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This study aimed at evaluating the toxicity of some insecticides (abamectin and deltamethrin) on the
lethal time (LT50) and midgut of foragers honeybee workers of Apis mellifera jemenatica were studied
under laboratory conditions. The bees were provided with water, food, natural protein and sugar solution
with insecticide (concentration: 2.50 ppm deltamethrin and 0.1 ppm abamectin). The control group was
not treated with any kind of insecticides. The mortality was assessed at 1, 2, 4, 6, 12, 24, 48, and 72 hour
(h) after insecticides treatment and period to calculate the value of lethal time (LT50). But the samples the
histology study of midgut collected after 24 h were conducted by Scanning Electron Microscope. The
results showed the effects of insecticides on the current results show that abamectin has an adverse
effect on honeybees, there is a clear impact on the lethal time (LT50) was the abamectin faster in the death
of honeybee workers compared to deltamethrin. Where have reached to abamectin (LT50 = 21.026) h, del-
tamethrin (LT50 = 72.011) h. However, abamectin also effects on cytotoxic midgut cells that may cause
digestive disorders in the midgut, epithelial tissue is formed during morphological alterations when
digestive cells die. The extends into the internal cavity, and at the top, there is epithelial cell striated bor-
der that has many holes and curves, abamectin seems to have crushed the layers of muscle. Through the
current results can say abamectin most toxicity on honeybees colony health and vitality, especially for-
agers honeybee workers.
� 2016 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Apis mellifera jemenatica is the main honey bee strain of the Ara-
bian Peninsula, also spread in some parts of Africa (Aljedani, 2009),
due to its adaptation under environmental conditions prevailing in
Saudi Arabia and to its disease resistance (Alghamdi, 2002). Envi-
ronmental stressors may interact with each other and potentiate
their effect on organisms’ health and survival (Holmstrup et al.,
2010; Gonza’lez-Varo et al., 2013). Apis mellifera are constantly
exposed to a wide variety of biotic and abiotic stressors. Among
these, pathogens and pesticides are important variables that influ-
ence honeybee survival. Interactions between stressors in honey-
bees may be partly responsible for the severe colony losses
recorded worldwide for more than ten years (Oldroyd, 2007;
Potts et al., 2010; vanEngelsdorp and Meixner, 2010;
vanEngelsdorp et al., 2010).

In recent decades, much has been learned about the interaction
between bees and the natural toxins that exist in their environ-
ment. Thus, the discovery of new active ingredients and new
modes of action that can be used to control insect pests is also con-
tinual. There have been drastic changes in the toxicology of practi-
cal beekeeping, with beekeepers beginning to use pesticides inside
the colony in an effort to control pests and pathogens (Johnson,
2015). Many of the pesticides to which A. mellifera are exposed
have insecticidal properties and may be harmful to bees (Nasr
and Wallner, 2003; Pettis et al., 1991, 2004), affect A. mellifera’s
cardiotoxicity (Papaefthimiou and Theophilidis, 2001), and affect
forager bees’ mobility and communicative capacity (Medrzycki
et al., 2003).

In a study carried (Husain et al., 2014) out to determine the
effect insecticides on three species of A. mellifera and their ability
to survive and calculate the value of LT50, there were found differ-
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ences in the value of LT50 between these species when exposed to
different concentrations of insecticides. Aljedani and Almehmadi
(2016) was a study conducted against three insecticides was vari-
ation in the intensity of the effect of the insecticides on the longev-
ity of the honeybee of different concentrations when used orally.
However, among other effects documented in the literature
(Gregorc and Ellis, 2011) investigated the effects of pesticide on
A. mellifera on cell death and localization in pesticide-treated. Pes-
ticides damage the midgut cells of several species of the Apis genus
(Higes et al., 2007; García-Palencia et al., 2010). Insecticides have a
major effect on Apis mellefera and should be considered hazardous
to pollinators because nectar and pollen can become contaminated
(Girolami et al., 2009; Stoner and Eitzer, 2012). Chronic exposure
to sublethal doses can be due to an accumulation of insecticides
in hive products (Pilling et al., 2013), which induces significant
short-term impacts at the colony level, resulting in decreased col-
ony performance and productivity (Sandrock et al., 2014). In
insects, the digestive tract is mainly composed of three parts: the
foregut, midgut, and hindgut. The midgut is also called the mesen-
teron, ventriculus, and stomach. It is the main site that secretes
granules. In addition, digestion and absorption occur here
(Chapman, 1998; Cruz-Landim, 1999).

