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ABSTRACT

Early embryonic development is tightly regulated, and environmental factors can disrupt vital
processes, resulting in poor embryo development. Abamectin, a pesticide and insecticide, has been
shown to cause infertility in farmers. Despite its benefits, little is known about its impact on
embryonic development and pregnancy. Therefore, this study aimed to examine the effects of
Abamectin at two different concentrations on the nuclear erythrocyte morphology and general
embryonic development in domestic Gallus chick embryos. Eggs were injected with Abamectin
(ABM) at doses of 0.01 mg/kg and 0.05 mg/kg body weight per egg at two stages of development:
the zero and third days of incubation. The embryos were collected on the fifth and ninth days of
incubation, and their morphology was examined under a dissecting microscope. Blood samples
were collected on the twelfth day of incubation. Blood smears were prepared on slides and stained;
the density of blood cells, as well as the shape and abnormalities of nuclei, were examined under a
light microscope.

The results from this study demonstrate that exposure to ABM led to developmental defects in
embryos at stages HH29 to HH38. These defects affected overall morphology, blood vessel
formation, and erythrocyte shape, with higher concentrations producing more severe outcomes.

(ol alle) Zlradl i G slpaell pull SsS § il ol nlly Skl Gl pslatll e ARl a5

LIV 32T i SIS

Lt el dl il pac dasls castall A0S ¢ pall Gle aud @
Lot (23 Wy Aaale < plall IS olgum) le puns®

Ao Lial | ol
oSl

olag sl

BEES PPV
FATNUNES
PJOE 3 PRT{FLATRY

el

cblanadl 3 Chlaal 6f 350 O oSes Cum 48y Led (oSoadll ot Aloe 9o S il skl
sl cadgs I 635y a8 Sl Guidl Hekatll (e ,Sin By (3 Akl Jolgald ByLAYT lylue of Aps )
Sl 9o Lelele camy G Adad! Jalgall i i) clagadll ol 5b5 o ,SGLl auizd)
0556 OF San eBogaadl Al ¥l iladas (oo o1 ey (§rdm S S0 JSCiy p ety 529 <(ABM)
Aanil gt cnddl eyl g @aall oy w8 (JUL Ja (e Bl CBlgall (o sl
U Jamdly Gl sshaall e sl 4aiS e IS 8yl Y casly Blas e doliind (e 02,1 e
shhazdl audl SlyS IS aladl Gl Hshatll e Sl 38,5 430 A8 ,al Aulyll sda meesad @
ol g @5t (AL sl el isSaS g § el pdl LS gl IS § il 2lliSy
Onilo e e duag S0 el 039 (0 @028/ 0xle 0.05 9 @xS/pzxle 0.0 de yzey (ABM) (S li¥1 Balay

*Corresponding author:

E-mail addresses: Kawakeb.ali@omu.edu.ly, (BushraHamad) bushra.mustafaO3@gmail.com.
Acrticle History : Received 19 July 2024 - Received in revised form 17 November 2024 - Accepted 14 December 2024


http://www.sebhau.edu.ly/journal/jopas

Exposure to Abamectin affected early embryonic development and caused changes in erythrocytes in chicken embryos......... Kawakeb&Bushra.

@3 ozl (e galilly Gualidl paull § ¥l paz 3 @3 cAilazdl (o SNl Gpaiall poull slazll he
oo e G agadl @ sl Slie pax @ pddll o ot Aeldl WM bl KA s
ot g ddlly Blgadl JSChg andl LIS 38US jamd @iy cmilyd (e pull Sleun pazs @3 (ruaz=dll
dl g3 eSO (el o ) dwlyudl sia (e Lple Jssamdl @ @l mlidl pdd Gigsadl szl
pdl l,S g gaadl Aue ¥l (49859 alall SN 3 HH35 9 HH29 cnil> Ll 3 danr Wl gaill lag il

