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ABSTRACT: Avian-derived IgY is thought to be the best therapy for scorpion bites concerning low-level side effects. The present study
analyzed a hypothesis about the neutralization of scorpion venom Androcotonus australis through antibodies produced in the egg yolks
of chickens. The venom used for inoculation was obtained from Androctonus australis (yellow fat-tailed scorpion) from southern Punjab,
Pakistan. The lethal dose of LD, against scorpion venom was calculated in chickens and mice. Safe doses were given to egg-laying chickens
to produce IgY antibodies. The antivenom IgY antibodies were extracted from the egg yolks of immunized chicken using the polyethylene
glycol (PEG) method. Moreover, IgY was confirmed through sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
the Ouchterlony double immunodiffusion assay test. The antibody titers were evaluated by the enzyme-linked immunosorbent assay (ELISA).
The neutralisation capacity of extracted anti-scorpion antibodies was tested on mice. The calculated LD, of scorpion venom for chicken and
mice was 4 mg/kg and 2.5 mg/kg, respectively. SDS-PAGE and Ouchterlony double immunodiffusion confirmed the presence of IgY against
scorpion venom. The maximum titer value of specific IgY produced against scorpion venom was 3.5 ug/ml. A concentration of 220 ul/LD,;
was effective to neutralize 1 mg of scorpion venom. It is suggested that IgY obtained from egg yolks is safe against targeted venom and can be
used as an effective alternative to equine IgG antibodies against scorpion envenoming.
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Extracdo e quantificacio de anticorpos entivenenos em ovos de galinha contra veneno de escorpiio

RESUMO: Acredita-se que a IgY derivada de aves seja a melhor terapia para picadas de escorpido em relagdo aos efeitos colaterais. O
presente estudo teve como objetivo analisar uma hipotese sobre a neutralizagdo do veneno do escorpido Androcotonus australis através de
anticorpos produzidos na gema de ovos de galinhas. O veneno usado para inoculagio foi obtido de Androctonus australis (escorpido amarelo
de cauda gorda) do sul de Punjab, Paquistdo. A dose letal de LD50 contra veneno de escorpido foi calculada em galinhas e camundongos. Doses
seguras foram dadas a galinhas poedeiras para produzir anticorpos IgY. Os anticorpos antiveneno IgY foram extraidos das gemas de ovos de
galinhas imunizadas pelo método do polietilenoglicol (PEG). Além disso, a IgY foi confirmada por eletroforese em gel de poliacrilamida e
dodecil sulfato de sodio (SDS-PAGE) e pelo teste de imunodifusdo dupla de Ouchterlony. Os titulos de anticorpos foram avaliados pelo ensaio
imunoenzimatico (ELISA). A capacidade de neutralizagdo dos anticorpos anti-escorpido extraidos foi testada em camundongos. A LD50
calculada do veneno de escorpido para galinhas e camundongos foi de 4 mg/kg e 2,5 mg/kg, respectivamente. SDS-PAGE e imunodifusio
dupla Ouchterlony confirmaram a presenga de IgY contra veneno de escorpido. O valor maximo do titulo de IgY especifico produzido contra
veneno de escorpido foi de 3,5 ug/ml. Uma concentragdo de 220 ul/LD50 foi considerada eficaz para neutralizar 1 mg de veneno de escorpido.
Sugere-se que a IgY obtida da gema do ovo seja segura contra o veneno direcionado e possa ser usada como uma alternativa eficaz aos
anticorpos IgG equinos contra o envenenamento por escorpides.

Palavras-chave: veneno de escorpido, frango, anti-veneno, IgY, eutralizagdo, Mic.

INTRODUCTION

Some parts of the world contain highly
venomous scorpion species, thus a high rate of
mortalities from scorpion stings and because of
poor medical assistance in remote areas of the
world enhance mortality. Scorpions are the most
venomous arachnids (GOMES et al., 2010). There are
approximately 2000 described species of scorpions,
including 50 species that are dangerous due to
their neurotoxic venoms (REIN, 2017). Scorpion
venom has anti-inflammatory, anti-microbial effects
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(HARRISON et al., 2014). Scorpion stings are less
life-threatening but more painful. Children and
old people are more vulnerable to scorpion stings.
However, about 25 species are recognized as a serious
threat because of their venom, which can kill humans
through stings (POLIS, 1990). All identified species
of scorpions have venom, which they use during
foraging to paralyse or kill their prey. Androctonus
australis, commonly known as the yellow fat-tailed
scorpion, is found in the deserts of Pakistan. It is one
of the world’s most perilous species, and its sting is
lethal to humans. The venom of this scorpion is so
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powerful that it can kill an adult within two hours.
Moreover, its antivenom is not available in Pakistan
(SELDON, 2018). It is imported from India and is not
too effective against local scorpions in Pakistan.

