse-
quent activation of cholinergic muscarinic and nicotinic recep-
tors [27,28]. Also, OPs are known to exert several toxicological 
effects such as delayed neurotoxicity and/or polyneuropathy 
as a result of inhibition of neuropathy target esterases [29]. 
The instructions for using pediculicides should be periodically 
tested to document to prove the levels of lice resistant to the 
active ingredients of these pediculicides and to the formulat-
ed products [9]. Alternative topical pediculicides including for-
mulations containing malathion and benzyl alcohol are avail-
able now, but resistance still makes anxiety [30].
Many parents often repeatedly and prophylactically apply pe-
diculicides to their children without realizing the hazardous 
effect of their misuse or overuse. Many factors such as the 
activity of ovicide, its toxicity, and coasts affect the selecting 
of a pediculicide. Close attention must be given to the safety 
of children, and parents and caregivers often require educa-
tion regarding proper application of such products to avoid 
toxicity and ensure treatment success [7]. Unfortunately, 
shampoo and lotion based-pesticides have been associated 
with childhood acute leukemia [31], neurotoxicity [32] and 
mutation [33]. In view of the increasing hazard posed by com-
mercially available lotions and shampoos based-pesticides to 
children used to control lice and nits in children. The present 
study aimed to investigate the effect of lotion and shampoo 
formulations which have been successfully commercialized 
in public health in Egypt to control lice and nits on children 
namely, Newcid shampoo (1% permethrin), and Licid (0.6% 
tetramethrin and 2.4% piperonyl butoxide) and Quick (0.5% 
malathion) lotions on the activities of Acetylcholinesterase 
(AChE), Aspartate Aminotransferase (AST) and Alanine Ami-
notransferase (ALT), Adenosine Triphosphatase (ATPase), Acid 
Phosphatase (ACP) and Carboxylesterase (CarE) as well as the 
levels of Gamma Aminobutyric Acid (GABA) and glutamic acid 

in different organs of male mice following whole body hair 
treatment as biomarkers of toxicity.

Materials and Methods

Chemicals
The tested lotion and shampoo formulations were pur-
chased from a pharmacy located in Alexandria city, Egypt. 
Newcid shampoo containing 1% permethrin (3-phenoxy-
benzyl (1RS)-cis-trans-3- (2,2-dichlorovinyl) -2,2-dimethyl 
cyclopropanecarboxylate), Licid lotion containing 0.6% tet-
ramethrin (cyclo-1-ene-1,2- dicaroximidomethyl-2,2-dimeth-
yl-3- (2-methylprop-1-enyl) cyclopropanecarboxylate) and 
2.40% of the synergist piperonyl butoxide (5- [2- (2- butoxy-
ethoxy) ethoxymethyl] -6-propyl -1,3-benzodioxole), and 
Quick lotion containing 0.5% malathion (diethyl (dimethoxy 
thiophosphorylthio) succinate) manufactured by Chemical In-
dustries Development, Miser Company for Pharmaceutical In-
dustries, and Arab Drug Company, Egypt, respectively. Acetyl-
thiocholine iodide and 5,5`-dithiobis (2-nitrobenzoic acid) 
were purchased from Sigma Chemical Company, while sodium 
p-nitrophenyl phosphate, p-nitrophenyl butyrate, Gamma 
Aminobutyric Acid (GABA), glutamic acid, and Adenosine Tri-
phosphat (ATP) were obtained from BDH Chemical Company. 
Kits used for the determination of Aspartate Aminotransfer-
ase (AST) and Alanine Aminotransferase (ALT) activities were 
purchased from Scalvo Diagnostics Kit (Italy). Other chemicals 
used in the present study were of the highest grade commer-
cially available.

