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Chicken egg yolk antibodies against Vipera lebetina venom were evaluated for their antivenom potential. White
leghorn hens were immunized with detoxified V. lebetina venom (g-irradiated venom). The detoxified venom (200 mg)
was mixed with an equal volume of complete Freund’s adjuvant and was injected intramuscularly into the hens. The
antibodies showed high activity (1.6 LD50/mL) in egg yolks after 12 d of venom injection. The eggs were collected after
12 days, and the egg yolks were removed and washed with purified water to remove any contamination with egg
whites. The purification was performed using a method described by Maya Devi et al., followed by gel filtration
(Sephadex G-50). The purity and molecular weight of antivenom antibodies (IgY) were determined using
electrophoresis, and the molecular weight was found to be approximately 185 kDa. The potency of IgY was 6 LD50/mL
(mice), i.e., 1 mL of IgY could neutralize 43.8 mg of standard V. lebetina venom). Our results showed that chicken egg
yolk antibodies were effective in neutralizing the lethality and several pharmacological effects of V. lebetina venom and
could be used for developing effective antivenom.

Introduction

Envenoming and deaths due to snakebites are a major pub-
lic health concern in rural tropical areas of Africa, Asia, Latin
America, and New Guinea. Globally, snakebites are associated
with a minimum of 421 000 envenomings and 20 000 deaths
to as high as 2.5 million envenoming and >100 000 deaths
each year.1 Vipera lebetina obtusa (belonging to the Viperidae
family) is one of the major species that is responsible for
snakebites in most counties.2 In Iran, snakebites are often
neglected, thus resulting in high morbidity rates and health-
care costs.3 Therefore, in 2009, the World Health Organiza-
tion (WHO) prioritized improvement of healthcare quality
delivered to snakebite victims.4 Snake venom contains various
proteins with biological and pharmacological importance. In
addition, snake venom contains a complex composition of
proteolytic enzymes that belong to 2 groups: serine proteases
and metalloproteases. Enzymes belonging to both these groups
affect the hemostatic system through several mechanisms.5,6

Serine proteases are mainly found in venoms of snakes belong-
ing to the Viperidae family.7 The LD50 estimate of these ven-
oms for an animal (mice) is approximately 6.4 mg; however,
there is no report on humans.8

Most antivenoms used to treat envenoming by snakes and
scorpions are produced in horses and are purified using
methods such as salting out (ammonium sulfate fraction-
ation) and pepsin digestion.9,10 These antivenoms are capa-
ble of neutralizing the toxicity and lethality of venoms and
are often associated with significant clinical side effects
because they contain several non-immunoglobulin protein
and immunoglobulins that do not react with the venom
component.11,12 Commercial horse antivenom contains high
concentrations of non-immunoglobulins that cause various
side effects such as serum sickness and renal failure13. More-
over, immunization and purification of immunoglobulin
from mammalian blood are time consuming and expensive
and need more facilities and larger environments.14 Gener-
ally, 3 types of antivenom [IgG, F(ab’)2, and Fab] are avail-
able; of these, F(ab’)2 is used in many countries.1 The
amount of antivenom used varies with the severity of enven-
omation and from one case to another. The route of admin-
istration can be intravenous or intramuscular.15 It is
important to administer the entire initial dose of antivenom
as soon as possible based on the best estimate of severity of
envenomation. The following initial doses are recommended:
minimal envenomation, 20–40 mL; moderate envenomation,
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50–90 mL; and severe envenomation, 100–150 mL or more
generally. Administration of additional doses must be consid-
ered based on the clinical response to the initial dose and
continuous assessment of the severity of poisoning. If swell-
ing continues, severity of systemic symptoms or signs of
envenomation increases, or new manifestations appear (e.g.,
decrease in hematocrit or hypotension), an additional dose
of 10–50 mL or more is administered intravenously. In case
of severe envenomation, 200–400 mL of antivenom may be
necessary. There is no recommended maximum dose. The
total required dose is equal to the amount of antivenom
needed to neutralize the venom, as determined by clinical
response.16 The abovementioned administration schedule is
general for all snake antivenoms.

