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INTRODUCTION

Head lice, Pediculus humanus capitis, infestation affect mil-
lions of schoolchildren worldwide [1]. In Egypt, head lice in-
festation is an important public health problem and about 
22% of school students in a study carried out in Cairo was 
lice-infested [2]. The global control of pediculosis has been 
hampered as a result of incorrect use of topical insecticides, 
and the increasing resistance to the commonly used pediculi-
cides, including lindane, malathion, and permethrin [3].
Therefore, there is an urgent need for the development of new 
effective pediculicidal products for the market. 

Trials against lice were done by previous workers. Shrivas-
tava et al. [4] tried undiluted lemon which caused complete 
cessation of movements of lice adults after 25 min. Lee and his 
colleagues [5] tested olive oil in 2004. Tea Tree Gel appeared 

to have been quite effective in a study done by Heukelbach et 
al. [6]. Permethrin 1% was tested in the same work. Also, in a 
previous work [7], no lice survived over 5 min at 50 ng/ml of 
ivermectin. However, almost none of the previous workers had 
studied the ultrastructural changes produced by these drugs 
and made beneficial comparisons except for ivermectin. 

The aim of the present work was to evaluate pediculicidal 
efficacy of some natural products, including olive oil, tea tree 
oil, and lemon juice as well as ivermectin, each was tried sepa-
rately, in comparison with tetramethrin-piperonyl butoxide 
(licid), as a standard pediculicide commonly used in Egypt 
against Pediculus humanus capitis in vitro. Adverse effects of 
these products on the exposed dead lice were evaluated by di-
rect observation using dissecting and scanning electron micro-
scopes (SEM) for better understanding of their mechanisms of 
action. In this study, we focused on electron microscopic 
changes detected in adult lice after exposure to the lethal doses 
of these previously used agents by the mentioned workers.

MATERIALS AND METHODS

This study was assessed and approved by Ethics Committee 
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Abstract: Head lice, Pediculus humanus capitis, infestation is an important public health problem in Egypt. Inadequate 
application of topical pediculicides and the increasing resistance to the commonly used pediculicides made the urgent 
need for the development of new agents able to induce irreversible changes in the exposed lice leading to their mortality. 
The aim of the present work is to evaluate pediculicidal efficacy of some natural products such as olive oil, tea tree oil, 
lemon juice, and ivermectin separately in comparison with tetramethrin-piperonyl butoxide (licid), as a standard pediculi-
cide commonly used in Egypt. The effects of these products were evaluated by direct observation using dissecting and 
scanning electron microscopes (SEM). Results showed that after 1 hr exposure time in vitro, absolute (100%) mortalities 
were recorded after exposure to 1% ivermectin and fresh concentrate lemon juice. The mortalities were decreased to 
96.7% after exposure to tea tree oil. Very low percentage of mortality (23.3%) was recorded after 1 hr of exposure to extra 
virgin olive oil. On the other hand, the reference pediculicide (licid) revealed only mortality rate of 93.3%. On the contrary, 
no mortalities were recorded in the control group exposed to distilled water. By SEM examination, control lice preserved 
outer smooth architecture, eyes, antenna, respiratory spiracles, sensory hairs, and legs with hook-like claws. In contrast, 
dead lice which had been exposed to pediculicidal products showed damage of outer smooth architecture, sensory 
hairs, respiratory spiracles and/or clinching claws according to pediculicidal products used.
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of Faculty of Medicine, Cairo University, Egypt after taking 
consents from local health authorities and all participants. 

Collected samples
Lice were collected from schoolchildren as well as lice-in-

fested patients attending skin outpatient clinic at Kasr Al Ainy 
hospital. Samples were brought by combing through their hair 
using clean combs. Head lice were carefully gathered in a glass 
container with silk cloth cover to allow for proper ventilation. 
All the volunteered patients had not been treated with any an-
ti-lice products for the preceding 3 months.

Tested products
Fresh fruits of lemon (Citrus lemon) were purchased from a 

local market of Cairo. Lemon fruits were peeled and squeezed 
by hand machine under standard pressure. The juice was al-
lowed to settle for 10 min at room temperature (22-25˚C). 
Raw undiluted lemon juice was obtained after filtering 
through metal thieves (25 pores/inch).