Animal care, treatment, and enzyme assays
The housing of the male Swiss Albino mice (Mus musculus), 
handling, breeding and bioassay were conducted with the 
guidelines of the Institutional Animal Care and Use Committee 
(IACUC), Alexandria University, Egypt. Mice weighing 25.0±3.0 
g (two months old) were obtained from the High Institute 
of Public Health, University of Alexandria, Egypt. The ani-
mals were randomly divided into 4 groups (5 mice each) and 
housed in stainless steel cages, kept under laboratory condi-
tions (25±2 ºC, 50-70% humidity and 12h light: 12h dark cycle) 
for one week prior to the beginning of the experiments with 
free access to tap water and standard mice chow ad labium. 
The first three groups were treated with Newcid, Licid and 
Quick. The application of the formulations was done according 
to the manufacturer's instructions, where the lotion or sham-
poo was applied to saturate the hair on the whole body, left 
for 1 hr, and then washed off with tap water. The application 
was repeated after three days; then mice were sacrificed 24 
hrs after the last treatment. Mice in the fourth group were 
treated with tap water and kept as control. r. Symptoms of 
toxicity in the treated groups were recorded. Blood was ob-
tained from a cardiac puncture of each animal using a syringe, 
transferred into non-heparinized tubes, and then centrifuged 
for at 3,000 xg for 10 min and 4oC in a HS-21 (MSE) centrifuge. 
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Serum was withdrawn and for the determination of biochemi-
cal parameters. Animals in each group were sacrificed by de-
capitation, then liver and brain were quickly removed, sepa-
rately weighed and homogenized in ice cold saline solution 
(10% w/v) using polytron Homogenizer (Tekmar tissumizer). 
The homogenates were centrifuged at 10,000xg for 20 min at 
4 °C using HS-21 (MSE) cooling centrifuge and the supernatant 
(microsomal plus soluble factions) was used for assaying the 
biochemical parameters. Brain Acetylcholinesterase (AChE) 
was assayed by the method of [34] using acetylthiocholine 
iodide as a substrate and the activity was expressed as acetyl-
thiocholine hydrolyzed/min/mg protein, while γ-GABA and 
glutamic acid levels in brain were measured using the chro-
matographic method [35] and the levels were expressed as 
µg/mg wet tissue. Liver Adenosine Triphosphatase (ATPase) 
was determined using adenosine triphosphate as a substrate 
and the specific activity was expressed as µmole of inorganic 
phosphate produced/min/mg [36]. The activities of amino-
transferases (Aspartate Aminotransferase, AST and Alanine 
Aminotransferase, ALT) in serum and liver were assayed as de-
scribed by the commercial assay kits using the method of [37] 
and their activities were expressed as unit/mg protein. The ac-
tivities of Carboxylesterase (CarE) and acid phosphatase (ACP) 
in livers were determined using p-nitrophenyl butyrate and 
p-nitrophenyl phosphate as the substrates according to the 
methods of [38,39], and activities were expressed as nmole 
and µmole of p-nitrophenol produced/min/mg protein, re-
spectively. Protein contents in serum and supernatants were 
measured using bovine serum albumin as the standard [40]. 

Statistical analysis 
Data were calculated as mean±Standard Deviation (SD) ana-
lyzed using Analysis Of Variance (ANOVA) and Least Signifi-
cant Difference (LSD) multiple comparison tests were used to 
compare between treatments at level of 0.05 (p< 0.05). Tukey 
posthoc test was adopted to ascertain the significant differ-
ences. The statistical package of Costat Program was used for 
all chemometric calculations [41].

Results and Discussion

There are many antilice formulations that are successfully 
commercialized for the control of lice and nits in the local 
market of Egypt. Treatment of pediculosis relies widely on the 
use of topical insecticides, with a neurotoxic mode of action, 
such as topical pyrethroids or malathion [42]. Currently 3 pes-
ticides namely, permethrin, tetramethrin and malathion are 
available by prescription and used in numerous formulations. 
Permethrin and tetramethrin belong to synthetic pyrethroids 
and formulated as shampoo and lotion, respectively, while 
malathion is an OP and formulated as lotion. The neurotoxicity 
and biochemical effects of Newcid shampoo (1% permethrin), 
Licid lotion (0.6% tetramethrin with 2.4% piperonyl butoxide) 
and Quick lotion (0.5% malathion) on male mice were inves-
tigated.

