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Species and Regional Variations in the Effectiveness of Anti-
venom against the in Vitro Neurotoxicity of Death Adder (Acan-
thophis) Venoms. Fry, B. G., Wickramaratna, J. C., Jones, A.,
Alewood, P. F., and Hodgson, W. C. (2001). Toxicol. Appl. Phar-
macol. 175, 140–148.

Although viperlike in appearance and habit, death adders be-
long to the Elapidae family of snakes. Systemic envenomation
represents a serious medical problem with antivenom, which is
raised against Acanthophis antarcticus venom, representing the
primary treatment. This study focused on the major Acanthophis
variants from Australia and islands in the Indo-Pacific region.
Venoms were profiled using liquid chromatography–mass spec-
trometry, and analyzed for in vitro neurotoxicity (0.3–10 mg/ml),
s well as the effectiveness of antivenom (1–5 units/ml; 10 min
rior to the addition of 10 mg/ml venom). The following death
dder venoms were examined: A. antarcticus (from separate pop-
lations in New South Wales, Queensland, South Australia, and
estern Australia), A. hawkei, A. praelongus, A. pyrrhus, A.

ugosus, A. wellsi, and venom from an unnamed species from the
ndonesian island of Seram. All venoms abolished indirect
witches of the chick isolated biventer cervicis nerve-muscle prep-
ration in a dose-dependent manner. In addition, all venoms
locked responses to exogenous acetylcholine (1 mM) and carba-
hol (20 mM), but not KCl (40 mM), suggesting postsynaptic
eurotoxicity. Death adder antivenom (1 unit/ml) prevented the
eurotoxic effects of A. pyrrhus, A. praelongus, and A. hawkei

venoms, although it was markedly less effective against venoms
from A. antarcticus (NSW, SA, WA), A. rugosus, A. wellsi, and A.
p. Seram. However, at 5 units/ml, antivenom was effective against
ll venoms tested. Death adder venoms, including those from A.
ntarcticus geographic variants, differed not only in their venom
omposition but also in their neurotoxic activity and susceptibility
o antivenom. For the first time toxicological aspects of A. hawkei,
. wellsi, A. rugosus, and A. sp. Seram venoms were studied.
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Death adders (genusAcanthophis) are unique among Au
tralian snakes in both morphology and venom compos
(Campbell, 1966; Fry, 1999). Although classified into
Elapidae family of snakes they are viperlike in appearance
habit (Campbell, 1966). They are characterized by a some
flattened, almost triangular head and a short, stout body t
nating to a thin ratlike tail (Cogger, 1996). This makes th
among the most specialized of all elapids and closely co
gent in many respects with members of the family Viperi

Death adders are the widest ranging of the Australian
ids, being found not only in continental Australia, but no
throughout the Torres Straight Islands, Papua New Gu
Irian Jaya, and the Indonesian islands of Seram, Halma
Obi, and Tanimbar. Although there have been up to 12 sp
and 3 subspecies of death adders described thus far (H
1998), considerable debate remains about species identifi
(Wusteret al., 1999). Of these, only the venoms of the co
mon (A. antarcticus), northern (A. praelongus), and desert (A.
pyrrhus) death adders have been studied.

In terms of biochemical and pharmacological proper
species variations between the venoms ofA. antarcticus, A
praelongus,andA. pyrrhushave been reported. Many diffe
ences between venom profiles were found when each v
was applied to a cation-exchange Mono-S column (van
Weydenet al., 2000). Another study showed significant d
ferences inin vitro neurotoxicity between these three veno
(Wickramaratna and Hodgson, 2001).

In a comparative study of 25 snake venoms, Broadet al.
(1979) rankedA. antarcticusvenom as the ninth most leth
venom with a murine LD50 of 0.338 mg/kg (sc, in 0.1% bov
serum albumin in saline). Kellawayet al. (1932) found th
neurotoxic action ofA. antarcticusvenom to be attributable
a peripheral curare-like neuromuscular block. More rece
five postsynaptic neurotoxins have been isolated and
quenced fromA. antarcticusvenom (Sheumacket al., 1979,
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141IN VITRO NEUROTOXICITY OF DEATH ADDER VENOMS
1990; Kim and Tamiya, 1981a,b; Tyleret al., 1997). In the
chick isolated stimulated biventer cervicis nerve-muscle p
aration,A. antarcticus(Qld), A. praelongus,and A. pyrrhus
venoms (3–10mg/ml) caused time-dependent inhibition
twitches and blocked contractile responses to exogenou
tylcholine and carbachol, suggesting the presence of pos
aptic neurotoxins (Wickramaratna and Hodgson, 2001). In
same study the three venoms (3–10mg/ml) were ranked ac
cording to theirin vitro neurotoxicity as follows:A. antarcticus
Qld) $ A. pyrrhus. A. praelongus.