ASAN 8oL ae lag bl s su> it ¢ | el

1. Introduction

Abamectin (ABM) is a bioinsecticide widely used in agriculture to
protect crops such as citrus fruits, pears, apples, potatoes, tree nuts,
and various vegetables. ABM is derived from avermectin, a compound
obtained from the soil bacterium Streptomyces avermitilis. It consists
of two main components: the predominant avermectin Bla (80%) and
the less abundant avermectin B1lb (20%). Both components share a
structural arrangement featuring a 16-membered ring [1,2]. ABM is
neurotoxin and exhibits deworming and insecticidal effects via
inhibition of the inhibitory and excitatory postsynaptic potential of
neuromuscular junctions [3]. Exposure to ABM increases chloride ion
concentrations, leading to polarization in nerve and muscle cells. This
disruption in neuromuscular transmission ultimately causes mortality
[4]. Long-term exposure to pesticides containing ABM in humans
leads to the accumulation of 1.3 pug/L of ABM in the plasma [5]
Concerns are growing about the potential impacts of ABM on living
organisms, as significant amounts of this substance may affect non-
target organisms, including humans. While research has often focused
on mammals to study ABM's pharmacokinetics, chicken embryos
have also been utilized as models for drug delivery in various studies
[6]. For instance, a study on zebrafish demonstrated that ABM can
temporarily reduce neurotransmission activity in developing embryos,
a phenomenon potentially mediated by the GABA receptor [7].
Another study assessing ABM’s impact on sea urchin gametes
revealed its high toxicity, as evidenced by its lytic activity on eggs and
sperm, which interfered with gamete fusion and significantly reduced
sperm motility [8]. The effects of ABM toxicity on liver and kidney
functions have also been evaluated in male albino rats, revealing
elevated levels of AST, ALT, ALP, total bilirubin, triglycerides,
cholesterol, creatinine, and urea, alongside decreased albumin levels.
These findings suggest adverse physiological consequences and
identify potential biomarkers for monitoring ABM toxicity in
mammals [9]. Similarly, studies have shown that low ABM
concentrations cause severe physical abnormalities in female Coturnix
japonica quail erythrocytes, with dose-dependent effects [10]. Sardar
and colleagues observed that injecting ABM into fertilized eggs
resulted in atypical traits, including reduced growth rates, delayed
hatching, and physical weakness in chicks [11].

Moreover, ABM has been linked to infertility in farmers due to its
widespread use as a pesticide and insecticide [12]. Current scientific
understanding of early hematopoiesis in vertebrates is primarily
derived from experiments conducted on the avian embryo. The onset
of primitive hematopoiesis in the chicken embryo initiates within the
blood islands of the yolk sac on the second day of incubation. During
this period, the production is limited to erythrocytes and thrombocytes
[13,14]. Studies on chick embryos revealed dose-dependent effects,
particularly on erythrocyte morphology, emphasizing ABM’s
teratogenic potential in non-target organisms. It also causes physical
debility, paralysis, and suppression of acetylcholinesterase, a
biomarker for pesticide toxicity, resulting in physiological and
morphological alterations in avian species and potentially other
vertebrates [15]. A recent study further demonstrated that ABM
treatment disrupted protein synthesis during embryogenesis in Argas
eggs [16].

The increasing concern over the potential effects of ABM on living
organisms, particularly humans, has led to research exploring the use
of chicken embryos as a drug delivery mechanism [17]. The
chorioallantoic membrane is utilized for efficient drug administration,

overcoming the high costs, ethical concerns, and challenges of
establishing and evaluating mammalian models [18]. Chicken
embryos are increasingly used as a significant animal model in
experimental research due to their accessibility, short embryonic
development duration, genomic information accessibility, and cost-
effectiveness [17]. Very recent study showed that abamectin, a
common pesticide, significantly impacts zebrafish gonads, causing
significant histopathological changes in ovarian and testicular tissues,
including increased atretic oocytes, vacuolization, cortical alveoli
hypertrophy, and structural damage [19]

2. Materials and Methods.

dissolving 0.5 g of ABM in acetone and distilled water. This solution

was tested on embryos at doses of 0.01 mg/kg and 0.05 mg/kg [11]. A

total of 160 fertilized Gallus gallus chicken eggs were obtained from

a local agricultural facility and divided into two groups of 80 eggs

each.

The first group was injected on the first day of incubation and further
divided into four subgroups: a control group with no treatment, a group
injected with distilled water, and two groups injected with ABM at
different concentrations. Each subgroup contained 10 eggs. The second
group, injected on the third day of incubation, was divided in the same
manner.