Signs of toxicity
During the study period, there was no mortality in any treated 

group. Newcid and Licid treatments induced signs of toxicity 
characterized by tremors, salivation and diarrhea and Licid 
was more potent for inducing these signs. The co-adminis-
tration of pyrethroids with piperonyl butoxide increased the 
insecticidal efficacy as well as toxicity, where the LD50 value 
decreased [43]. The present results are in parallel with many 
investigators who reported that the exposure to non a-cyano 
pyrethroids such as permethrin and tetramethrin induced clin-
ical signs of toxicity in mammals such as whole-body tremor 
(T syndrome), hyperactivity, loss control of bodily movements, 
paraesthesia, spasms, and paralysis [44-46]. In addition, per-
methrin (1% cream rinse) induced signs of intoxication char-
acterized by burning, tingling, numbness, and erythema [47].
In the present study, mice treated with Quick lotion (0.5% 
malathion) produced signs of intoxication due to inhibition of 
AChE and accumulation of ACh resulted in cholinergic symp-
toms characterized by nausea, vomiting, seizures, convulsions, 
salivation and lacrimation [27,28]. No lethality was observed 
during this study and treated animals were completely recov-
ered from the intoxication after 3-4 hrs in case of Newcid and 
Licid treatments and 6 hrs after Quick treatment because body 
can rapidly metabolize permethrin, tetramethrin, and mala-
thion to water-soluble metabolites and excreted in urine [48]. 
Permethrin and tetramethrin are relatively more quicker than 
malathion to be metabolized in the body by enzymes that are 
not substantially present in insects with minimal percutane-
ous absorption and favourable safety profiles, so they are con-
sidered to be less toxic to humans [47-50). On the contrary, 
malathion used in lice treatments, which is potentially more 
potent, may present more chance for toxicological effects on 
humans [51].

Biochemical effects of pediculicides
Effect on brain AChE
AChE is an enzyme that breaks down the neurotransmitter 
ACh at the synaptic cleft so that the subsequent nerve impulse 
can be transmitted across the synaptic gap [52], and the in-
hibition of this enzyme can be used as a biological marker of 
OPs and carbamate poisonings [53]. Data presented in Table 
1 point out that whole brain AChE activities were significantly 
inhibited by 33 and 21% of control value after Quick and Licid 
lotions treatments, respectively, while the brain AChE activity 
in mice treated with Newcid non-significantly changed from 
control value. Quick contains malathion, which acts as anti-
AChE [24] and has been linked to the dysfunction of several 
organ systems [23,28]. The inhibition of AChE in mice previ-
ously treated with Quick indicates that malathion found in 
this formula penetrated the skin of treated mice and reached 
the brain and consequently neurotransmission was disturbed 
leading to a number of neurological disorders such as paraly-
sis and eventual death [54]. Also, Licid was found to inhibit 
AChE although it is not the main target of pyrethroids because 
the formula of Licid contains PB (2.40%) besides tetramethrin, 
and the methylenedioxyphenyl ring in the structure of PB is 
documented to act as anti-esterases [55] and may cause car-
cinogenic and teratogenic effects in mammals [56,57]. On 
the other hand, some pyrethroids such as deltamethrin were 
found to induce a remarkable increase in the activity of AChE 
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in various brain regions of rats [58,59], while others such as al-
lethrin and cyhalothrin had no effect on cortex, hippocampus 
and striatum AChE activities in rat [60].
The high degree of efficiency of formulae containing mala-
thion and used against head lice has been attributed to the 
presence of malathion 0.5%, as well as a high concentration of 
isopropyl alcohol (78%) and terpineol (12%) [61], where this 
alcohol can penetrate the insect cuticle results in denaturation 
of proteins in eggs and adults and dehydrate eggs [4], while 
terpineol has ovicidal and pediculicidal activity [62] and acts 
by affecting AChE and octopamine receptors, causing neuro-
nal hyperactivity and death in insects [63,64]. However, when 
0.5% of malathion was applied to the scalp of volunteers, it is 
absorbed and rapidly metabolized by tissue A-esterases and 
Carboxylesterases (CarEs) to inactive metabolites (monocar-
boxylic and dicarboxylic acid derivatives of malathion) that 
are subsequently excreted in the urine [65,66,48], and the ad-
ministered doses were not sufficient to induce the inhibition 
of AChE activity [67]. Only with overwhelming doses of mala-
thion, liver metabolizes malathion to the active metabolite, 
malaoxon [65], which is good inhibitor for AChE [24].