Death adder envenomations are a rare occurrence in A
ia, although these are still a significant health problem
apua New Guinea (Currieet al., 1991; Sutherland, 199

Lalloo et al., 1995). Clinical symptoms of envenomation
Acanthophisspp. include those relating to the paralysis
bulbar and ocular muscles, enlargement of regional ly
nodes, and death occurs through inhibition of respiration
sulting from paralysis of the voluntary muscles (Campb
1966; Lallooet al.,1996). CSL death adder antivenom, wh

as been raised againstA. antarcticusvenom, remains th
rincipal therapy for death adder envenomation (White, 19
his antivenom was found to be very effective in reversing
ffects of death adder envenomation in Papua New G
Campbell, 1966; Lallooet al., 1996). A recentin vitro study
howed that CSL death adder antivenom, while very effe
gainstA. praelongusand A. pyrrhus venoms, was signifi
antly less effective against the neurotoxicity ofA. antarcticus
Qld) venom (Wickramaratna and Hodgson, 2001). Altho
eath adder antivenom was raised againstA. antarcticus
enom it is possible that it may not have been raised aga
ool of A. antarcticusvenoms representative of all geograp
ariations. Thus, the antivenom may lack the ability to n
ralize some neurotoxic components of venoms from subp
ations ofA. antarcticusspecies (Schenberg, 1963; Wickram
atna and Hodgson, 2001). This explanation, however, rem
o be investigated. With many new species of death ad
escribed, from a clinical perspective, it is useful to know
ffectiveness of CSL death adder antivenom against their
ms (Currie, 2000). However, no such study has been

ished.
To date, no pharmacological studies have been under

n whole venoms from the Barkly tableland (A. hawkei), black
ead (A. wellsi), or Irian Jayan (A. rugosus) death adders, n

rom death adders from the Indonesian island of Seram (A. sp.
eram), considered by some herpetologists to be anothe
ible species (Mark O’Shea, personal communication, 2
herefore, this study examined thein vitro neurotoxicity o

hese venoms and compared these to the previously studA.
ntarcticus, A. praelongus,andA. pyrrhusvenoms. In light o
ur recent findings, the efficacy of CSL death adder antive
gainst thein vitro neurotoxicity of these unstudied veno
as also examined. In addition, death adder venoms
rofiled using on-line liquid chromatography–mass spect
try (LC-MS) to determine the level of variations in ven
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omposition resulting from geographic location or species
erences.

MATERIALS AND METHODS

Venom Collection

A. antarcticusvenoms were obtained from populations in New South W
(NSW), Queensland (Qld), South Australia (SA), and Western Australia (
A. praelongusvenom was milked from populations in Cairns, QueenslanA.

yrrhusvenom from Alice Springs, Northern Territory;A. wellsivenom from
he Pilbarra region of Western Australia;A. hawkeivenom from the Barkl
ableland region of Northern Territory;A. rugosusvenom from Irian Jay
West Papua), andA. sp. Seram from the island of Seram, Indonesia. Ven
ere either purchased from Venom Supplies Pty. Ltd., South Austral
ilked by the first author. For each geographic variant or species venom

ollected and pooled to minimize the effects of individual variations (Chip
t al., 1991).

enom Preparation and Storage

Freeze-dried venoms and stock solutions of venoms, prepared in
ovine serum albumin in 0.9% saline, were stored at220°C until required.

iquid Chromatography–Mass Spectrometry (LC-MS)

Venoms were dissolved in 0.1% trifluoroacetic acid (TFA) to a conce
ion of 1 mg/ml. On-line LC-MS of venoms was performed on a Vydac
nalytical column (2.13 250 mm, 5m particle size, 300 Å) with solvent

(0.05% TFA) and solvent B (90% acetonitrile in 0.045% TFA) at a flow
of 130 ml/min. The solvent delivery and gradient formation of a 1% grad
from 0 to 60% acetonitrile/0.05% TFA over 60 min was achieved usin
Applied Biosystems 140 B solvent delivery system. Electrospray mass s
were acquired on a PE-SCIEX triple quadrupole mass spectrometer eq
with an ionspray atmospheric pressure ionization source. Samples (10ml) were
njected manually into the LC-MS system and analysed in positive ion m
ull scan data were acquired at an orifice potential of 80 V over the mass
00–2100 Da with a step size of 0.2 amu. Data processing was performe

he aid of the software package Biomultiview (PE-SCIEX, Canada).