The first antivenom serum was produced in
1894, and to date, the only medically proven treatment
for venom is polyvalent antiserum. The production
of antibodies involves the injection of venom into
horses, sheep, pigs, rabbits and guinea pigs and the
subsequent collection of blood, but demand for
antibody production is increasing, as are their uses
against venom through new approaches (RUDIGER
et al., 2005). Immunoglobulin Y (IgY) is a major
antibody in the blood of reptiles, birds and lungfish. This
antibody is also found in high quantities in the egg yolks
of chicken. IgY is a protein produced by the immune
system in response to external particles. Chickens
are known to produce antibodies against conserved
mammalian proteins and peptides much more efficiently
than mammals. This makes the chicken the best choice
as a host when working with humans (PEREIRA et al.,
2019). Chickens are favoured for antibody production as
they lay eggs daily and IgY can easily be extracted from
egg yolks, while in the case of mammals such as goats,
sheep or horses, extraction of antibodies from blood is
a difficult and laborious process. The concentration of
IgY is much higher in egg yolks compared to serum.
Thus, by immunizing chickens, we have access to a
generous source of antibodies solely by collecting eggs
(CHUANGIING et al., 2003.

In the last 20 years, chickens have
replaced mammals to produce antibodies through
eggs as it removes the need to repeatedly take
blood samples (POLIS, 1990). Chickens are a
cheap and easy source of antibodies (BIZHANOV
et al., 2004). Antibody production in chickens has
two advantages. First, it reduces the number of
animals treated because chickens produce a much
higher concentration of antibodies than smaller
mammals. Secondly, the purification of antibodies
from egg yolks eliminates the need to take blood.
However, chickens are less commonly used despite
being an excellent producer of antibodies. Limited
knowledge is available regarding procedures and
applications of IgY in comparison to IgG antibodies
(LARSSON et al., 1993).

The current study produced antibodies
against scorpion venom in chickens, extracted from
eggs. It is a cost-effective method, easy to use and
more effective against local species of scorpion in
Pakistan. The main objective of the study was the
detection and quantification of antivenom antibodies
in the yolks of chickens’ eggs and the determination

of the efficacy and potency of extracted antibodies
against scorpion venom in model animals.

MATERIALS AND METHODS

Animals

Domestic chickens (Gallus domesticus),
weighing 800 grams at 20 weeks old, and mice weighing
20-22 grams were obtained from the market. Fifteen
chickens were used for immunization. Ten egg-laying
chickens were used as experimental birds and five
were taken as control. The experimental birds were
divided into two groups, G1 and G2, each containing
five birds. Scorpion venom obtained from the locally
available scorpion Androctonus australis (yellow fat-
tailed scorpion), preferably from Cholistan and adjoining
areas of Multan (southern Punjab), was preserved in
10% formalin. Adult inbred chickens vaccinated against
common poultry diseases were purchased from the
government poultry station at the bird market at Ghanta
Ghar Chowk, Multan. Swiss albino female mice were
maintained atthe animal house and usedasmodelanimals
for testing the antibodies’ efficiency. All the animals were
maintained at the animal house in the biological garden
of Bahauddin Zakariya University (BZU), Multan under
standard conditions and were provided with food and
water ad libitum. All the experimental protocols were
approved by the departmental research ethical committee
of the Institution of BZU, Multan under university rules
(No Biol 4098, dated 02-11-2020).

