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Abstract

Antivenoms used for treatment of envenomation caused by like snakes and scorpions, are mostly
produced in equine (horses) or ovine (sheep and goat). In Iran, the production of polyspecific scorpion
antivenom has been started since 70 y ago and purified with ammonium sulfate fractionation after
pepsin digestion of Fc fragment from IgG. Since this conventional method is time consuming, expensive
and the product has lower purity. In this study we used either caprilic acid (Octatonic acid) alone or
with combination with ammonium sulfate for separation and removal of impurities and precipitation of
specific F(ab´)2 against scorpion venom. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) showed that purification with caprilic acid at a final concentration of 3.5% is optimal to
obtain immunoglobulins essentially free of albumin. The second method of purification includes
combination of 1.5% (v/v) caprilic acid with 20% saturation with ammonium sulfate. Both procedures
are performed after peptic digestion of IgG (removal of Fc fragment) at 37°C for 4 h at pH=3.5. After
peptic digestion pH is raised to 4.8 with 1.5 molar sodium hydroxide to stop enzyme digestion then in the
first method 3.5-5% caprilic acid was added with strong agitation for one hour the impurities were
removed with filter paper and the supernatant was dialyzed against CIS buffer. In the second method
after adjusting pH=4.8 ammonium sulfate was added to 20% saturation then 1.5% caprilic acid was
added with strong agitation for one hour then slurry is passed through filter paper the precipitated
impurities discarded and supernatant was dialyzed.
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Introduction
Scorpion envenomation is considered as a problem in public
health system of many countries of world. There are over 1.2
billion people living in areas the world where there is the
possibility of scorpion envenomation, 1.2 million individuals
are bitten by scorpion annually, that about 0.27% of them die
from the bite [1,2]. The scorpion poison causes dermal ulcers
and very severe inflammation at the site of bite. Also, severe
complications are observed such as haemolysis and also
articular problems in affected people [3]. Serum therapy is the
only treatment way of scorpion-bitten people. Initially, the
researchers had used serum of secured animals in order to
treatment of affected people, although this method had a
significant effect on treatment of patients, but it had many side
effects [4,5]. In order to reducing these effects, the researchers
applied antibody purification method. Previous studies have
shown that the F(ab´)2 part of polyclonal antibody harvested
from immune animals, has the most significant effect in

treatment of these patients and on the other hand, it shows
lower side effects compared to the total serum [6-8].

Therefore, the application of methods in which the F(ab´)2 part
of antibody can be purified, has a significant importance.
classically, in order to providing and concentrating of F(ab´)2
part of antibody, the method of sedimentation with Ammonium
Sulfate (AS) with/without using of enzymatic or thermal
digestion are used [9]. But this is a very costly and expensive
method and on the other hand leads to decrease of antibody
efficacy to levels lower than 50%, therefore, attempt for
discovering alternative methods are of importance, methods
such as acid, ion-exchange chromatography and caprylic
immunoaffinity can be noted. McLaren et al. used Caprylic
Acid (CA) in order to total extraction of IgG [10]. Further, in
1999, Dos Santos et al. used this compound for purification of
F(ab´)2 antibody part for affording antivenoms, todays,
Caprylic Acid (CA) is used in different countries as a method
for creation of antivenoms [11].
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Caprylic Acid (CA) leads a major part of plasma or serum
proteins to sediment and therefore no F(ab´)2 antibody is
remained in supernatant, antivenoms which are provided using
CA, are more appropriate for production time, albumin/
globulin ratio, turbidity, protein aggregates, electrophoretic
pattern and neutralizing potency against venom comparing to
AS, on the other hand, CA leads the solution to remain
antibody and also leads to destroying of some zoonotic viruses
which are able to cause disease in human and horse [12,13].

However, this method needs an extensive dialysis for omitting
of CA which is time consuming and creates the risk of
contamination with endotoxin generating bacteria; dialysis or
ultrafiltration also disrupts complete removing of pepsin which
can effect on the antibody stability [12]. In order to solving
these problems, recent studies used combinative methods along
with CA method which have been helpful in some cases, for
instance, Raweerith et al. used CA and cationic ion-exchange
chromatography combination in order to prepare equine
antivenom, their results confirmed the efficacy of their method,
with regards to the above notes, the aim of the present study
was to prepare equine antivenom using combination of CA and
AS methods as a novel combinative and effective method in
improving of F(ab´)2 antivenom [14].