Effect on GABA and glutamate neurotransmitters
Glutamic acid and GABA are neurotransmitters that mediate 
the excitatory and inhibitory transmission in the CNS of verte-
brates and invertebrates, respectively [68-70]. Also, glutamate 
plays an important role in the induction of hippocampal long-
term potentiation, a phenomenon considered to underlie the 
neurochemical basis of learning and memory [71]. Data in Ta-
ble 1 show that Quick lotion treatment significantly increased 
the level of GABA in the whole brain by 69% compared to 
untreated mice, with non-significant changes in glutamic acid 
levels. The disruption of the balance between glutamic acid 
and GABA by Quick containing malathion, noted in the pres-
ent study, may preferentially affect sodium channels on GAB-
Aergic, thereby increasing the release of GABA and in turn de-
creasing the release of glutamate. On the other hand, Newcid 
treatment inhibited the release of GABA and glutamic acid lev-
els of mice brain by 23 and 17%, respectively, while Licid treat-
ment produced nonsignificant reduction either in the levels of 
GABA or glutamic acid of mice brain, where the percentages 
of reduction were 8 and 10, respectively. It was documented 
that pyrethroids act on GABA-gated chloride channels [72]. 
The present results are in parallel with the results of [73] who 
reported that deltamethrin induced decreases and increases 
in GABA and glutamate release, respectively. The reduction in 
GABA levels obtained in the present study after Newcid ap-
plication may be due to the inhibition of glutamic acid decar-
boxylase following the local formation of 2 keto-4-pentenoic 
acid [74]. The enzymes involved in the conversion of 2 keto-
4-pentenoic acids are widely distributed within the brain [75]. 
In general, the imbalance between GABA and glutamate is 
linked with some neurodevelopmental disorders [75-78].

Effect on transaminases 
Transaminases (AST and ALT) are the most imperative, sensi-
tive and specific marker of liver function [54] and have an im-
portant role in the biological processes that catalyze the trans-

ferring of amino groups from amino acids to oxo-acids. They 
are responsible for detoxification processes and biosynthesis 
of energetic macromolecules for different essential functions 
[79]. AST and ALT are common markers of liver injury, where 
the determination of activities in serum are used as a routine 
tool in the diagnosis of diseases [80]. Data illustrated in Table 
2 show that Licid treatment was more potent to increase se-
rum AST (157% of control animals) followed by Quick treat-
ment (136% of control) and then Newcid treatment (111% 
of control), while all the tested pediculicides inhibited serum 
ALT by 31-34%. Regarding the transaminases in livers, data in 
Table 2 illustrate that the activities of AST decreased by 31, 
34, and 32%, while ALT activities decreased by 22, 31 and 28% 
when mice treated with Newcid, Licid, and Quick, respectively. 
When the liver cell membrane is damaged, several enzymes 
such as AST and ALT located in the hepatocyte cytosol are se-
creted into the blood [81], so they can be used as markers of 
liver damage [82]. It has been shown that OPs can elevate the 
enzymatic activities of ALT and AST [83-85]. Therefore, the dis-
ruption of transaminases from the normal value denotes bio-
chemical deterioration, and injury of tissues because they are 
connected with the detoxification process, metabolism, and 
biosynthesis of active macromolecules for various necessary 
roles [86]. Also, the increased level of serum AST may be due 
to increased permeability of the cell membrane or due to cell 
necrosis and tissue damage.