Venom extraction from scorpion stings

The sting was snipped off from the last
segment of each scorpion’s tail with a pair of scissors.
The venom glands and sting were dried for two days in
the sunlight, brought back to the research laboratory of
the Institute of Pure and Applied Biology, BZU, Multan,
and placed over calcium-chloride in a desiccator. The
dried stings and venom glands were ground to a fine
powder in the pestle mortar and 0.8 ml saline solution
was added in the ratio of one sting to 1 cc of saline
solution. Scorpion venom is neurotoxic. The protein
concentration of venom was calculated to be 16 ug/ul.

Development of antivenom antibodies in chicken

The first group of chickens, G1, was primed
with scorpion venom at a dose rate of 3 mg/kg, while
the second group, G2, was injected with scorpion
venom at a dose rate of 3.5 mg/kg. The control group
was treated with normal saline. No adjuvant was used.
Sterile needles and syringes were used to reduce the
risk of microbial contamination of injected tissues.
Chickens were injected with scorpion venom solution
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subcutaneously at a site in the pectoral muscles. A
booster dose of venom was given 15 days after the
first dose, followed by a second booster dose on the
thirtieth day after the first dose.

Isolation and extraction of antivenom antibodies from
egg yolks

Isolation and extraction of antibodies from
egg yolks were performed by using PEG 6000 (POLSON
etal., 1980). The detailed method is attached as a separate
sheet. The extracted samples were stored at -20 °C.

Ouchterlony double immunodiffusion

The confirmation of specific antibodies
was completed by using the Ouchterlony method
(OUCHTERLONY,, 1962). First, 8 ug (20 ul) venom
and 8 ug (20 ul) antibodies were loaded. Then, the
binding of antigens and antibodies was examined.

SDS-PAGE analysis

Using  SDS-PAGE, proteins  were
segregated by their molecular weight larger than 10
KD following the Laemmli method (LAEMMLI,
2011); then, 10 ul molecular markers and 10 ul
antibodies were loaded into each well in the gel for
SDS-PAGE analysis under reducing conditions.

Indirect ELISA

Antivenom titer was assessed by indirect
ELISA. For titer analysis, microtiter plates were
first coated with 20-150 ul/well scorpion venom
solution with 200 ul/well coating buffer (carbonate
and bicarbonate buffer 0.05M, pH 7.4) for one hour
at room temperature or overnight at 4 °C (ambient
temperature). Wells were washed five times with
PBS-T 200 ul/well. After washing, non-binding sites
were blocked with 2% nonfat dry milk in PBS-T for
two hours at room temperature. After blocking, wells
were washed five times and antivenom (IgY) was then
added with appropriate dilution and incubated at 37 °C
for one hour. After one hour, wells were washed five
times with PBS-T, and 200 ul secondary antibodies

rabbit anti-chicken IgY conjugated with horse reddish
peroxidase (1:1000 dilution) was added to each well
and incubated at 37 °C for one hour. After one hour of
incubation, wells were washed five times and 150 ul of
TMB (MP Biomedicals, Cat. No. 152346) was added
to each well. After 30 minutes, with the development
of enough colour, the reaction was stopped by adding
3M H,SO, 50ul/well. The plate was read by an ELISA
reader at a wavelength of 450, and OD, was obtained.

Protection test to evaluate the efficacy of extracted
antibodies (ED 50)

The median lethal dose (LD,) for the
venom of the targeted scorpion was evaluated in albino
mice weighing 20-22 grams. In vivo neutralization of
the lethal toxicity of the scorpion venom was assessed
by mixing equal volumes of LD, of scorpion venom
(2.5 ug/kg) with varying concentrations of neat and
diluted IgY and kept for one hour at 37 °C. Four mice
were used for each dilution, and a 0.5 ml dose was
injected intravenously into each mouse for a fast
reaction. Mice were observed for 48 hours and 96
hours (standard time) for survival or death.

RESULTS

Antivenom production by immunising chicken
Venom dose

Both experimental groups were treated with
different venom doses, and two booster doses were
given to each treated group after 15 days (Table 1).

Collection of eggs

Eggs were collected daily, labeled from
day zero to day 45 (up to six weeks) in both groups
and stored at 4 °C for future use.