hick Isolated Biventer Cervicis Nerve-Muscle Preparation

Male White leg horn chicks aged between 4 and 8 days were killed with2
and both biventer cervicis nerve-muscle preparations were removed.
were mounted under 1 g resting tension in organ baths containing Kr
solution of the following composition (mM): NaCl, 118.4; KCl, 4.7; MgS4,

.2; KH2PO4, 1.2; CaCl2, 2.5; NaHCO3, 25; and glucose, 11.1. The Kre
solution was bubbled with carbogen (95% O2 and 5% CO2) and maintained a
34°C. Twitches were evoked by stimulating the motor nerve every 10 s
pulses of 0.2 ms duration at a supramaximal voltage (Harveyet al.,1994) using
a Grass S88 stimulator. After a 30-min equilibration period,d-tubocurarine (1
mM) was added. Subsequent abolition of twitches confirmed selective s
lation of nerves. Twitches were then reestablished by thorough wa
Contractile responses to acetylcholine (ACh; 1 mM for 30 s), carbachol (
20 mM for 60 s), and potassium chloride (KCl; 40 mM for 30 s) were obta
n the absence of stimulation (Harveyet al.,1994). Electrical stimulation wa
hen recommenced and the preparations allowed to equilibrate for a f
0-min period before commencement of the experiment. Venoms were
ontact with the preparations until complete twitch blockade occurred,
4-h period. Contractile responses to ACh, CCh, and KCl were then ob

s previously described. Where indicated, death adder antivenom (1–5
l) was added 10 min prior (Barfaraz and Harvey, 1994; Crachiet al., 1999;
ickramaratna and Hodgson, 2001) to the addition of venoms (10mg/ml).
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142 FRY ET AL.
Drugs

The following drugs were used: acetylcholine chloride (Sigma, St. L
MO); bovine serum albumin (BSA; Sigma); carbamylcholine chloride (ca
chol; Sigma);d-tubocurarine chloride (Sigma). Except where indicated, s
solutions were made up in distilled water. Death adder antivenom, wh
raised againstA. antarcticusvenom in horses, was obtained from CSL L
(Australia).

Analysis of Results and Statistics

For isolated tissue experiments, responses were measured via a Gra
displacement transducer (FT03) and recorded on a MacLab System. T
pare the neurotoxicity of venoms, the time taken to cause 90% inhibiti
nerve-mediated twitches (i.e.,t 90 values) was determined.t 90 values wer
alculated for each experiment by determining the elapsed time after v
ddition at 10% of the initial twitch height, and then the means and sta
rror of the means were calculated. A two-way ANOVA was performe
omparison oft 90 values between venoms and concentrations. Where-
ated, curves were compared by a two-way repeated measures AN
ontractile responses to ACh, CCh, and KCl were expressed as a perc
f the respective initial response. These were analyzed using either Stu
aired t-tests or, where stated, compared against the control response
ne-way ANOVA. All ANOVAs were followed by a Bonferroni post hoc te
tatistical significance was indicated whenp , 0.05.

RESULTS

Liquid Chromatography–Mass Spectrometry Analysis of
Venoms

Venoms were profiled using LC-MS to determine dif
ences in venom composition. All venoms had essentially
same generalized elution profile: an early eluting compo
(;24% acetonitrile), a few percentage pause without any
preciable components eluting, and then the vast majori
components eluting between about 30 to 40% acetonitrile
1). The first eluting component in all venoms had a m
similar to that of the short-chain neurotoxin Aa-c, previou
isolated from A. antarcticusvenom. A greater number
components were shared byA. antarcticusgeographic varian
NSW, Qld, SA, WA) than between species (Table 1).

eurotoxicity Studies

All Acanthophisvenoms (10mg/ml) caused time-depende
nhibition of nerve-mediated twitches, whereas vehicle
SA) had no inhibitory effect on twitch height (n 5 4–8;Figs.
a and 2b). There was no significant difference in neurotox
etween theA. antarcticusvenoms at this concentration (tw
ay repeated measures ANOVA,p , 0.05). However, A.

hawkei, A. praelongus,and A. pyrrhusvenoms were signifi
cantly less neurotoxic thanA. sp. Seram venom (10mg/ml;
two-way repeated measures ANOVA,p , 0.05). All venoms
at 10 mg/ml totally abolished contractile responses to ex
nous ACh (1 mM) and CCh (20mM), but not KCl (40 mM)
whereas the vehicle had no significant inhibitory effect on
contractile responses to exogenous agonists (n 5 4–5; Stu-
dent’s pairedt-test,p , 0.05, data not shown).