Insecticides caused more the alterations on midgut cells in a
study by Kakmand et al. (2008) aimed to analyze the effects of
the acute oral toxicity of insecticides showed that they caused high
mortality rates in A. mellifera and disruption in the midgut cells.
The midgut epithelium is responsible for the detoxification of
ingested xenobiotics (Mao et al., 2011), and some insecticides
specifically target the midgut epithelium (Han et al., 2012;
Vachon et al., 2012). Damage to the midgut epithelium of honey-
bees has also been reported as a consequence of acute exposure
to the insecticides malathion, deltamethrin, and thiamethoxam
(Kakmand et al., 2008). This spatial overlap between immunity
and detoxification may facilitate synergistic interactions between
pesticides and pathogens to the detriment of honeybee health
(Pettis et al., 2012; Johnson et al., 2009). Most studies have focused
on mortality or behavioral deficiencies in exposed A. mellifera
while neglecting other biological functions and target organs. We
aimed to this study the effects of two insecticides representing
the most prevalent groups namely; abamectin and deltamethrin
on foragers honeybee workers of A. mellifera jemenatica by orally
feeding them a sugar solution with an insecticide added to it. We
are in this study will analyze the effects on the lethal time (LT50)
and on the cells in the midgut.
2. Materials and methodology

This study was carried out at the Laboratory of Entomology at
the King Abdulaziz University. In order to evaluate the effect of
two insecticides on the foragers honeybee workers A. mellifera
jemenatica. Insecticides used; the adverse effects caused by two
types of insecticides, representing the most prevalent groups,
available in abundance in the Saudi market, used in pest control,
were studied, namely: abamectin pesticide, from the avermectin
group and deltamethrin; a compound of pyrethroid group.
2.1. Individuals used in the study

Foragers honeybee workers A. mellifera jemenatica that have
been used in the study, which are individuals working outside
the hive in collecting nectar and pollen, but are characterized with
being fed on the nectar or honey in larger amounts (carbohydrates
nutrition). Foragers honeybee workers were chosen to conduct the
study according to Oldroyd and Nanork (2009) and Khoury et al.
(2011)). All individuals that used in this study collected under
the normal conditions.

In addition, foragers honeybee workers when you start work
outside the hive expect as most individuals are affected by insecti-
cides. In many cases, the foragers workers, which are responsible
for collecting nectar and pollen, lose the ability to fly or become
disoriented and cannot return to the hive (Oldroyd, 2007).

2.2. Material and food administration

Where two methods were combined for the design of wooden
cages for breeding, taking into account that the one face of the
wooden box is covered with metal wire mesh, while the opposite
face would be of glass, based on what was mentioned by
Kakmand et al. (2008), and for holding cage measurements, were
(40 � 30 � 30 cm).

The cage was provided, on the top sid with 2 plastic medical
syringe (50 ml), one of which with water, and the other syringe
with sugar solution of (1:1), that is (50%) (as a source of carbohy-
drates nutrition). (50% w/v) based on what was conducted by
Bortolotti et al. (2003), Medrzycki et al. (2003) and Pohorecka
(2004), laced with insecticide solution under test. The cage was
also provided with a small plastic pot of 3 cm in diameter, and
1 cm in height, put in the cage bottom to provide natural protein
nutrition, (pollen) mixed with sugar in equal parts; where 50 g of
pollen and 50 g of powdered sugar as well as a little water are
added to get a paste, and then 10 g of the such paste are put in
the plastic pot, covered with a transparent perforated plastic sheet
to allow feeding of bees and protection of the paste from drying out
and preventing the adhesion of such food particles bees during
feeding, where food is changed every three days (Hatjina et al.,
2013).

2.3. Time period of experiment conductance

The mortality was assessed at 1, 2, 4, 6, 12, 24, 48, and 72 hour
(h) after insecticides treatment. Bees were then for holding cage to
assess the effects of insecticides until the end of the 72 h period to
calculate the value of lethal time (LT50). But the samples the histol-
ogy study (midgut) collected after 24 h by Thompson (2001),
Kakmand et al. (2008), Costa et al. (2014) and Forkpah et al. (2014).

2.4. Study groups division

The research experiences were divided into three groups,
namely:

� A non-exposed control group.
� An exposed group to abamectin, with 0.1 ppm concentration.
� An exposed group to deltamethrin, with 2.50 ppm
concentration.

2.5. Study procedures

The forager honey bee workers were selected for the study, as
they are individuals working outside the hive in the collection of
nectar and pollen, where they have been fed orally, where they
were provided with water and natural protein nutrition, and sugar
solution laced with insecticide in the required concentration. As
the insecticides used in the study (abamectin and deltamethrin).