There are many reports on the development of snake
venom antibodies in chicken egg yolk against venoms of
Russell’s viper13,14 and Bothrops and/or Crotalus.17 The major
antibody in chickens is immunoglobulin Y (IgY). Klemperer
first described passive immunity in birds in 1893 by demon-
strating the transfer of immunity against tetanus toxin from
hens to chicks.18 Few reports show that IgY yield of one egg is
equal to that obtained from 300 mL of rabbit blood.19 The
quantity of antibody obtained from rabbits and chicken is
1400 and 40 000 mg per year, respectively. Studies have
shown that higher concentrations of IgY are present in egg
yolk than in serum.19

Serum IgG antibodies from immunized chickens have been
efficiently transported and accumulated in egg yolks.20,21

High antibody activity can be maintained in egg yolks for sev-
eral months by periodic immunization. Furthermore, vaccina-
tion of small animals such as chickens can be easily
performed.22

Chicken is an excellent source of antibodies, and each egg yolk
contains 8–20 mg of IgY per milliliter.23 Thalley and Carroll
prepared specific avian antivenoms by using an efficient
method.24 In another report, adult white leghorn hens hyperim-
munized with Brazilian Bothrops and/or Crotalus viper venom
produced antibodies that recognized and neutralized toxic and
lethal components of venoms.25 In 2002, Maya Devi et al.
reported the immunization of chicken by g-irradiated Vipera
venom and isolation and purification of chicken egg yolks. They
found that immunized hens produced antivenom in considerable
amounts and that g-irradiated venom was safe for immunizing
hens.

The abovementioned study described a simple method for
purifying antivenom with 90% consistency, which showed good
neutralization of venom in vitro. Antibodies were found in eggs
for up to 100 d after the immunization, and the antivenom puri-
fied from immunized chicken egg yolks was biologically
active.13,14 Chickens, as a source of antivenom antibodies, can be
used as an alternative animal system that offers some advantages
with respect to animal care, high productivity, reduction in the
number of animals required, and refinement. The present study
evaluated the effectiveness of chicken egg yolk antibodies
obtained by immunizing chicken with irradiated V. lebetina
venom.

Results

Purpose
This study aimed to produce antibodies against V. lebetina

venom in chicken eggs and develop a method to purify and eval-
uate these antibodies both in vivo and in vitro.

Toxicity of crude venom and properties of crude egg yolk
antibodies

The toxicity (LD50) of crude V. lebetina venom was 7.3 mg (as
a dry weight) per mice. Crude egg yolk antibodies were detected
using Ouchterlony double diffusion method. As shown in
Figure 1, 30 mg of venom was added to the middle well; 30 mg
of crude egg yolk from test and control groups was added to wells
1 and 2, respectively; and 30 mg of fraction 1 of purified egg yolk
was added to well 3. The results showed multiple precipitin lines
in well 1 (Fig. 1). No reaction was observed in well 2, and a spe-
cific reaction between antigen and antibody was observed in well
3. These results indicated that egg yolks contained specific anti-
bodies after hyperimmunization, as indicated by the precipitation
of Ouchterlony test venom by IgY antibodies.

The antivenom activity of crude egg yolk antibodies was ana-
lyzed by performing serum neutralization assay. The antivenom
activity was found to be 1.6 LD50/mL after 12 d of immunization.

Purification of egg yolk antibodies
IgY antibodies in the egg yolk were purified using gel chroma-

tography. The pattern of protein elution from the column is
shown in Figure 2. The pooled first peak (F1) contained 3.76%
w/v of proteins, and the second peak (F2) contained 1.56% w/v
of proteins. Quantitative affinity chromatography showed that
approximately 10.1% immunoglobulins in F1 and 3.5% immu-
noglobulins in F2 were venom specific IgY.