Olive oil as a traditional home remedy for eradication of 
lice was brought as extra virgin olive oil provided by Wadi 
Company for food industries. Tea Tree Head Lice Gel kit, con-
taining Melaleuca (tea tree) oil 5% and ethanol 20%, was pro-
vided from Thursday Plantation Laboratories (Ballina, New 
South Wales, Australia). Ivermectin lotion 1% (each 100 ml 
contains 1 g ivermectin) as effective anti-lice anti-scabitic was 
provided by Unipharma (Athens, Greece). Licid lotion (each 
100 g contains tetramethrin 0.6 g, piperonyl butoxide 2.4 g) as 
effective pediculicide was obtained from Misr Company (Cai-
ro, Egypt) for pharmaceuticals (used as the reference drug).

Inclusion criteria
The collected lice were transferred onto filter paper discs 

(Whatman No. 1) fitting in 5-cm Petri dishes at 27˚C and 50% 
relative humidity. They were examined for the activity and mor-
phological criteria under a dissecting microscope. They were 
identified according to Burkart et al. [8]. Only actively motile 
and intact adult lice were selected for the test irrespective of sex. 

In vitro pediculicidal activity
According to Shrivastava et al. [4], the collected fresh, sound 

and intact lice were divided into 6 experimental groups, each 
of 10 lice. Three replicates were done and the average was esti-
mated. The previous products were tested in vitro against lice 
in comparison with the reference drug (licid) and the negative 

control in distilled water. The exposure was done according to 
the method of Shrivastava et al. [4] with little modification. In 
each replicate, 0.5 ml of each test solution was spread over the 
lice and the filter paper in each of the 6 experimental groups 
[9]. For the negative control group, 0.5 ml of distilled water 
was spread in the same way to prevent lice from desiccation. 

Lice were exposed to the tested products simultaneously for 
1 hr. At the end of the exposure time, lice were washed in tap 
water 3 times and placed into a new Petri dish over a new filter 
paper [6]. Lice were left for another 1 hr, then re-examined un-
der a dissecting microscope where the number of dead and 
alive individuals was counted. 

Criteria of mortality
According to Shrivastava et al. [4], lice on the filter paper 

were examined under a dissecting microscope. Death of lice 
was defined as those showing complete cessation of all vital 
signs and movement of antennae or legs, with or without 
stimulation using a forceps, heat or light exposure.

Electron microscopic study
It was done in Drinking Water for Greater Cairo Company, 

the central laboratory, Fustat, microbiology laboratory. In or-
der to investigate the adverse effects of the tested drugs on ex-
posed lice, samples were examined under an electron micro-
scope and compared with the negative control lice. Adults 
were observed under low-vacuum SEM. The samples were 
washed in distilled water and dried at room temperature. 
Specimens were mounted on stubs with double side carbon 
tape [10]. Then, the samples were inspected on JEOL JSM-
6390LA analytical SEM.

RESULTS

The results displayed in Table 1 demonstrated the percent-

Table 1. Rate of mortality in 30 exposed lice to different tested 
products in comparison with the control  

Tested product
Mortality in exposed lice  (no.=30)

No. of dead lice Mortality (%)

Lemon juice 30 100.0
Ivermectin 30 100.0
Tea tree oil 29 96.7
Olive oil 7 23.3
Licid 28 93.3
Control 0 0
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age of mortalities in 30 exposed lice for different chemicals 
and control after 1 hr of exposure (in vitro) using a dissecting 
microscope. The data revealed that 1% ivermectin and fresh 
concentrate lemon juice appeared to be potent pediculicides 
as they caused death of all the exposed lice (100% efficacy). In 
the second rank after both products, tea tree oil showed the 
mortality rate of 96.7% as 1 of 30 lice exposed was still alive. 
Moreover, very low percentage of mortality (23.3%) was re-
corded with extra virgin olive oil after the same period of ex-
posure. On the other hand, 2 lice from the exposed 30 were 
still alive after exposure to the reference pediculicide (licid) 
reaching a mortality rate of 93.3%. At the same time, no mor-
talities were recorded in the control group exposed to distilled 
water as the lice were still active preserving righting reflex. 