Extraction of IgY by precipitation with polyethylene
glycol-6000

IgY antibodies were purified from egg yolks
by precipitation with PEG-6000 (Polson method).
After purification, IgY was dialysed overnight by

Table 1 - Venom dose (mg) for immunization of chicken G1 represent group 1 of experimental chicken treated with 1%dose and two
booster doses of scorpion venom. G2 represent group 2 of experimental chicken treated with three doses. Control group was
kept under control conditions. Mg/kg represent the milligram per kilogram.

Sr. no. Experimental groups (1* day)
1 Gl 3

2 G2 3.5

3 Control Nil

1st Immunization dose mg/kg

2" Immunization dose mg/kg 3rd Immunization dose mg/kg

(day15) (day 30)
3.5 4
4 45
Nil Nil
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dialysis membrane (MWCO 25 kDa) against 1% saline
on a magnetic stirrer with gentle stirring. On the next
day, the saline was replaced with 1X PBS of pH 7.4 for
one hour. After dialysis, IgY was centrifuged through
an ultrafiltration spin column (EZ-10 spin column) to
remove contaminants and stored at 4 °C. Purity was
checked by protein assay by using a nano-photometer
(DESJARDINS et al., 2009).

SDS-PAGE analysis

A reduced SDS analysis was done for
confirmation of purified IgY. Treated groups were
categorized to run on gel, and purified IgY was taken at
days 15, 30 and 45 from both treated groups. Samples
were prepared and loaded on gel that was running for

three hours. Later, the gel was stained overnight with
Coomassie Brilliant Blue R-250 Dye and then destained
with a destainer for two to three hours before final
observation under an ultraviolet lamp. SDS-PAGE
analysis indicated the presence of IgY. Arrows showed
two bands, one heavy chain band of 68-65 kDa and one
light chain band of 25 kDa. Some additional bands were
recognized, which were thought to be the product of
the vitellogenin component.

Figure 1- (a, b) SDS-PAGE analysis (12%
gel under reduced conditions) of IgY antibodies after
purification and dialysis: (a) indicates IgY from G1
and (b) indicates the IgY from the G2 group. Lane 1
molecular weight marker, Lanes 2-6 purified IgY on
day 15, Lanes 6-11 IgY on day 30. Arrows indicate

kda) of IGY antibodies.

Figure 1 - (a, b). Figure 1.(a,b) SDS polyacrlamide gelelectrophrosis anaylsis (12% gel under reduced
conditioin) of IgY antibodies after purification and dialysis. (a) indicate IgY from G1 and (b)
indicat the IgY from G2 group. Lane 1 molecular weight marker, lane 2-6 purified IgY at day
15", lane 6-11 IgY at day 30. Arrows indicates heavy chain (68-65 kda) and light chain (28-25
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heavy chain (68-65 kDa) and light chain (25 kDa) of
IgY antibodies.

Double immunodiffusion method

The presence of an opaque precipitant line
between antibody and antigen wells was an indication
of antigen-antibody interaction. The absence of a
precipitant line suggested the absence of any reaction.

Below is the representation of purified
antibodies at 35 days for each hen from the G1 and
G2 groups, with H representing individual hens.
Wells 1-5 contained antivenom IgY of 35 days from
five chickens, while the central well contained 8 ug
(20 ul) pure scorpion venom (Figure 2).

In figure 3, Well 1 contained antivenom
lgY from day 20 from the G1 group, while Well 2
contained antivenom IgY from day 20 from the G2
group. Well 3 contained antivenom IgY from day 30
from the G1 group, while Well 4 contained antivenom
lgY from day 30 from the G2 group. Well 5 contained
antivenom lgY from day 45 from the G1 group, while
Well 6 contained antivenom IgY from day 45 from the
G2 group. The central well contained 8 ug (20 ul) of
pure scorpion venom. The above picture indicates that no
precipitation lines were observed in the plate containing
the venom and IgY extracted from the control group
chicken, while all experimentally treated plates showed
purified antibodies from immunized chickens.

Figure 2 - (a, b) Detection of antivenom IgY against yellow fat tailed scorpion by double
immunodiffusion in (a) Glgroup and (b) G2 group at day 35™.
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Analysis of ELISA

Antivenom  titer was assessed by
indirect ELISA in which titers of antivenom were
estimated by two methods. The first was through a
serial dilution factor and the second was a weekly
evaluation of antivenom titers. In the serial dilution
method, a 1/2x factor was used to make dilutions. An
amount of 16 ug/ml venom was used to coat the wells
of ELISA plates and a 1/2x dilution factor was used
to evaluate the IgY titers. The first dilution of 1/2x
showed the maximum concentration of antivenom.
With the gradual increase in dilution, minimum levels
of antivenom were observed in both experimental
groups. (Figure 4- a, b).