The abamectin pesticide has been used in the following concen-
tration: 0.1 ppm and deltamethrin pesticide was used in the fol-
lowing concentration: 2.50 ppm, while the control group was not
treated with any kind of pesticides, and were fed naturally, with
water, natural protein nutrition as well as sugar solution, free of
any additives, were used. The samples were followed up, as a bee
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would be considered dead when it remains motionless for ten sec-
onds of the observation period, after moving it gently by a fine
brush, (Laurino et al., 2013). The experiment was repeated three
times using fifteen insect in each repeated time.

2.6. The study of the lethal time 50 (LT50)

Mortality percentages were calculated for each treatment and
corrected using Abott’s equation (Abbott, 1925). The lethal time
50 (LT50) was calculated for each group at p = 0.05, LT50 was also
determined by Probit analysis (Finney, 1971) Ldp line (Bakr, 2007).

2.7. The histological study of the midgut by Scanning Electron
Microscope (SEM)

The samples of honeybees workers It was were placed in the
fixed for 2 h with 2.5% glutaraldehyde. Then specimens were
washed in 0.1 M sodium cacodylate buffer (pH 7.2) and post fixed
in 1% osmium tetroxide in the same buffer. The midgut was dehy-
drated in a graded ethanol series. The specimens were coated by
gold sputtering for 60 s using Auto Fine Coater (JFC-1600) and
viewed with a JSM-6360LV Scanning Electron Microscope at 10 kV.

3. Results

3.1. The lethal time 50 (LT50)

The results showed the effects of insecticides on foragers
honeybee workers A. mellifera jemenatica throughout the life of
these workers, where they were fed on a sugary solution laced with
insecticide under laboratory conditions. The bees were provided
with water, food, natural protein and sugar solution with insecti-
cide (concentration: 0.1 ppm abamectin and 2.50 ppm deltame-
thrin). The control group was not treated with any kind of
insecticides.

This study results of lethal time (LT50) that has been conducted
to find that two insecticides used abamectin and deltamethrin.
Firstly, abamectin shortest time needed to death half the number
Figure 1. Lethal time (LT50) after exposure to abam
individuals it takes to death 50% to 21.026 h (LT50 = 21.026), and
130.954 h of death 90% of individuals (LT90 = 130.954) Fig. 1. Sec-
ondly, deltamethrin death 50% of individuals through 72.011 h
(LT50 = 72.011), and 2010.599 h of death 90% of individuals
(LT90 = 2010.599) Fig. 2. Finally, that can conclude that insecticide
abamectin be faster in the death of foragers honeybee workers
compared to deltamethrin. While in the control was value of
(LT50 = 313.826) and (LT90 = 1724.129). Fig. 3, Table 1.

3.2. The histological of the midgut by Scanning Electron Microscope
(SEM)

3.2.1. A non-exposed (control)
It was found through the results obtained in the present study.

The midgut (stomach) (mid gut (mid)) area of the abdominal cavity
in honeybee weavers is a member of the following proventriculus
flexes into a body cavity. The stomach wall has several sections
that extend into the turns of the cavity (lumen (L)). The midgut
consists of the roaming honeybees articulated that feed on the
solution (non-diabetes exhibition for insecticides (control) of
epithelial cells (Epth). Epithelial cells are mostly made up of
columnar digestive cells that appear large during cell proliferation,
which is characterized by small gaps or cytoplasmic holes (vac-
uoles (vacu)) on the outer wall. In the midgut in A. mellifera under
normal conditions, epithelial tissue is formed during morphologi-
cal alterations when digestive cells die. The extends into the inter-
nal cavity, and at the top, there are epithelial cell cilia (striated
border (Sb) that have many holes and curves. The cells were on
the basement membrane (basement membrane (Bm)), which is
the base and anchor for all cells. The midgut is surrounded from
the outside by two layers of muscle (muscles (M)); circular mus-
cles inside (circular muscles (Cmscl)) and longitudinal muscles
outside (longitudinal muscles (Lmscl) Fig. 4.

3.2.2. An exposed to abamectin and deltamethrin
The results of the current study examining the effect of insecti-

cides on bees shows that deltamethrin caused the midgut lumen
(lumen (L)) to become less spacious, but the inside scoop of the
ectin after 72 h of foragers honeybee workers.



Figure 2. Lethal time (LT50) after exposure deltamethrin after 72 h of foragers honeybee workers.

Figure 3. Comparing of lethal time (LT50) after exposure of insecticides after 72 h of foragers honeybee workers.
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luminal average with exposure to abamectin was more affected,
opaque, and almost solid.