The adverse effects of these products were evaluated by di-
rect observation using scanning electron microscopes and the 
ultrastructural changes produced were recorded. SEM of nega-
tive control specimens showed smooth outer contour of adult 
lice and a conical head with a ventral constriction. Antennae 
and eyes were intact with preserved 3 pairs of hairs at the end 
of the head anteriorly. The thorax was intact with preserved 
pro-, meso-, and metathorax. Three pairs of legs were termi-
nated with hook-like claws. Sensory hairs could be identified 
on the legs acting as chemoreceptors and mechanoreceptors. 
Setae were also preserved. Abdominal respiratory spiracles 
could be detected. The ventral aspect of the abdomen showed 
preserved gonopods (female Pediculus) (Fig. 1).

Ivermectin-treated specimens showed disfigured adult lice 

with apparently flaccid legs. There was damage of the chitinous 
covering of the head, its front, the last pair of legs, and basal 
apodeme. Loss of hook-like claws as well as tibial spurs was 
detected. There was loss of some of sensory hairs on legs. Less 
setae were observed as compared with the negative control. 
SEM micrographs illustrated destruction in the last abdominal 
segments as well as the edeagus and endotheca (Fig. 2A, B). 

Citrus lemon juice-treated specimens illustrated shriveled, 
disfigured, and distorted adult Pediculus with loss of the outer 
smooth architecture as well as loss of clinching claws (Fig. 2C). 
Tea tree oil 5%-treated Pediculus showed damage in clypeus 
and front of the head. Moreover, there was bulging of respira-
tory spiracles with intact antenna. Outer contour and hook-
like claws were preserved. Abdomen maintained pseudopenis, 
edeagus, and subgenital plate (male Pediculus) (Fig. 2D). Extra 
virgin olive oil-treated lice showed that olive oil seemed to fill 
the respiratory system represented by the 2 hollow tubes on 
both sides and the abdomen together with their lateral exten-
sions connected to the respiratory spiracles (Fig. 2E). There 
were no major ultrastructural changes in positive control spec-
imens (tetramethrin-piperonyl butoxide-treated lice) except 
from some loss of sensory hairs and setae on the adult lice 
with some damage of the smooth outer architecture (Fig. 2F) 
as compared with the negative control.

DISCUSSION

The use of natural products of plant origin is the focus of at-

Fig. 1. SEM of a negative control louse (Pediculus humanus capitis, female) with preserved smooth outer contour with a conical head, 
ventral constriction, and blunt abdomen. (A) Antennae and eyes are intact with preserved 3 pairs of hairs at the end of the head anterior-
ly. The thorax is preserving pro-, meso-, and metathorax, and 3 pairs of legs terminated with hook-like claws. Sensory hairs could be 
identified on the legs. Setae are well preserved. (B) Abdominal respiratory spiracles could be detected and joint spaces demonstrate the 
contrast between the hard body chitin and the highly flexible soft chitin. The ventral aspect of the abdomen shows preserved gonopods.
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tention. They are suitable alternative to synthetic chemicals as 
they are readily biodegradable, of low cost, easily available and 
usually lacking toxicity to higher animals which means that 
they are eco-friendly [11]. In the current study, ivermectin 
showed marvelous pediculicidal effects. The injurious effect of 
ivermectin has been detected by Allam and his colleagues [7] 
who have noticed that no lice survived over 5 min. This was 
probably due to different drug concentration used. The mech-

anism of action of ivermectin might be due to possible muscle 
paralysis. Pariser et al. [14] have claimed to topical ivermectin 
0.5% lotion killed head lice by increasing chloride in muscle 
cells, causing hyperpolarization and paralysis. They have stated 
that, when the treated eggs hatched, the lice were not viable 
because they could not feed as a result of pharyngeal muscle 
paralysis. Ivermectin-treated lice have shown loss of setae and 
some of sensory hairs on legs which might act as mechanore-