Weekly titer evaluations of IgY

Another method for estimation of
antivenom titers was performed in which the titers
of antibodies were compared weekly with the control
group (Figure 5).

In the graph, the blue line represents
the control group while the orange line represents
the samples from the Gl group and the grey line
indicates the samples from the G2 group. When
compared weekly, control bird samples were found
with almost zero concentration of antibodies, in contrast
to immunized chickens. The G1 group showed an

antivenom titer value of up to 3.1 ug/ul in the sixth
week. The G2 group received a high dose of venom
and showed an antivenom titer value of up to 3.4 ug/
ul in the sixth week. This indicated that high venom
dose inoculation triggered the production of more
antivenom in the G2 group compared to the G1.

Antivenom effectiveness test: protection test

In vivo neutralization of lethal toxicity
of scorpion venom was assessed by mixing equal
volumes of LD, of scorpion venom (2.5 ug/kg) with
different concentrations of neat and diluted IgY and
kept for one hour at 37 °C. Four mice were used for
each dilution and 0.5 ml of pure venom was injected
intravenously into each mouse. Mice were observed
for 48 hours and 96 hours to analyse their survival or
death, according to standard procedure.

ED 50 was determined in three groups of
mice with four mice in each group: 2.5 ug/kg venom
(LD,,) was added to different concentrations of antivenom
(220, 200, 180 ug/ul) and mixtures were injected into
each group of mice. The following results were obtained.

A dose of 220 ul antivenom was enough
to completely neutralize the toxicity of the LD,
venom dose and all the mice survived. The prepared
antivenom was safely able to provide 100% survival
against venom in the ED50 assessment assay (Table 2).

45" days in G2 group.

Figure 3 - Detection of anti-scorpion venom IgY against yellow fat tailed scorpion by double immunodiffusion at day 15%, 30", and
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treated group.

Figure 4 - (a, b) Representation of serial dilution of antivenom titers for the samples of G1 and G2

DISCUSSION

The present study pronounced the
production of viable and safe antivenom against
scorpion venom using the egg yolks of chickens.
During the experiment, chickens were immunized
with 2-3.5 ug/kg of scorpion venom (antigen)
following two booster immunizations (Table 1), and
a good immune response was observed as enough
IgY was extracted from immunised chicken eggs. The
above findings are in line with the studies conducted by
AMINA et al. (2018). For IgY antivenom separation,
purification and characterisation from egg yolks, PEG
was employed as suggested by POLSON et al. (1980).

SDS-PAGE indicated the presence of two
bands of IgY in split form; one was 68-65 kDa and
the other was 28-25 kDa (Figure 1). Additionally, one
extraband of molecular weight 48 kDa was recognised,
which may be in result of contamination or impurities
resulting from the vitellogenin cleavage product. In

the gel, the bands at day 35 and day 45 showed more
thickness, which indicated the concentrations of protein
antibodies increased to maximum after the second
booster dose (Figure 1). A similar trend was obtained
when ALVAREZ et al. (2013) employed SDS-PAGE
analysis on extracted IgY against 7. Caripitensis
venom, where two bands of 68 kDa and 25 kDa were
obtained, with two additional bands of 43 kDa and 35
kDa representing vitellogenin cleavage products. LIU
et al. (2017) found two bands, one of 66 kDa and the
other of 25 kDa, in IgY samples against snake venom.
The results of the Ouchterlony double
immunodiffusion test showed sharp precipitation
lines, highlighting the strong binding of antigen
with antivenom as described by AGUILAR et al.
(2014) and PRABHU et al. (2007). The amount of
protein antigen (scorpion venom) used was 1 mg/ml,
of which 20 pl was added to the central well. Then,
20 pl antivenom (extracted IgY) was added to each
well. The formation of a precipitation line highlighted