Figure 1. The Ouchterlony’s double diffusion profile of egg yolk antibod-
ies. middle well: 30 mg venom, wells no 1: 30 mg of crud egg yolk of test
group, wells no 2: 30 mg of crud egg yolk of control group, wells no 3:
30 mg of purified fraction 1 of egg yolk from test group.
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Results of SDS-PAGE and purity test
The purity and molecular weight of IgY were identified by

electrophoresis. A main protein band in the electrophoresis pat-
tern showed the purity of antibody, which was obtained by gel
chromatography. The immunoglobulin band intensities for F1
and F2 constituted »93% and »90% of the cumulative band
intensities on SDS-PAGE (Fig. 3). The molecular weight of IgY
(F1 and F2) was found to be approximately 185 kDa.

Potency
The antibody activity of both the fractions was evaluated

using serum neutralization assay. F1, with a total protein concen-
tration of 0.75 g/mL, showed efficacy in neutralization assays
and was able to protect animals from death. The potency of F1
was approximately 6 LD50/mL (mice) while that of F2, which
had the same protein concentration of 0.75 g/mL, was approxi-
mately 2 LD50/mL (mice) (Table 1).

Discussion

As shown in Figure 1, multiple precipitin lines in well 1 indi-
cated the presence of antibodies in the egg yolk before purifica-
tion. No reaction was observed in well 2, indicating that specific
antibodies against the venom were not present in the control
group. However, a specific reaction between antigen and anti-
body was observed in well 3, indicating that all the animals
showed good response to venom and suggesting that chicken
eggs are a good source of antibodies because they have high levels
of antibodies against V. lebetina venom. The purity of egg yolks
after the purification was determined using SDS-PAGE. As
observed in the electrophoresis pattern, IgY purified in the pres-
ent study had formed a main band and was highly pure.

Currently available antibodies are mostly mammalian mono-
clonal or polyclonal antibodies. Conventionally, larger animals
such as horse and sheep are used for producing polyclonal anti-
bodies. However, production and purification of antibodies from
the blood of these animals result in low yield, and the obtained
antibodies contain a mixture of foreign proteins that may cause
severe allergic reactions in patients. Steps involved in both the
technologies, such as (i) immunization, (ii) collection of blood
samples, and (iii) bleeding that are a prerequisite for antibody
production, cause distress to the involved animals. An average
volume of egg yolk (15 mL) contains 50–100 mg of IgY, with
2%–10% of specific antibodies. The yield of IgY is significantly
greater than the yield of polyclonal antibodies from mammals
such as horse.26

Chicken polyclonal antibodies were produced against a num-
ber of various antigens (such as Helicobacter pylori, cholera toxin
B, and different animal venoms) and can be used for various pur-
poses (such as for research, diagnosis, and therapy; as tools for
purifying or detecting antigens; and as protective agents in pas-
sive immunization). They are an excellent alternative to their
mammalian counterparts. IgY can be used in place of mamma-
lian IgG for all immunological tests. In the last 5 years, IgY has
been successfully used for passive and protective immunization
against gastrointestinal pathogens in humans and animals; as an
immunotherapeutic agent against pathogens that are difficult to
treat using traditional antibiotics; and as an useful tool in cancer
research, diagnosis, and therapy.26

Nowadays, chickens are being increasingly used instead of
mammals for antibody production. A major advantage of using
chickens is that antibodies can be harvested from egg yolks
instead of serum, thus making blood sampling obsolete. In

Figure 2. Fractionation of crud egg yolk by sephadex G-50. Fraction 1:
Tube numbers 4–21 and Fraction 2: Tube numbers 29–33.

Figure 3. The SDS_PAGE pattern of the proteins of egg yolk of test group
before and after purification. Standards (protein Mw marker), Egg yolk
(Crud egg yolk), F1 (Fraction 1), F2 (Fraction 2).
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addition, antibody productivity of an egg-laying hen is much
higher than that of a similar-sized mammal.27

Michael et al. reported that chicken egg yolk antibodies can
be considered as an alternative to mammalian antibodies. IgY
antibodies in chicken blood are transferred to eggs and accumu-
late in the egg yolk in large quantities. Yolks of eggs laid by
immunized chickens have been recognized as an excellent source
of polyclonal antibodies for over a decade.28

However, Landon et al. have reported that avian proteins can
induce allergic reactions, and their use may be associated with
high incidence of side effects. This suggests that more purifica-
tion steps may be required to produce a more specific product.29

Purification of immunoglobulins from mammalian plasma is
complicated, time consuming, and expensive. Today, hens are
recognized as a convenient and inexpensive source of antibodies.
The amount of immunoglobulins obtained from an egg laid by
an immunized hen is almost the same as that obtained from
300 mL of rabbit blood.