Fig. 2. SEM of drug-treated lice showing disfigured and damaged bodies. (A, B) An adult louse treated with ivermectin which shows ap-
parently flaccid legs (short arrows), damage of the chitinous covering of the head, its front, the last pair of legs, and basal apodeme, and 
loss of hook-like claws as well as tibial spurs. Loss of some sensory hairs on legs, less setae as compared with the negative control, and 
destruction in the last abdominal segments (long arrow) as well as the edeagus and endotheca are seen. (C) Citrus lemon juice-treated 
lice illustrating shriveled, disfigured, and distorted adult Pediculus with loss of the outer smooth architecture as well as loss of clinching 
claws. (D) Tea trea oil 5%-treated lice showed bulging of respiratory spiracles (arrows) with preserved outer contour and presence of 
hook-like claws. Abdomen maintained pseudopenis, edeagus, and subgenital plate. (E) Extra virgin olive oil-treated lice which show the 
respiratory system filled with olive oil along the 2 hollow tubes on both sides together with their lateral extensions connected to the respi-
ratory spiracles (arrows). (F) Positive control specimens (licid-treated lice) illustrating some loss of sensory hairs and setae with some 
damage of the smooth outer architecture.
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ceptors as concluded by Burkhart et al. [8]. They also declared 
that sensory hairs, conical pegs, and campiniform organs iden-
tified on legs appeared to act as chemoreceptors, proprio re-
ceptors, and mechanoreceptors allowing lice to detect hazards 
such as chemical signals, wind, and combing through hair [8].

Moreover, this study pointed out the absolute efficacy of 
fresh lemon juice which coincided with the report of Shrivas-
tava et al. [4] who confirmed that raw Citrus limon juice and ½ 
diluted juice showed pediculicidal efficacies of 95±5% and 
90±10%, respectively. Tea tree oil has provoked high efficacy 
and bulging of respiratory spiracles which might lead to suffo-
cation of lice in agreement with Heukelbach et al. [6] who 
emphasized the effectiveness of tea tree oil [6]. 

Extra virgin olive oil appeared to be the least effective. The 
same was reported by Lee et al. [5] who declared that no home 
remedy killed 100% of lice or eggs after 24 hr. They also point-
ed out that olive oil might reduce egg hatchability. This was 
probably due to sealing of eggshell opening causing oxygen 
deprivation. Licid has illustrated low efficacy which may indi-
cate the possible resistance to the compound. Hunter and 
Baker [12] found a high degree of resistance to permethrin in 
head louse in a Townsville school. Also, Heukelbach et al. [6] 
observed that 18% of lice were not dead at 3 hr indicating 
some resistance to permethrin 1%. The difference between 
percentage of mortality in the present study and that done by 
Heukelbach et al. [6] may be due to different ways in the ap-
plication methodology. Furthermore, we used tetramethrin-pi-
peronyl butoxide instead of permethrin 1%. Tetramethrin is 
known to be one of the 1st generation pyrethroids which were 
known to act by prevention of closure of the voltage-gated so-
dium channels in the axonal membranes causing permanent 
depolarization thus paralyzing lice. Tetramethrin activity was 
also enhanced by addition of the synergist piperonyl butoxide 
as it was thought to inhibit microsomal cytochrome P450 en-
zymes responsible for metabolizing pyrethroids [13].

Negative control adults have remained alive throughout the 
whole exposure in agreement with other workers [4-6]. SEM 
of negative control has demarcated preserved outer smooth ar-
chitecture which resembled the findings illustrated by Dutra et 
al. [10] who studied mummified adult lice. In that study, au-
thors declared that adult lice showed a very well preserved 
state maintaining apparent lateral spiracles, eyes, and genital 
aperture in females. 

In conclusion, ivermectin and fresh Citrus lemon juice have 
proved high pediculicidal efficacy followed by tea tree oil. Ex-

tra virgin olive oil seemed to show least efficacy as compared 
with the positive and negative control lice. SEM studies 
showed variable ultrastructural changes which may highlight 
the mechanism of action of these agents against lice. The au-
thors recommended further studies on the same materials af-
ter preparing them in more purified form. This may facilitate 
using them in more economic concentration to create new ef-
fective agents without drug resistance.
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