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Abstract

Snakebite is still an important public health problem in Thailand. The current scheme
of management for snakebite includes attempting to identify snake species and selecting the
corresponding antivenom for therapy. In this study, an enzyme-linked immunosorbent assay
(ELISA) was developed to detect hematotoxic snake (Green pit viper, Malayan pit viper and
Russell’s viper) venoms by using species specific immunoglobulins isolated from hyperimmune
horse plasma. By affinity chromatography, the percent concentration of immunoglobulins
specific to Green pit viper, Malayan pit viper and Russell’s viper hematotoxic venoms were 4.62,
5.97 and 3.43, respectively. This established technique could differentiate among the three Thai
hematotoxic snake venoms in serum samples with the detection limit of 12.5 ng/mL. However,
the assay is not sensitive enough to detect venom concentration in snakebite patients with lower
concentration of venom. Moreover, cross reactivity was observed among the three hematotoxic

snake venoms.

Keywords: Hematotoxic snake venom, Enzyme-linked immunosorbent assay, Species specific

immunoglobulins
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Introduction

Snakebite is a common and frequently
devastating environmental and occupational
hazard, especially in rural areas of tropical
developing countries. Green pit viper
(Trimeresurus albolabris and T. macrops),
Malayan pit viper (Calloselasma rhodostoma)
and Russell’s viper (Daboia siamensis)
are known as venomous snakes with
hematotoxicity. They are classified in the
family Viperidae (called vipers) and are
commonly found in every region of Thailand.
The toxins, hematotoxins, cause bleeding
disorders and the mechanisms of each
hematotoxin are different.”" ™

In many cases of envenoming following
snakebite, the species of snakes responsible
for the accidents remain unidentified; this
frequently results in difficulties deciding which
antivenom to be administered to the envenomed
victim. The clinical diagnosis depends upon
the recognition of snake types and symptoms
in the patient. Laboratory diagnosis is based on
the changes which occur in envenomed victims
including the detection of irregularity in blood
parameters, presence or absence of neurotoxic
signs and changes in enzyme levels, thus
making treatment with the correct antivenom
more difficult. Moreover, snake venom consists
of many kinds of protein and some proteins are
defined in all types of snake venom (common
component) thus causing cross-reactivity
among species of the snakes. This is a major

problem interfering with the detection of snake
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venom in patient, which is one of the major
reasons for the development of sensitive
enzyme-linked immunosorbent assay (ELISA).(M)

The aim of the present study was to
develop an enzymatic immunoassay as a basis
for immunodiagnosis in envenomation caused

by hematotoxic snake venom using species

specific designed antibody.

Materials and Methods
Selection of specific venom component from
hematotoxic snake venom

Hematotoxic snake venom (50 ug of
protein per well) was loaded onto 12.5%
SDS-PAGE. The separated proteins were
visualized by staining with Coomassie Brilliant
Blue. The specific protein from each type of
hematotoxic snake venom was selected and
eluted from the gel, and further dialysed with
PBS pH 7.2.

Preparation of immunoglobulins by ammonium
sulfate precipitation

Saturated ammonium sulfate solution
was used for immunoglobulin separation.
Hyperimmune horse plasma against Green pit
viper, Malayan pit viper and Russell’s viper
venom were obtained from the horse farm of
Queen Saovabha Memorial Institute. Each
immunoglobulin (30 mL) was precipitated with
ammonium sulfate at 40% saturation. The
mixture was stirred for 30 min and incubated
overnight in cold room (4°C). The mixture was

then centrifuged at 8000 rpm (Eppendorf
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5810R) for 10 min and the precipitate was
dissolved in 30 mL of PBS buffer (0.01 M
phosphate buffer pH 7.2 containing 0.15 M
NaCl). The solution was made 33% saturated
with ammonium sulfate and stirred for 30 min.
After centrifuging at 8000 rpm (Eppendorf
5810R) for 10 min the precipitate was dissolved
in 20 mL of PBS buffer. Finally, the solution
was dialyzed 3 times against PBS buffer.