Ciéncia Rural, v.54, n.2, 2024.
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Figure 5 - Titer evaluation of antibodies IgY against scorpion venom from control group and and
experimental group (G1 and G2) starting from week 1th to week 6™. Data indicate the
continues increase in titre concentarion of IgY of experimental group (orange and gray
line) while control group show no change in concentration of IgY (blue line).

the presence of polyvalent IgY immunoglobulins
(Figure 2). Figure 2a indicates the samples from the
G1 group on day 35, while 2b indicates the samples
from the G2 group on day 35. The concentration of
antibodies increased after the first and second booster
doses, represented by sharp lines (Figure 3). Figure
3 indicates the samples from the G2 group after the
first dose (day 15), a first booster dose (day 30) and
a second booster dose (day 45). A similar pattern
was shown by AGUILAR et al. (2014), where the
immunodiffusion test confirmed the presence of
special IgY against snake venom. Precipitation
lines specified the formation of specific antigen and
antibody complexes, where specific IgY can bind
with venom present in the central well. Their specific
line pattern indicates the interaction pattern between
antigens and antibodies. The control group extracted
antibodies failed to develop any precipitation line
with venom on the test Petri plate.

Indirect ELISA was performed to evaluate
the titers of extracted or purified IgY antibodies.

Selective samples from days 14, 28 and 45 of both
treated groups were evaluated through ELISA assay.
An increase in the concentration of IgY antibodies
was observed throughout the trial from day 14 to day
45, i.e., the end of the trial, which was assessed by
using a protein assay (DESJARDINS et al., 2009).
The maximum concentration was found in
the samples on day 45, while the minimum titer was
observed on day 14. The samples on day 28 showed
a moderate quantity of purified IgY. The titers of
antivenom were estimated using two methods: serial
dilution factor (Figure 4) and weekly evaluation
(Figure 5) of antivenom titers. The results showed that
high venom dose inoculation triggered the production
of more antivenom in chicken. AMINA et al. (2018)
presented similar results while working with the
Androcotonus austalis scorpion. AGUILAR et al.’s
(2014) research exhibited results by working with
Tityus caripitensis (a venomous scorpion) where the
increase in venom dose was directly proportional to
antivenom concentration in experimental birds’ blood.

Table 2 - Effective Dose 50 values for different venom/antivenom concentrations against scorpion venom.

?(?;é\éirtlgtrilon Venom = - Number of mice---------- - Percentage of death-----
mg/ml Mg/kg Died Alived Total

220 2.5 0 4 4 0

200 2.5 2 2 4 50

180 2.5 4 0 4 100
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A dose of 220 ul antivenom was enough to
completely neutralize the toxicity of the LD, venom
dose, or 79.1 mg antivenom was capable of neutralizing
1 mg of scorpion venom (Table 2). A similar value
was calculated by AMINA et al. (2018), who worked
with Androcotonus austalis venom with a 221 ul/LD,
effective dose (antivenom) against its venom.

According to ALVAREZ etal. (2013),an ED
50 value of about 79.8 mg antivenom against 1 mg of 70
caripitensis venom in albino mice was recorded, which
is low compared with the current study. OKZAN &
CARHAN (2009) calculated the neutralization capacity
of antivenom against Androctonus crassicauda venom
in mice and found that one millilitre of A. crassicauda
antivenom neutralised 940 LD, of 4. crassicauda
venom in mice.

CONCLUSION

We successfully prepared and purified IgY
antivenom from immunised chicken eggs and obtained
100% survival in mice without any side effects. Our
results indicated that the preparation of antivenom
IgY from chickens is important for a high yield of
specific antivenoms with minimal side effects. We
concluded that IgY may be used as an alternative to
antibodies of mammals, especially horses. IgY does
not activate the mammalian complement system and
does not cause any side effects for humans. Further
research is recommended to find applicable uses of
IgY in humans so that antivenom could be prepared
in large amounts to meet increasing demand to
reduce fatalities and side effects. Especially Pakistan
is not producing pan-specific antivenom according
to demand and has to import supplies from India
that are not fully effective and have low efficacy for
local scorpion species found in Pakistan. Due to the
advantages of IgY technology and its widespread
application equally in research and medicine, it is
expected to spread on a large scale. IgY is expected
to play a cumulative role in research, diagnosis, and
immunotherapy in the future.
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