Fertilized chicken eggs Gallus gallus were, obtained from the local

farm, in the Karsa / Darna area in eastern Libya. Before incubation,

eggs were sterilized by 70% ethanol alcohol. Location of blastodisc

and air sac on each egg were marked on the shell using candling, were

placing eggs on a light source so that it shows us a position of embryos

as well as an air sac. ABM injections Before incubation, the eggs were

left at room temperature and punctured at the blunt end of the egg, and

about 1.5 to 2 ml of albumin was withdrawn to allow the embryo to

float away from the eggshell and ABM (0.01, 0.05 mg/kg) were

injected in sac with 0.60 mm diameter needle (size 23g x 1.1) ,

injection were created in two different stages, in zero day and in third

day of incubation. After injection, the holes in the eggs were sealed

with tape and the eggs were incubated at temperature 73-37.5 oc and

85% humidity to continue developing [20]

After the incubation embryos were collected at each desire stag, the

eggs were removed from the incubator, the upper surface of the shell

was opened with micro scissors , the embryos were transferred by

spoon to Phosphate-buffered salexaminations, petri dish , and micro

scissors was used them to remove excess embryonic membranes, and

the embryos were examined under a dissected microscope to detect

morphological defects, the embryos were photographed by digital

camera (olympus) And then put in 10% formalin for further
examinations , after the incubation period 12 days blood samples were

took from the chicken embryos for the observations of changes in the

form of red blood balls

Using a 15 cm curved tip dissection penset, the eggshell was removed,

and then a 12 cm extra pointed penset was used to carefully remove

the inner shell membrane. The embryo was then put on an inoculation

free plate. A 15 cm curved tip dissection penset was used to swiftly
remove the amniotic membrane around the embryo. After positioning

the chick embryo in a supine position, sterile scissors were used to

sever its sternum and ribs. In the center of the thoracic cavity was the

heart, encircled by a pericardium. Using a 12-cm extra pointed penset,

the pericardium was thoroughly dissected. Every chick embryo had a
beating heart. Next, a 30GX13 mm mesotherapy needle was affixed to
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the disposable 1 ml insulin syringe's tip to extracting blood from the
heart. [21]

Five grams of agarose were dissolved in 100 ml of water and put it in
amicrowave. An agarose was poured into Petri dishes and left at room
temperature to set, then stored until to use for photographing (Saad,
2013).Fixed embryos were photographed on the top of the agarous
plate by digital camera fixed on optical technology dissected
microscope. Photos of whole embryo; Head, limbs and trunk region.
Before injection, eggs were punctured at the blunt end to withdraw
albumin, and ABM was injected into the air sac using a needle.

The puncture sites were sealed with tape. Eggs were incubated at 37—
37.5°C and 85% humidity to allow for further development.

Embryos were collected after incubation, opened, transferred to PBS,
examined under a dissecting microscope, photographed, and fixed in
10% formalin. Blood samples were taken on the twelfth day of
incubation to observe changes in red blood cells. The embryos were
placed on an inoculation-free plate, where the heart was dissected.
Blood was extracted from the beating heart using a 30GX13 mm
needle to ensure accuracy. For the blood smear preparation, the
eggshell and inner membrane were carefully removed using 15 cm
curved-tip dissection scissors.

Agarose Preparation: 5g of agarose was dissolved in 100ml water,
microwaved, poured into Petri dishes, and set for later use in
photographing.

Fixed embryos were photographed on an agarose plate using a digital
camera mounted on an optical dissecting microscope. Images of the
whole embryo, head, limbs, and trunk regions were captured for
analysis.

3. Results

3.1. The Injection at Zero-Day:

The effects of ABM at a concentration of 0.01 mg/kg on the
morphology of chicken embryos collected at developmental stages
HH29 and HH35 revealed significant findings. The fertility rate was
100% across all groups, indicating good egg quality. The survival rate
in the control and distilled water groups was also 100%, with no
recorded deaths.

However, embryos exposed to ABM exhibited decreased survival
rates, with 70% surviving at HH29 and 60% at HH35. Importantly, all
surviving embryos exposed to ABM showed malformations.

100%
80%
60%
40%
20% I ‘
0%

Control D.Water Treated Control D.Water Treated
HH29 0.01 35 0.01

mSurvival ®mDeath ®Fertility = Malformation
Fig. 1: The percentage of survival, death, fertility and malformation

of embryos injected with 0.01 mg/kg ABM in stages HH29 and HH35.

The effect of ABM at a concentration of 0.05 mg/kg on the
morphology of chicken embryos collected at HH29 and HH35:

The study found that in embryos collected at HH29 and HH35, the
fertility rate was 100% in all groups, which is means egg quality was
good, the survival rate was 100%, and the death rate was 0% in control
and distal water groups. While ABM treatment leads to 60% in HH 29
and 100% in HH 35.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0

Treated D.Water Control Treated D.Water Control
0.05 35 0.05 29

X

W Survival M Death Fertility ® Malformation
Fig. 2: The percentage of survival, death, fertility and
malformation of embryos injected with 0.05 mg/kg ABM in

stages HH29 and HH35.