Materials and Methods

Materials
Chemicals and biochemicals were of reagent grade and were
from Merck chemicals (Germany) or Sigma Aldrich (St-Louis,
MO, USA). Hyper immune monovalent scorpion Plasma was
separated from whole blood of production horses from serum
and Vaccine Research Institute Ahvaz branch.

Antiserum
Horse hyper-immune plasma (against Hemiscorpius lepturus
venom) was provided by Razi Serum and Vaccine Research
Institute Ahvaz branch South Western Iran. The pool of horse
plasma was obtained following standard immunization
schedules. The hyperimmune plasma was stored at 4ºC until
purification.

Protein concentration
Protein concentrations were determined by biuret method.

Purity
Filtrate samples from the assay described above were analyzed
by vertical Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) according to Laemmli using a
10% Polyacrylamide gel under non-reducing conditions
(Figures 1-3). All samples (10 µl) were used at concentration
of 500 µg/ml. The gel was stained with Coomassie Brilliant
Blue R-250 (Bio-RA laboratories).

Purification of F(ab’)2 fragment
Enzymatic digestion of Fc fragment: Fifty litre batch of
monovalent horse plasma against Hemiscorpius lepturus
venom was diluted with 50 litres of 0.1 M hydrochloric acid
then pH of the diluted plasma was adjusted to 3.5 with 1.5 M
hydrochloric acid. The temperature of slurry was fixed at 37°C,
then 660 mg of pepsin (Merck) per litre of crude plasma (660 ×
50=33000 mg) was added and digestion was carried out for 4 h
(Figure 4).

Figure 1. SDS-PAGE of purified antivenom at different pH for
separation of albumin and other impurities showed good purity. pH
at the time of precipitation with caprilic acid.

Figure 2. SDS-PAGE of purified F(ab´)2 fractionated with AS at
various concentrations and CA 1.5% for All . The electrophoresis was
carried out in 10% acrylamide under non-reducing condition. 95-2:
Concentrate bulk antivenom purified with Caprilic Acid on 27 Sep
2016 (protein concentration 10.1 g%); 95-2: diluted bulk antivenom
purified with Caprilic Acid on 27 Sep 2016 (protein concentration 2 g
%); Exp A: Concentrate experimental antivenom purified with
Ammonium sulfate (protein concentration 7.3 g%); Exp A: Diluted
experimental antivenom purified with Ammonium sulfate (protein
concentration 2 g%); Exp B: Concentrate experimental antivenom
purified with Caprilic Acid and Al(oH)3 (protein concentration 6.3 g
%); Exp B: Diluted experimental antivenom purified with Caprilic
Acid and Al(oH)3 (protein concentration 2 g%); Bulk 12:
Concentrate bulk antivenom purified with Caprilic Acid on 26nov
2014 (protein concentration 12.1 g%); Bulk 12: Diluted bulk
antivenom purified with Caprilic Acid on 26 Nov 2014 (protein
concentration 2 g%); P: Hyperimmune plasma before purification;
M: Marker (protein ladder from 9-235 KD molecular weight).
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Figure 3. Comparison of different purification procedures at reducing
and non-reducing SDS-PAGE. The electrophoresis was carried out in
10% acrylamide. A: Bulk 13 purified with CA and AS; B: Filtrate
after first precipitation; C: Bulk 27 (95-3) purified with CA and AS
on 8.8.95 (protein concentration 10 g%) before isotonization; D:
Bulk 27 (95-3) purified with CA and AS on 8.8.95 (protein
concentration 10 g%) after isotonization; E: Bulk 27 (95-3) purified
with CA and AS on 8.8.95 (protein concentration 2 g%) after
isotonization; P: Plasma before purification; M: Marker; F: Bulk 13
purified with CA and AS; G: Filtrate after first precipitation; H:
Nonproducing No 3; I: Nonproducing No 4.

Figure 4. Monovalent scorpion plasma purification. A: Bulk 954; B:
Bulk 953; C: Bulk 952; D: Experimental purification with caprilic
acid and ammonium sulfate; E: Experimental purification with
caprilic acid and anion exchange chromatography; P: Plasma; M:
Marker.