Mandal et al. reported the immunization of rabbits with
g-irradiated venom (Russell’s viper venom) mixed with alumi-
num phosphate adjuvant on days 0, 15, and 30 to produce anti-
venom that could effectively neutralize the lethal activity of the
crude venom.30 In addition, they reported the neutralization
potency of antivenom (produced in eggs laid by chickens immu-
nized using irradiated venom) against V. lebetina venom.

Larsson et al. found that the concentration of IgY was higher
in egg yolks than in serum.31 The concentration of antibodies in
egg yolks peaked from days 12 to 14 after immunization. Stuart
et al. reported that a secondary response was observed at least 3
weeks after primary immunization.32 The results of the present

study are in agreement with those of previous studies. Moreover,
the biological activity of the antivenom, determined using the
serum neutralization assay, was demonstrated in this study
(Table 1). To the best of our knowledge, this is the first study in
the world to report and snakebites by V. lebetina have high fre-
quency. Because we are the main manufacturer of antivenom in
the Middle East, this study will form an important basis for
research and development at our institute.

In conclusion, g-irradiated venom is safe for immunizing
hens. This study reports a simple method for purifying and iso-
lating antivenom against V. lebetina venom from chicken egg
yolks. The purified antibodies have a good purity profile and
desirable potency. This study also indicates that IgY is a promis-
ing candidate as an alternative to mammalian antibodies.

Materials and Methods

Animals
Healthy normal leghorn hens were purchased from Dama-

vand Poultry Farm and were housed in individual cages in an iso-
lated condition. The hens were vaccinated against poultry
diseases. Balb/c mice (weight, 18–20 g) were obtained from Razi
Institute and were used for lethality and potency tests.

Venom
Freeze-dried snake venom (from V. lebetina) was obtained

from Razi Institute. One milliliters of the venom was exposed to
60 Co g irradiation with 100-KR strength for 3 hours.13,30 In
order to confirm inactivation, before and after g irradiation

Table 1. Vipera lebetina snake venom neutralization potency of chicken egg yolk antibody Fractions 1 (sample from the pooled first peak) and 2 (sample
from the pooled second peak)

Animals
Group*

Vipera lebetina
VenomC Amount (LD50

#)
Chicken egg yolk

antibody 0.75 gr/mL
IgY! antivenom
Volume (mL)

Horse» antivenom
Volume (mL) Saline

Dead
no. % Dead

Neutralization
potency (LD50/mL)

1 5 Fraction 1 (F1) 0.53 4 100 6
2 0.66 4 100
3 0.83 0 0
4 1.04 0 0
5 1.30 0 0
6 5 Fraction 2 (F2) 1.60 4 100 2
7 2.00 4 100
8 2.50 4 100
9 3.12 0 0
10 3.90 0 0
11 5 0.06 4 100 50
12 0.08 4 100
13 0.10 0 0
14 0.12 0 0
15 0.16 0 0
16 5 2.00 4 100 0
17 2.00 4 100
18 2.00 4 100
19 2.00 4 100
20 2.00 4 100

*Four mice’s in each group, # Lethal dose 50%, C Standard Vipera lebetina snake venom with identified lethal activity, ! Chicken egg yolk antibody, » Razi’s
Institute commercial horse antivenom with Vipera lebetina venom neutralization potency 50 LD50/mL.
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toxicity of venom was determined by Finney LD50 (50% lethal
doses) method.33

Immunization of hens
Hens were divided into 2 groups with 10 hens: control group

and test group. Hens in the test group were immunized with the
irradiated venom13,30 while those in the control group were
injected with normal saline. For immunization, 0.5-mL solution
of irradiated venom containing protein concentration of 400 mg/
mL (200 mg/dose) was mixed with an equal volume of Freund’s
complete adjuvant and was injected intramuscularly in the hens.
Eggs laid by the hens were collected immediately before and
from 12 day onwards after first injection during the course of
immunization. The eggs were stored at 4�C.13 Equal volumes of
normal saline (0.5 mL) were injected in hens in the control
group.