The control group without any treatment demonstrated typical growth
features, such as bent elbow wings, longer second digits, shallow
grooves, knee bends, distinct toes, visible fifth toe rudiment,
prominent beak, and the absence of an egg tooth, as depicted in (figure
3 A). The positive control group, which received distilled water
injection, displayed similar normal growth characteristics as the
previous group, as illustrated in (figure 3A). The group treated with
ABM at a concentration of 0.01 mg/kg exhibited changes in the
midbrain, blood accumulation in the heart red arrow in Figure 3C, and
a reduction in the length of limb buds compared to the normal length
of control embryos yellow arrow head figure 3C. Additionally,
treatment with ABM in embryos collected at a later stage (HH 35)
resulted in the death of all embryos in this group.

Injection in zero day
CONT DW ABMo.omglkg  ABM 0.05mg

Fig 3: The effect of ABM at a concentration of 0.01 mg/kg and 0.05
mg\kg on embryo growth at different stages. Control (HH29 (A);
HH35 (A"), distal water (HH29 (B); HH35 (B'), treated by abamectin
(HH29 (C), HH35 (C"); red arrows point to the eye and heart.

3.2. The Injection on the Third Day

Effect of ABM at concentrations 0.01 mg/kg and 0.05 mg/kg on
chicken Embryos at (HH 31 and HH35).

In this experiment, eggs were incubated for three days then injected
with ABM in two concentrations 0.01 and 0.05 mg/kg, then collected
at HH 31 and HH35. The results showed that the rate of fertility in all
groups and treatments was 100% survival rate was 100% in control
and distal water groups. While it was 80% and 70% in HH31 and
HH35 respectively figure (4). The malformation rate was zero in
control and distal water groups, while it was 100% in all survived
embryos in both stages. Death rate was 50% and 80% in HH31 and
HH 35 respectively in treatment with 0.05 mg/kg figure (5).
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X

W Survival H Death Fertility —® Malformation
Fig. 4: The percentage of survival, death, fertility and malformation
of embryos injected with 0.01 mg/kg ABM in stages HH31 and

HH35

100%
90%
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70%
60%
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40%
30%
20%
10% I I

0%

Treated D.Water Control Treated D.Water Control
0.05 31 0.05 HH 35

B Survival H Death Fertility —® Malformation
Fig. 5: Histogram showing the percentage of survival, death, fertility
and malformation of embryos injected with 0.05 mg/kg ABM in

stages HH31 and HH35

Injection of ABM on the third day of incubation at concentrations of
0.01 mg/kg and 0.05 mg/kg, with embryo collection on the ninth day,
resulted in survival rates of 70% and 20% respectively, in comparison
to 100% survival rate of the control and distilled water-treated
embryos. Malformation rates were recorded at 70% and 20% for the
respective concentrations, indicating that all surviving embryos
exhibited malformations, as depicted in (Fig 9). Embryos treated with
ABM on the third day and collected on the ninth day of incubation
displayed morphological differences, such as the absence of a
developed beak and reduced mass and head diameter compared to the
control group.

Injection in day three

D.W ABM o.oomg/kg  ABM 0.05mg/k

Fig 6. shows the effect of ABM at a concentration of 0.01 mg / kg
and 0.05 mg\kg on embryo growth at different stages. Control (HH31
(A); HH35 (A", distal water (HH34 (B), HH 35 (B"); treated by
abamectin (HH31 (C), HH35 (C"); red arrows point to the eye and
heart.

The findings of the current study indicated that both concentrations of
ABM have an anti-angiogenic effect as they strongly inhibit the
development of new blood vessels, and blood vessel damage was seen
in treated eggs, control showed a thick network of blood vessels. The
results showed that ABM caused abnormal angiogenesis, enlarged
vessels and hemorrhage (Fig 7 B' and B"), and vessels atrophy (Fig 7
D'and D"), and dotted hemorrhage.

Effect of ABM on blood vessles
ABM o.oimg/kg ABM o.05 mg/kg

BT NN

~

Day-three

47
-

B” «i' 58 :4

Fig 7: shows the effect of ABM at a concentration of 0.01 mg/kg and
0.05 mg/kg on the growth of blood vessels in various injections time
(day zero and day three). Control (A HH29), treated with 0.01 mg/kg
(B HH29) treated with 0.05 mg/kg (HH29 D) and (Control (A" and
A" HH35), treated with Aba 0.01 mg\kg (B' and B" HH35), treated
with Aba 0.05 mg\kg D' and D" HH35).