Effect on ATPase
ATPase is an essential enzyme found in all tissues to hydrolyze 
phosphate bonds in ATP molecules to form Adenosine Diphos-
phate (ADP) to release energy [87]. It has essential roles in 
conserving energy, preventing the cell from swelling, keeping 
neurons in activity or resting state, transporting the active 
metabolites, and keeping pH homeostasis [88]. Therefore, the 
present study aimed to measure the ATPase activity follow-
ing treatment with the tested pediculicides, which reflects the 
consumed energy used in the cell [89]. The in vivo effect of the 
tested pediculicides on some hepatic enzymes in treated and 
untreated mice are recorded in Table 3. Liver ATPase activi-
ties were significantly increased in mice treated with all treat-
ments by 3.11, 2.74, and 1.32-fold control following treatment 
of mice with Newcid, Licid, and Quick, respectively. The eleva-
tion of ATPase activity was recorded after treatment with py-
rethroids [90] and OPs [91]. It was documented that Na+ and 
K+ gradients are related to the secondary transport facilita-
tion for sugar, neurotransmitters, and metabolites; therefore, 
ATPase is indirectly responsible for the demand of glycogen 
to glucose conversion. Therefore, malathion, permethrin and 
tetramethrin found in these commercial pediculicides, like 
several other insecticides, adversely affect the mitochondrial 
membrane transport system of hepatocytes [82]. However, 
several pyrethroids were found to inhibit various ATPases [44] 
causing non-specific responses such as hepatic and/or renal 
changes [92,93] associated with neuronal damage caused 
by generation of excessive reactive oxygen species [94], and 
defect in mitochondrial bioenergetics, which is commonly ob-
served in neurodegenerative diseases [95].
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Effect on ACP
ACP is the lysosomal enzyme playing an important role in ca-
tabolism, pathological necrosis, autolysis, phagocytosis, diges-
tion, ion transport, and carbohydrate metabolism [96-99]. Its 
general reaction mechanism involves hydrolysis of ester phos-
phate linkages of organophosphate compounds, resulting in 
the release of inorganic phosphate [100]. Therefore, the cellu-
lar membrane damage has been evaluated by measuring the 
activity of ACP in mice treated with the tested pediculicides. 
It was found that Licid non-significantly reduced liver ACP ac-
tivity of mice by 5%, whereas Newcid and Quick significantly 
reduced liver ACP activity of mice by 7 and 12% of control, 

Amino acid concentrations2

Treatments AChE1 GABA glutamic acid
Control 0.242±0.04a 0.062±0.01b 0.503±0.06a

Newcid 0.244±0.04a 0.048±0.01c 0.420±0.04b

Licid 0.191±0.01b 0.057±0.03b 0.452±0.04b

Quick 0.163±0.04c 0.104±0.02a 0.494±0.01a

Serum1 Liver2

Treatments AST ALT AST ALT

Control 190.15±7.50d 339.48±6.90a 254.97±2.99a 576.88±3.30a

Newcid 211.00±7.50c 106.25±5.70b 229.43±2.26b 450.44±4.56b

Licid 297.78±6.50a 115.95±8.75b 194.30±1.18c 399.72±4.85c

Quick 259.14±5.40b 108.13±4.35b 201.59±0.84c 416.80±7.23c

Treatments ATPase1 ACP2 CE3

Control 0.38±0.07d 24.20±0.65a 3.36±0.48a

Newcid 0.50±0.07c 21.20±1.37c 3.15±0.50ab

Licid 1.18±0.17a 23.00±0.40ab 2.93±0.10b

Quick 1.04±0.11b 22.60±0.50bc 3.52±0.17a

Table 1: Effect of commercial pediculicides on AChE activity 
and GABA and glutamic acid levels in mice brain.

Data are expressed as mean ± S.D (n=5). Means within the 
same column and having the same letter are not significantly 
different from each other, p≤ 0.05.
¹Specific activity is expressed as µmole of acetylthiocholine hy-
drolyzed/min/mg protein.
²levels is expressed as µg/mg wet tissue.

Table 2: Effect of commercial pediculicides on transaminases in serum and liver of male mice. 

Data are expressed as mean±S.D (n=5). Means within the same column and having the same letter are not significantly different 
from each other, p≤ 0.05.
¹Activity is expressed as units/ml serum.
²Activity is expressed as units/ mg protein of liver.

Table 3: In vivo effect of commercial pediculicides on some he-
patic enzymes in male mice.

Data are expressed as mean±S.D (n=5). Means within the 
same column and having the same letter are not significantly 
different from each other, p≤ 0.05.
¹Specific activity is expressed as µmole of inorganic phosphate/
min/mg protein.
²Specific activity is expressed as nmole of p-nitrophenol pro-
duced/min/mg protein.
³Specific activity is expressed as µmole of p-nitrophenol pro-
duced/min/mg protein.

respectively (Table 3). Permethrin and cypermethrin were 
found to significantly inhibit ACP activities in different tissues 
of mice [92,93]. However, many OPs were found to significant-
ly increase the levels of this enzyme [101,102] and cause a 
release of some hydrolytic enzymes from lysosomes into the 
bloodstream [103]. The increment of ACP activity seems to re-
sult from enhanced enzyme turnover under pesticide stress, 
whereas the reduction of its activity may be related to leakage 
of the enzyme into the extracellular compartment [104,105]. 
In the present study, because very little inhibition was record-
ed after pediculicide treatment, therefore ACP activity cannot 
be utilized as a biomarker for pesticide effects (104). 