Separation of specific Horse IgG by venom
specific affinity chromatography
Polyacrylamide gel affinity chroma-
tography was used to isolate immunoglobulins
which recognized specific venom components
of Green pit viper, Malayan pit viper and
Russell’s viper. The columns were prepared by
dissolving 100 mg of specific part of each snake
venom in 10 mL of PBS buffer pH 7.4
containing 16% acrylamide monomer and 4%
N,N’-methylene bisacrylamide . The mixtures
were polymerized by adding 500 pL of 0.4%
ammonium persulfate and 50 uL of TEMED.
The solid was granulated using 0.3 mm pore
size stainless screen followed by washing 5
times with 100 mL of PBS. The sieved gel was
packed into 1.5 x 7.5 cm columns and washed
with Gly/HCI (0.1 M glycine, 0.154 M NaCl,
pH adjusted to 2.5 with HCI) and PBS buffers.
The effluents were measured at 280 nm until
the baselines were closed to zero and steady.
The precipitated horse IgGs were loaded
onto venom polyacrylamide affinity columns

containing specific components of the snake
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venom. The unbound fractions were eluted with
PBS and absorbance measured at 280 nm until
stable. The bound fractions were eluted with

Gly/HCI buffer and collected.

Preparation of peroxidase-conjugated specific
horse IgG

Venom specific horse IgG was labeled
with peroxidase enzyme. Briefly, 10 mg of
peroxidase enzyme were dissolved in 2 mL of
0.3 M sodium bicarbonate buffer pH 8.1
(freshly prepared). The solution containing 0.2
mL of 1 %9DNFB (2,4-Dinitrofluorobenzene)
in ethanol was added to the mixtures, gentle
stirring for 1 hr at room temperature, followed
by addition of 2 mL of 0.06 M sodium
metaperiodate, gentle stirring for 1 hr at room
temperature (the color of the mixtures was
changed to yellow-green). Two millitres of
0.16 M ethylene glycol were added to the
mixtures and stirred for 1 hr at room tempera-
ture. The mixtures were dialyzed in 0.01 M
sodium carbonate buffer pH 9.5 at 4°C. Ten
milligrams venom specific horse IgG dissolved
in 1 mL of 0.01 M sodium carbonate buffer pH
9.5 were added to the mixtures, and stirred for
2-3 hr at room temperature. After that, 5 mg
of sodium borohydride were added to the
mixtures with stirring for 3 hr at 4 °C and the
mixtures were finally dialyzed in PBS pH 7.2
at4 C.

The mixtures were separated by
Sephadex G-200 gel filtration chromatography.
The column (1.6 x 95 cm) was packed with
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Sephadex G-200 (Pharmacia, Uppsala, Sweden)
and eluted with PBS pH 7.2 at the flow rate of
14 mL/hr. The eluate was collected in 1 mL

fractions and the absorbance was measured at

280 and 403 nm.

Analysis of peroxidase-conjugated specific
horse IgG

The specific snake venom dissolved
with 0.05 M carbonate buffer pH 9.6 at the
final concentration of 2 pg/mL was coated on
96-well ELISA microplate (50 pL per well)
and incubated at 4 °C overnight. After washing
with PBST (Phosphate Buffer Saline with
Tween20), 2% BSA in PBST was used as
blocking reagent with incubation time of 1 hr
atroom temperature. After washing three times
with PBS (pH 7.2), peroxidase-conjugated
specific horse IgG at various dilutions
(undiluted, 1:2, 1:4 and 1:8) were added and
incubated for 1 hr at room temperature. After
washing, the substrate OPD (o-Phenylenedi-
amine dihydrochloride) was added and
incubated for 30 min at room temperature.
Finally, 0.5 M sulfuric acid was used as
stopping solution and absorbance measured at
490 nm using ELISA plate reader (TECAN,
Austria).

Development ELISA method for hematotoxic
snake venom detection

Checkerboard titration was done by
varying incubation times and concentrations of

ELISA reagents; the first specific IgG coated
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on plate, blocking solution, venom dilutions
and peroxidase-conjugated specific horse IgG.
The proper steps of the assay were considered
for the detection of the smallest amount of snake
venom with the least background noise. Plates
were coated with 50 UL per well of 0.05 M
carbonate buffer pH 9.6 containing horse
monovalent anti-venom (10 pg/mL) and
incubated overnight at 4 “C. Washing was done
three times with 200 pL/well of PBS pH 7.2.
Plates were blocked with 200 nL per well of
2% BSA in PBST for 1 hr at room temperature,
and washed three times with PBS. Serial
dilutions of snake venom or the sample were
added (50 pnL per well) and incubated for 1 hr
at room temperature. After washing, peroxi-
dase-conjugated specific horse IgG was added
to the plates and incubated for 1 hr at room
temperature. The plates were then washed and
the substrate (OPD) was added and incubated
for 30 min at room temperature. The absorbance
at 492 nm was recorded using an ELISA plate

reader.