The blood cells staining process facilitated the differentiation between
cellular components, allowing for a clearer observation of the
structural characteristics of the red blood cells. Giemsa staining
provided valuable insights into the cellular architecture of the blood
samples. The distinct coloration of the nuclei and cytoplasm, along
with the preservation of cell shape. The examination of red blood cells
(RBCs) under light microscopy indicated that the control samples
frequently exhibited a purple-stained nucleus, while the cytoplasm
displayed a pink hue, maintaining a uniform

surface morphology. The nucleated cells retained their characteristic
biconcave structure and oval configuration. The nuclei of the cells
were centrally located and consistently presented an oval shape. This
morphological consistency is crucial for the identification and analysis
of various cell types within the blood smear as shown in figure (8 A
red arrows). embryos exposed to ABM showed a higher amount of
nuclear

abnormalities when compared to the control group, treated groups in
figure 8 (B C, D, E and F) it showed a reduction in erythrocyte density
in the field of microscope comparing with control also showed
changes in cells and nuclei in shape (CSH), in fig 12 (B, C, D, E and
F), binucleated erythrocytes BN in (fig 8 B). In addition to immature
red blood cells (IM) in fig 8 (F), eight shaped nuclei (ESH) in fig 8

(B).
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Fig 8: shows change shape erythrocytes CSH, Binucleated nucleus
BN, eight shaped ESH nucleus, moved nucleus MN, indented
nucleus IN, immature nucleus IM.

4.Discussion

The application of Abamectin (ABM) has increased significantly in
recent years. While it offers many benefits in agricultural pest control,
it also poses potential risks to non-target organisms [17]. ABM has
been shown to adversely affect various animal species. Chick
embryos, due to their genetic and anatomical similarities to humans
and their concise developmental timeline, serve as valuable model
organisms for studying toxicological effects [18].

This study aimed to examine the impact of ABM on the overall
development of chick embryos and its cytotoxic effects on red blood
cells. The findings demonstrated that exposure to 0.01 mg/kg of ABM
caused significant developmental abnormalities, including damage to
blood vessels, cardiac rupture, impaired vascular development, poor
limb formation, reduced embryo size, and the absence of feather germ
layers. These effects became more severe as the ABM dosage
increased.

Previous research by Celik-Ozenci et al. indicated that ABM
suppresses neuronal mitochondrial function and increases CASPASE-
3 and CASPASE-9 activities, which are hallmarks of apoptosis. They
proposed that tissue damage induced by ABM might result from PARP
activation triggered by oxidative stress [22]. The lipophilic nature of
ABM likely contributes to its accumulation in embryonic tissue, as
observed in the present study, suggesting that direct pesticide exposure
to tissues underpins its detrimental effects on embryonic development.
Research conducted by Taha and Mohamed further demonstrated that
ABM  suppresses  acetylcholinesterase  activity,  disrupting
physiological systems and impeding organ development [15].
Similarly, the inhibition of acetylcholinesterase in the brain tissue of
Gallus gallus embryos treated with insecticides has been associated
with disrupted chemical processes essential for normal physiology,
ultimately causing notable morphological alterations [23].
Hematological parameters, particularly blood cell morphology, are
well-established biomarkers for assessing the environmental impacts
of chemicals [24]. This study revealed that ABM exposure resulted in
significant changes in erythrocyte morphology and increased

irregularities in erythrocyte nuclei, highlighting ABM's cytotoxic and
genotoxic potential. While ABM is widely used as a biopesticide in
both veterinary and human contexts, its potential to induce
genotoxicity and cytotoxicity warrants further investigation. Previous
studies using various cellular models have demonstrated that even low
pesticide concentrations can harm genetic material [25-27]. Future
research should focus on examining the clastogenic effects of ABM
through comprehensive in vitro and in vivo studies.

5. Conclusion

This study demonstrated that ABM exposure leads to significant
developmental abnormalities in chick embryos, including
malformations in morphological development, changes in blood cell
morphology, and increased irregularities in erythrocyte nuclei. These
findings underscore the cytotoxic and genotoxic effects of ABM.
Although ABM is a globally popular biopesticide, its potential risks to
genetic and cellular integrity remain insufficiently understood. Further
research is needed to fully elucidate its toxicological profile and
potential long-term impacts on non-target organisms.
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