Effect on CarE
Carboxylesterase (CarE) belongs to the superfamily of α/β 
hydrolase and found in all organisms [106,107] playing a sig-
nificant role in the metabolism and subsequent detoxification 
of many agrochemicals by cleaving ester, amide, and thioes-
ter linkages [105]. In particular, CarE hydrolyzes pyrethroids 
[108] and binds to carbamates [109] and OPs to reduce the 
critical concentration of malaoxon required to inhibit AChE 
[110,111]. Data presented in Table 3, illustrate that Quick 
which contains malathion and Newcid which contains perme-
thrin showed non-significant increases and decreases in liver 
CarE activity, respectively, while Licid contains tetramethrin + 
PB significantly reduced the activity of liver CarE by 13% of 
control. CarE has been found to hydrolyze most pyrethroids in 
mammals to the toxic metabolite, namely 3-phenoxybenzoic 

acid (3-PBA), the main metabolite, which can enter the dopa-
minergic neurons to exert the toxic effects such as Parkinson's 
disease [112], while OPs do not affect mammals although OPs 
are known as strong anti-CarE [113]. Because this enzyme is 
part of the metabolic processes and responsible for the degra-
dation of malathion and its active metabolite, malaoxon [27], 
and the CarE activity in adults and children is lower than in 
mice [114,115]. Therefore, more care should be considered 
when these pediculicides are applied to human especially chil-
dren because children have less mature blood brain barriers 
and slower rates of clearance [116,117,7].

Conclusion

The present study aimed to investigate the effect of some for-
mulae which are widely used in public health in Egypt as anti-
lice on children on the activities of some biomarkers of mice as 
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experimental animals. It was found that the Licid (0.6% tetra-
methrin with 2.40% PB) was more toxic than Newcid (1% per-
methrin), while malathion found in Quick lotion penetrated 
the skin of treated mice, reached the brain, and significantly 
inhibited AChE resulted in the disturbance of neurotransmis-
sion which is linked with a number of neurological disorders. 
However, tetramethrin found in Licid formula, which belongs 
to type I pyrethroids, inhibited only 22% of AChE activity due 
to the presence of PB. Quick treatment showed higher GABA 
levels, while Newcid and Licid showed low levels of both GABA 
and glutamate and increasing or decreasing postsynaptic neu-
ronal activities in the CNS induces neurotoxicity. In the present 
study, all the pediculicide-treated animals had higher levels of 
AST levels either in serum or liver ALT compared to control 
animals. Also, a significant increase in the ATPase level was re-
corded after all pediculicide treatment and Licid was the most 
potent to increase the activity, followed by Quick and then 
Newcid. Products used for the control of lice on children must 
meet the following requirements: the applied pediculicide 
must have a sufficiently high toxicity or killing effect to eradi-
cate the lice population, with a minimum level of toxicity and 
no negative impact to the environment [118]. However, the 
present study demonstrates that the alteration in different be-
havioral and biochemical abnormalities represent a high risk 
for mice following treatments with the lotion and shampoo-
based pesticides in mammals. Since there are similarities be-
tween different vertebrate groups, disorders observed in mice 
may indicate risks to children. More investigations should be 
done to assess the child's risk exposed to such pediculicides. 
Also, the findings of the present study reinforce the hypoth-
esis already suggested by literature that pediculicide expo-
sure may play a role in children toxicity. Due to the increased 
toxicity of currently available treatments and the incidence of 
pediculosis, the search for new, effective products with novel 
modes of action such as essential oils and herbal products 
is critical [119]. Thus, it is a reasonable goal to establish sig-
nificant, safe, healthy and low budget eradication methods to 
safely eradicate lice infestations.
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