The protein concentration in the yolks was determined using
the method described by Lowry et al.34 with bovine serum albu-
min as the standard.

Immunodiffusion
Antibodies (IgY) present in the egg yolks were identified using

Ouchterlony double diffusion method35 by using 1.5% agar.
Stock solutions containing 300 mg of crude and purified egg
yolks were prepared in phosphate buffered saline (PBS). Next
100 ml of each sample was added to specified wells. After 48 h at
4�C, the gels were washed for 24 h with several changes of saline,
dried and visualized with staining by 1% Coomasie brilliant blue
stain.

Purification of immunoglobulin from egg yolks
Purification was performed at room temperature. Yolks of

eggs laid by hens in both the groups were purified in parallel. In
brief, egg yolks were separated from egg whites, pooled, and
washed 2 to 3 times by using 2-times volume of purified water
(with slow shaking for 5 minutes) to remove contamination by
egg whites. The washed egg yolks were measured, diluted with
equal volumes of purified water, and frozen overnight at ¡70�C.
On the next day, the frozen egg yolks were thawed slowly (at
4�C) and centrifuged at 20000 £ g for one hour at 4�C to
remove small particles. The supernatant was separated, filtered
using Whatman No. 1 filter paper (USA), and concentrated to
approximately 5 mL by dialyzing in a dialysis tube (Sigma-
Aldrich, USA), with a molecular cut-off 2000, for 24–48 hours
against solid sucrose.6 The concentrated solution was fractionated
by gel filtration chromatography with Sephadex G-50 (column:
2 £ 60 cm; mobile phase: 10 mM PBS, pH 7.5). All the

fractions (5 mL) were collected, and absorbance was measured at
280 nm by using spectrophotometer (Shimadzu, Japan). Specific
antibodies to whole venom were purified from F1 and F2 by pass-
ing the fractions through Vipera lebetina venom antigen matrices
by coupling of venom to affinity resin.24 Protein concentration
of F1 and F2 fractions before affinity chromatography and affinity
purified antibody concentrations were determined using by
Lowry protein assay.34 Total protein of F1 and F2 fractions and
affinity purified antibody of both fractions were measured and
percent of venom specific antibodies calculated.

Electrophoresis
The purity and molecular weight of immunoglobulins were

determined by performing non-reduced electrophoresis on
12.5% polyacrylamide gel according to a method described by
Shapiro.36 Band intensities were analyzed using the image analy-
sis software Multi-Analyst (Bio-Rad, USA).

Neutralization of lethality
The lethality of crude V. lebetina venom was determined using

the method described by Theakston and Reid.37 Neutralization
of lethality was determined by injecting incubated venom-anti-
venom mixture into mice. Mixtures containing a constant con-
centration of the venom and varying dilutions of antivenom were
prepared in normal saline and were incubated at 37�C for one
hour. Aliquots (0.5 mL) of the mixtures containing venom con-
centration corresponding to 5 LD50 were injected intravenously
into groups of 4 mice (weight, 17–21 g). Deaths were recorded
over 96 hours, and potency of the antivenom was estimated and
expressed in terms of LD50. Commercially available horse anti-
venom (Razi Institute, Iran) was used as positive control, and
saline premixed with venom was used as negative control; these
were injected intravenously in control mice. The weight in milli-
grams equivalent to LD50 of the venom should be neutralized by
a specific quantity of antivenom based on the protection of a
stated proportion of animals (e.g., 100%). Serum potency was
expressed as the largest amount of venom neutralized by 1 mL of
serum.8
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