We found that exposure to deltamethrin caused the epithelial
cells to become contiguous with each other and that the holes or
gaps due to curves on their striated border almost or completely
disappeared. Exposure to abamectin clearly affects the epithelial
layer, as the cells merge with each other.

In the midgut epithelial tissue is formed during morphological
alterations when digestive cells die. The extends into the internal
cavity, and at the top, there are epithelial cell cilia (striated border



Table 1
Comparing of lethal time (LT50) after exposure of insecticides after 72 h of foragers honeybee workers.

No Line name LT50 LT90 Lower limit Upper limit Index RR Slope Slope±

1 Abamectin 21.026 130.954 15.572 29.966 100 1 1.613 0.104
2 Deltamethrin 72.011 2010.599 49.984 118.837 29.198 3.425 0.886 0.09
3 Control 313.826 1724.129 166.389 1478.904 6.7 14.926 1.732 0.385

Index compared with Abamectin. Resistance Ratio (RR) compared with Abamectin.

Figure 4. Cross section of the midgut after 24 h of Control in the foragers honeybee workers by Scanning electron photographs (SEM):(A,B) General view of midgut (Mid),
Lumen (L), muscles (M), (C,D) Showing the epithelium cells (Epth), vacuoles (Vacu). striated border (Sb), (E,F) basement membrane (Bm), circular muscles (Cmscl),
longitudinal muscles (Lmscl).
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(Sb) that have many holes and curves, under exposure to deltame-
thrin, the striated border was characterized by softness with no
holes.

The cells were on the basement membrane (basement mem-
brane (Bm)), which is the base and anchor for all cells. The midgut
is surrounded from the outside by two layers of muscle (muscles
(M)) and two circular muscles: inside (circular muscles (Cmscl))
and longitudinal muscles (longitudinal muscles (Lmscl). This was
evident in the natural state; deltamethrin appears to have caused
some changes and caused separation from the basal membrane.



Figure 5. Cross section of the midgut after 24 h exposure of abamectin in the foragers honey bee workers by Scanning electron photographs (SEM): (A,B) General view of
midgut (Mid), Lumen (L), muscles (M), (C,D) Showing the epithelium cells (Epth), vacuoles (Vacu). striated border (Sb), (E,F) basement membrane (Bm), circular muscles
(Cmscl).
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Abamectin seems to have crushed the layers of muscle. Fig. 5 the
midgut exposure of abamectin) and Fig. 6 the midgut exposure of
deltamethrin.

The current results show that abamectin has an adverse effect
on honeybees, especially foragers honeybee workers; there is a
clear impact on the lethal time (LT50) and effects on midgut cells
that may cause digestive disorders in the midgut, slowing its effi-
ciency and thus affecting honeybee colonies’ health and vitality.
4. Discussion

The foragers bees A. mellifera jemenatica effects of insecticides
(abamectin and deltamethrin) on throughout the life. It was found
through the results obtained in the present study. When we ana-
lyzed the effects of the lethal time (LT50) was the abamectin faster
in the death of foragers honeybee workers compared to deltame-
thrin. Where have reached to abamectin (LT50 = 21.026) hour, del-
tamethrin (LT50 = 72.011) hour. While in the control was value of
(LT50 = 313.826) hour. Additional studies by Carvalho et al.
(2009) found also independent of the form of contamination, thi-
amethoxamwas extremely toxic to bees, causing the death of more
than 80% of the specimens after 3 days. And confirmed the high
toxicity of this compound and showed that regardless of the expo-
sure mode (spray, intake, or residue on the surface of the culture),
thiamethoxam (37.5 ng a.i./l L) is extremely toxic to bees. This
chemical had a LT50 on average of 3.57 h Husain et al. (2014) was
a study conducted against three species of honey bees, to check
long-term survival of honeybees when exposed to different insec-
ticides. The LT50 of spinosad was increased up to 18 h with decreas-



Figure 6. Cross section of the midgut after 24 h. exposure of deltamethrin in the foragers honey bee workers by Scanning electron photographs (SEM): (A,B) General view of
midgut (Mid), Lumen (L), muscles (M), (C,D) Showing the epithelium cells (Epth), vacuoles (Vacu). striated border (Sb), (E,F) basement membrane (Bm), circular muscles
(Cmscl), longitudinal muscles (Lmscl).
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ing concentrations at 125 ppm against A. mellifera, LT50 of spinosad
was increased up to 15 h with decreasing concentrations at
125 ppm against Apis florea as well as LT50 of spinosad and Ema-
mectin benzoate were increased up to 20 h with decreasing con-
centrations at 125 ppm against Apis dorsata., LT50 of all controlled
species was 91–103 h.