Results
1. Selection of specific venom component from
hematotoxic snake venom

Hematotoxic snake venom (50 ug
of protein per well) was loaded onto 12.5%
SDS-PAGE. The specific protein from each
type of hematotoxic snake was selected from
the gel and was dialyzed with PBS pH 7.2. The
venom components from hematotoxic snake

venom are shown in Fig. 1.
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Fig. 1 Selection of specific components of hematotoxic snake venom. Crude venom was loaded onto

12.5% SDS-PAGE (Left). The specific components were selected by cutting gel and the gels

were pooled (Right).

2. Preparation of specific immunoglobulin
from the snake venoms

Snake venom-specific immunoglobulin
was separated from horse plasma using
ammonium sulfate precipitation. The concen-
tration of Green pit viper, Malayan pit viper
and Russell’s viper immunoglobulins were
16.67, 19.05 and 20.39 mg/mL, respectively.
One milliliter of each immunoglobulin was
applied to polyacrylamide gel affinity column
coupled to its specific venom component.
Non-specific IgG (unbound) and specific IgG
(bound) were eluted and the absorbance
measured at 280 nm. Comparing to the initial
concentration, percent concentration of the
immunoglobulin against specific components
of Green pit viper, Malayan pit viper and Rus-
sell’s viper venom were 4.62, 5.97 and 3.43,

respectively.

3. Preparation of peroxidase-conjugated
specific horse IgG.

Venom-specific immunoglobulin was
lyophilized. The immunoglobulin was labeled
with peroxidase enzyme and purified by gel
filtration chromatography. The filtrate obtained
consisted of 3 parts: free immunoglobulin,
free peroxidase and peroxidase-conjugated
immunoglobulin. The pooled fractions of
peroxidase-conjugated specific horse IgG
were further investigated to determine the
proper dilution used in ELISA. The result
showed that the proper dilution of peroxidase-
conjugated specific horse IgG was 1:4, data not

shown.

4 Analysis by ELISA method

4.1 Separation of peroxidase-conjugated
specific horse IgG by Gel filtration chroma-
tography
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Peroxidase-conjugated specific anti-
horse IgG was purified by using Sephadex
G-200 gel filtration column chromatography.
The fractions were analyzed using ELISA by
coating microplates with specific venom and
the OPD was used as substrate for detecting
reaction. Finally, active fractions were pooled
and stored at -20 °C.

4.2 Detection of snake venom

Hematotoxic snake venoms (Green pit
viper, Malayan pit viper and Russell’s viper)
were detected using ELISA. Horse monovalent

anti-venom against Green pit viper, Malayan
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pit viper and Russell’s viper venoms were
coated on the plate overnight at 4°C. 2% BSA
in PBS was used as blocking reagent. Snake
venom samples at the concentration of 5 and
50 ng/mL were added and then bound to the
peroxidase-conjugated specific horse IgG in
the next step. Each step of washing with PBST
was done three times. The reaction was
expressed by OD at 492 nm using OPD as
substrate. Green pit viper venom, Malayan pit
viper venom and Russell’s viper venom could
be detected by the developed method and the
results are shown in Table 1, 2 and 3 respec-

tively.

Table 1 Specificity of ELISA for detection of Green pit viper snake venom

OD 492 nm
Concentration of
snake venom (ng/mL) Green pit viper snake Malayan pit viper Russell’s viper snake
venom snake venom venom

5 0.208 + 0.011 0.077 + 0.013 0.066 + 0.014
(n=4) (n=4) (n=4)

50 0.506 + 0.018 0.166 + 0.018 0.146 + 0.018
(n=4) (n=4) (n=4)

** coat plate with horse monovalent anti-venom against Green pit viper

Table 2 Specificity of ELISA for detection of Malayan pit viper snake venom

OD 492 nm
Concentration of
il s (el Green pit viper snake Malayan pit viper Russell’s viper snake
venom shake venom venom