Caprylic acid precipitation
After digestion the pH of slurry was raised to 4.8 with 1 M
sodium hydroxide solution and caprilic acid (octanoic) at a
final concentration of 1.5% v/v was added and ammonium
sulfate to 20% saturation, mixed gently for 60 min at room
temperature. The precipitate containing impurities was
separated by filter paper and discarded and the filtrate
containing F(ab´)2 fragment was collected, dialyzed against
CIS buffer to remove caprilic acid and ammonium sulfate and
concentrated either with ultra-filter or by precipitation with
saturated ammonium sulfate.

Salt precipitation
In our lab since we did not have ultra-filter for concentration of
antivenom, we concentrated the product with ammonium
sulfate precipitation by adding saturated ammonium sulfate to
50% saturation. Then the precipitate of F(ab´)2 fraction,
prepared by CA and ammonium sulfate precipitation was

squeezed to a semisolid paste was distributed in dialysis bags
and dialyzed against distilled water containing 2.5 g/L phenol
for 48-72 h, after removal of ammonium sulfate from
antiserum the product was isotonized with the addition of
sodium chloride 8 g/L, sodium bicarbonate 1 g/L and phenol
2.5 g/L.

Result
As it is shown in Table 1, caprilic acid noticeably affects the
turbidity, when used alone in the absence of ammonium
sulfate, for removal of impurities at the 3.5% (v/v)
concentration highest turbidity was observed. When caprilic
acid is used in combination with ammonium sulfate the
turbidity decreased. The concentration of protein in the filtrates
of AS and CA precipitated pepsin digested plasma is shown in
Table 1, decreases about 13.5%. The combination of AS and
CA resulted in more effective protein precipitation, especially
at higher reagent concentrations. While the digested plasma
control contained the highest protein concentration (52.25 mg/
ml), the filtrate of 20% saturated AS and 1.5% (v/v) CA treated
plasma contained the lowest protein concentration (27.63 mg/
ml), indicates that about 53% of digested protein had been
precipitated.

The highest fold-purification of 1.73 was observed at 1.5% CA
with 15% AS, but with antibody recoveries of only 72.34%.
The highest antibody recovery was seen in 1.5% CA with 20%
AS saturation with 1.61 fold-purification.

Table 1. Quantitative estimation of volume, protein, antibody specific
activity, antibody recovery and turbidity of fractions obtained from
precipitation at various AS and CA concentrations.

Condition % AS 0 0 10 15 20

% CA 0 3.5 1.5 1.5 1.5

Reaction volume (ml) 1000 1000 1000 1000 1000

Volume of filtrate 870 774 794 722 792

Protein of filtrate (mg/ml) 52.25 24.86 27.85 25.15 27.63

Total protein (G) 45.457 19.241 22.827 18.158 21.88

Antibody recovery (%) 100 77.4 81.96 72.34 79.2

Specific activity (unit/mg) 305.21 528.29 485.32 528.98 491.53

Fold purification 1 1.7 1.6 1.73 1.61

Turbidity 0 0.6485 0.4925 0.4533 0.4122

Discussion
Industrial production of therapeutic antivenom generally
includes pepsin digestion of antiserum/plasma and then
fractionation of the F(ab´)2 fragment. These methods are
performed with the purpose of improving the capacity while
decreasing the degree of heterologous protein load obtained by
the sufferers, hence decreasing the occurrence of side-effects
[14]. Intravenous administration of antivenoms is connected
with a high (10-76%) prevalence of negative effects. The most
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of side-effects are of an anaphylactoid nature [15-17]. Studies
performed newly have recommended the incorporation of IgG
dimers/aggregates and also Fc gamma receptor. Additional
contaminants considered to result in negative effects consist of
serum proteins and other fragments or excessive MW
aggregates. Consequently, fractionation of antivenom antibody
has aimed at clearing the Fc portion by pepsin digestion and
also eliminating additional plasma protein impurities or their
digestion products by numerous procedures [18,19].