The midgut of A. mellifera presents an important interface
between the insect and its environment that is responsible for
the absorption of nutrients in A. mellifera. The midgut wall has sev-
eral sections that extend into the turns of the cavity (lumen). The
midgut consists of the roaming honeybees articulated that feed
on the solution (non-diabetes exhibition for insecticides (control)
of epithelial cells. The midgut epithelium is the only tissue of adult
A. mellifera that exhibits widespread cell proliferation (Forkpah
et al., 2014). Thiboldeaux et al. (1998) and Sorour (2001) stating
that the midgut is the most important site for the terminal diges-
tion and absorption of nutrients and is the main way pesticide
molecules present in food are absorbed. The intestine can reveal
morphological alterations induced by environmental contaminants
ingested by A. mellifera and that may lead to the death of the mid-
gut epithelium (Gregorc et al., 2007). Additionally, it may reduce A.
mellifera’s activity, longevity, and nursing behavior (Schneider
et al., 2012). Forkpah et al. (2014) indicate that some insecticides
frequently used in apiculture and known to accumulate in A. mel-
lifera hives may have hitherto unknown physiological effects. The
nutritional status and susceptibility to pathogens of A. mellifera
could be compromised by the impact of insecticides on the main-
tenance of the midgut epithelium. A growing body of evidence con-
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tributes to more comprehensive testing being considered safe for
A. mellifera and other non-target species. The results of the current
study examining the effect of insecticides on bees shows that del-
tamethrin caused the midgut lumen to become less spacious, but
the inside scoop of the luminal average with exposure to abamec-
tin was more affected, opaque, and almost solid.

Epithelial cells are mostly made up of columnar digestive cells
that appear large during cell proliferation, which is characterized
by small gaps or cytoplasmic holes (vacuoles) on the outer wall.
We found that exposure to deltamethrin caused the epithelial cells
to become contiguous with each other and that the holes or gaps
due to curves on their striated border almost or completely disap-
peared. Exposure to abamectin clearly affects the epithelial layer,
as the cells merge with each other.

In the midgut in A. mellifera under normal conditions, epithelial
tissue is formed during morphological alterations when digestive
cells die (Cruz-Landim and Cavalcante, 2003; Martins et al.,
2006). The midguts of the Africanized honeybee from different
control groups for all periods analyzed that showed typical charac-
teristics of this structure: preserved digestive cells usually with
nuclei of spherical shape, organelles with no alterations, vacuoles
were also observed in the cytoplasm. The control groups that were
treated with acetone also showed these same characteristics. The
ultrastructural analysis of midguts from honeybees exposed to a
concentration corresponding to the CL50/10 of thiamethoxam
showed that the effect of this chemical was most evident in honey-
bees that were exposed for 1 day. Digestive cells of bees exposed to
the insecticide for 3 days had nuclei with a more regular shape
(Catae et al., 2014).

The peritrophic membrane could be easily observed in larvae
and presented a double origin: epithelium of the proventriculus
and the transition cells between the ventriculus and proventricu-
lus. Although this was not observed in the present investigation,
it may have been overlooked. No peritrophic membrane was
observed in adults (Caetano et al., 1990). The extends into the
internal cavity, and at the top, there are epithelial cell cilia (striated
border) that have many holes and curves to increase surface
absorption and the exchange of nutrients and enzymes. Under
exposure to deltamethrin, the striated border was characterized
by softness with no holes. The midgut is internally lined by a single
layer of columnar epithelium. There were cubic epithelial cells
shaped like baskets that formed cellular nest at their basal surface
(regenerative cells). The apical surface of the columnar epithelial
cells had microvilli (Çakici and Ergen, 2012).

The cells were on the basement membrane, which is the base
and anchor for all cells. The midgut is surrounded from the outside
by two layers of muscle; inside circular muscles and outside longi-
tudinal muscles. This was evident in the natural state; deltame-
thrin appears to have caused some changes and caused
separation from the basal membrane. Abamectin seems to have
crushed the layers of muscle. Some species of Lepidoptera, which
have two muscle layers (external circular and inner longitudinal
muscles) (Levy et al., 2004). Conversely that Coleoptera in which
the inner muscle layer is circular and the external layer is longitu-
dinal (Silva-Olivares et al., 2003). The presence of a single layer of
circular muscle has also been reported in ants (Villaro et al., 1999).
5. Concluding remarks

From these study, we was concluded that the insecticides
proved to be lethal for A. mellifera jemenatica of honeybee. The
results showed that abamectin had high LT50 than deltamethrin.
Also, it was the latest more harmful effects on midgut cells. Insec-
ticides are used to harm honeybees were exposed to a great variety
of other potentially toxic chemicals.
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