5 0.076 = 0.017 0.245 + 0.03 0.082 + 0.015
(n=4) (n=4) (n=4)

50 0.153 £ 0.012 0.608 + 0.023 0.194 + 0.015
(n=4) (n=4) (n=4)

** coat plate with horse monovalent anti-venom against Malayan pit viper
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Table 3 Specificity of ELISA for detection of Russell’s viper snake venom

OD 492 nm
Concentration of
snake venom (ng/mL) Green pit viper snake Malayan pit viper Russell’s viper snake
venom snake venom venom

5 0.062 + 0.021 0.058 + 0.007 0.166 + 0.035
(n=3) (n=3) (n=4)

50 0.160 + 0.004 0.188 + 0.010 0.542 + 0.014
(n=3) (n=3) (n=4)

** coat plate with horse monovalent anti-venom against Russell’s viper

4.3 Calculation of ELISA cut-off value

The absorbance value at 492 nm of ten
normal human plasma in developed ELISA for
Green pit viper, Malayan pit viper and Russell’s
viper venoms were 0.08 £ 0.0095, 0.078 *
0.012 and 0.084 * 0.007, mean * SD, respec-
tively. The cut - off value was further manipu-
lated as 0.099, 0.102 and 0.098, mean * 2SD,
respectively (Fig. 2, 3 and 4). Sample value

Green pit viper snake venom

25

/ —4— 0D
;|

o
0.5

ng/ml

1.5625 &
3.125 ¢
100
200 -

Fig. 2 Relation between concentration of Green
pit viper snake venom and cut-off value
at OD492 nm using developed ELISA

method

measured at OD492 nm < cut-off point was

considered as negative result.

4.4 Limit of detection

The detection limit for the developed
ELISA was 12.5 ng/mL which was venom
concentration estimated from intersection
at the cut-off point of each venom (Fig. 2, 3
and 4).

Malayan pit viper snake venom

2
a g OD
°l
/ ——aut off
05 /
[ e —
°© 5§ 8 8 3 8 8 g g uwm

Fig. 3 Relation between concentration of
Malayan pit viper snake venom and cut-off
value at OD492 nm using developed ELISA

method
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Russell's viper snake venom

OD492
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/ —
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,
”;
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Fig. 4 Relation between concentration of Russell’s
viper snake venom and cut-off value
at OD492 nm using developed ELISA

method

Discussion

The identification of snake type
directly involves the right antivenom selection
in snakebite treatment. Because of many
multiple proteins with the same or similar
epitope consisting in snake venom, cross —
reactivity among snake venom types was
observed. Common antigens in heterologous
venoms has been testified to be a major source
for the development of venom detection.**?
Antibodies against specific portions are
important tools for immunoassays in enven-
omation diagnosis. The affinity chromatogra-
phy appears for removing unspecific antibodies
in antiserum”" '

In this study, SDS-PAGE was used
to select the specific protein from Green pit
viper, Malayan pit viper or Russell’s viper
venom, which might improve snake venom
-specific immunoglobulin preparation by

affinity chromatography. ELISA using the
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peroxidase-conjugated venom specific IgG
was studied in this present work. Hematotoxic
snake venoms could be detected by this
developed ELISA within 4 hr after sample
receiving. Due to ten normal human plasma
gave the result of low standard deviation, about
8-15%, at least ten samples were used to
determine the cut-off value. However, to get
more accurate, more samples of normal human
plasma should be further investigated. These
cut-off values obtained from normal plasma
without venom related to the venom detection
limit. This developed ELISA could detect
hematotoxic snake venoms at concentration
higher than 12.5 ng/mL. Therefore, this assay
is not sensitive enough to detect venom in
snakebite cases with lower concentration
in plasma. Although each venom could be
detected, the cross reactivity among three
hematotoxic snake venoms was observed, as
shown in the results of venom detection at
50 ng/mL. Cross reactivity might be reduced
by improving specific venom components
selection, specific immunoglobulin preparation
and each step of ELISA. Moreover, the test in
known samples in plasma and real samples of
snakebite cases should be done for more

effective data.

Conclusion

This established technique could
differentiate among the three Thai hemato-
toxic snake venoms in serum samples with the

detection limit of 12.5 ng/mL. To verify
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maximum efficiency, expanded studies on all

pertinent factors should be further studied in

the future.
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