Of most the fractionation methods utilized in industrial
production of antivenoms, the most reliable is affinity
chromatography [20]. It is often demonstrated that
immunochemically pure antibody with a 10-12 fold
improvement in potency might be acquired with a single phase
of affinity chromatography [21]. Nevertheless, the
immunoadsorbant is costly and the recovery of antibody
activity is around 30%. As a result, these types of extremely
purified antivenoms are not cheap by Scorpion bite patients
[22]. In many countries, actually the availability of crude
equine antisera does not fulfil the requirement of the
envenomed sufferers. Fractionation procedure with
considerable lack of antibody activity to acquire purer
preparing may deprive Scorpion bite sufferers of any
antivenom, pure or else. Because, most of the scorpion bites
envenomation instances happen in growing and also poor
nations, the price and stability of antivenoms generated are
essential aspects [23].

Pepsin digestion has been utilized since 1939 to eliminate the
greatly immunogenic Fc of heterologous antibody.
Nevertheless, it is essential that pepsin needs to be entirely
inactivated or eliminated in subsequent fractionation
procedures because the enzyme can influence the stability of
the antivenom [14]. It is often demonstrated that aqueous
antivenoms are much less stable that those saved in lyophilized
type [24]. Nevertheless, lyophilized antivenoms should be
solubilized and the solubilization time is long, however time is
important in serious envenomed cases. Furthermore, imperfect
solubilization of antivenom proteins is irregularly experienced
and the particulates might lead to severe side-effects. This was
demonstrated that simply changing the enzyme digestion
mixture to pH 7.0-7.5 (2 h at 37°C) did not entirely inactivate
pepsin. A pH of 8.0 or higher was needed to abolish pepsin
activity, a condition additionally detrimental to the antibody
[25]. Ultrafiltration utilizing a membrane with MWCO of 50
kDa cannot fully eliminate pepsin, and ionexchange
chromatography on Q-Sepharose needed to be utilized to
eliminate any residual pepsin from ovine F(ab´)2 solutions
[21].

Ammonium sulfate is commonly utilized in large-scale
fractional precipitation of IgG or F(ab´)2. The negative aspect
of ammonium sulfate precipitation is usually that the F(ab´)2
product needs to be recovered and resolubilized. This method
is hard to perform on a significant scale under sterile situations,
and endotoxin pollution is usually discovered. The procedure
can also involve an important decrease of antibody activity
[26,27]. Caprylic acid fractionation has the benefit of

precipitating numerous serum proteins or their fragments
although leaving the F(ab´)2 in the supernatant. Considerably,
the high MW aggregates were not identified in the F(ab´)2
arranged by caprylic acid precipitation. Since alluded to before,
the high MW aggregates are considered reliable, at least in
part, for the negative effects to intravenously applied
antivenom [13].

The risk of viral contamination of biological products is a
subject of great concern to regulatory authorities. There are
numerous of harmful viruses of equine source: Equine
Infectious Anaemia Virus, a lentivirus of the same family as
HIV, influenza and Japanese Encephalitis or Venezuelan
Equine Encephalitis Virus. It could be useful if the process
accustomed to make antivenoms could eliminate or inactivate
probably types of virus pollution [28]. In this regard, the
fractionation identified here regarding pepsin digestion and
also treatment with caprylic acid might inactivate several
viruses because of the acidic situation and the detergent action
of the organic acid [14]. The elimination of small peptide
fragments and/or reagents utilized in the fractional
precipitation of antibody is generally performed by dialysis in
cellulose bags. This procedure is time-consuming and can
obtain several days. It really is expensive in terms of pyrogen-
free water, and hazards pollution with endotoxins, that may
lead to rejection of the valuable antivenoms [29].

With regards to the above notes, the aim of the present study
was to prepare equine antivenom using combination of CA and
AS methods as a novel and effective combinative method in
improving of F(ab) antivenom. The results of this study
showed that using CA and then AS can be effective in
extraction of F(ab')2 at high volumes, our results was consistent
with results of Eursakun et al. study (2012) who showed this
method is effective in antivenom preparation, the difference of
results of our study with Eursakun et al. study was the type of
antivenom [27]. Their study was on snake poison and ours was
on scorpion poison.

Conclusion
The results of the present study showed that the application of
CA and AS for antivenom preparation is a simple, economical
and fast method, also the high purity of antibody is the most
important characteristic of this method and it can be suggested
that this method can be used for preparation of antivenom in
order to treatment of scorpion poisoned persons, although this
matter needs more researches.
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