All Acanthophisvenoms (0.3–10mg/ml; n 5 4–15)caused
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a concentration-dependent inhibition of nerve-medi
twitches (two-way ANOVA,p , 0.05; Figs. 3a and 3b
Because experiments were terminated after 4 h,t 90 values fo
venoms (0.3mg/ml) from A. antarcticus(SA), A. praelongus
A. rugosus, A. wellsi,and A. hawkeiwere not determine
Although not shown in Fig. 3b, thet 90 values forA. pyrrhus
andA. sp. Seram venoms (0.3mg/ml; n 5 8) were 1806 18
and 2126 32 min, respectively.A. antarcticus(SA) venom
was significantly less neurotoxic thanA. antarcticus(Qld) and
A. antarcticus(NSW) venoms (two-way ANOVA,p , 0.05;

ig. 3a). A. hawkeivenom was significantly less neuroto
hanA. sp. Seram venom (two-way ANOVA,p , 0.05; Fig.
b). At lower concentrations (0.3–1.0mg/ml) there was

greater degree of spread of neurotoxicity than at higher
centrations (3–10mg/ml). In the case ofA. wellsi and A.

yrrhusvenoms, the rank order of venom neurotoxicity, ba
n t 90 values, altered with the change in concentration (

3b).

Efficacy of Death Adder Antivenom

Prior incubation (10 min) of death adder antivenom
unit/ml) significantly delayed twitch inhibition produced by
Acanthophisvenoms (10mg/ml; n 5 4–8; two-way repeate
measures ANOVA,p , 0.05;Figs. 4a and 5a). Among theA.
antarcticusgeographic variants, antivenom markedly atte
ated the neurotoxicity ofA. antarcticus(Qld) venom, while
having a significantly lesser effect onA. antarcticus(NSW)
andA. antarcticus(WA) venoms (n 5 5–7; two-way repeate
measures ANOVA,p , 0.05; Fig. 4a). In addition, in th

resence of antivenom (1 unit/ml) all fourA. antarcticusven-
oms (10mg/ml) continued to significantly inhibit contract
responses to exogenous ACh (1 mM) and CCh (20mM)
compared to the antivenom control (i.e., antivenom only;n 5

–7; one-way ANOVA,p , 0.05; Fig. 4b).
Prior incubation of antivenom (1 unit/ml) prevented twi

nhibition byA. hawkei, A. praelongus,andA. pyrrhusvenoms
10 mg/ml). However, in the presence of antivenom,A. wellsi,

A. rugosus,andA. sp. Seram venoms (10mg/ml) continued to
significantly inhibit the twitch response compared to the a
venom control (n 5 4–8; two-way repeated measu
ANOVA, p , 0.05; Fig. 5a). Furthermore, in the presence

ntivenom (1 unit/ml),A. wellsi, A. rugosus,andA. sp. Seram
enoms continued to significantly inhibit contractile respo
o exogenous ACh and CCh compared to the antivenom co
n 5 4–8; one-way ANOVA,p , 0.05; Fig. 5b). However
ntivenom preventedA. hawkei, A. praelongus,andA. pyrrhus
enoms from inhibiting contractile responses to exoge
Ch and CCh (n 5 4–8; Fig. 5b).
Prior incubation of antivenom (5 units/ml) prevented tw

nhibition by A. antarcticus(NSW, Qld, SA, WA),A. rugosus
. sp. Seram, andA. wellsivenoms (10mg/ml; n 5 3–4; data

not shown). Similarly, antivenom (5 units/ml) prevented th
venoms from inhibiting contractile responses to exoge
ACh and CCh (n 5 3–4; data not shown).
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143IN VITRO NEUROTOXICITY OF DEATH ADDER VENOMS
DISCUSSION

A. antarcticuscrude venom was previously examined
lethality, neurotoxicity, myotoxicity, and its effects on blo
coagulation, both experimentally and clinically (Fairley, 19
Kellaway, 1929a,b; Campbell, 1966; Broadet al.,1979; Suth

rland, 1983). Recently,A. praelongusandA. pyrrhusvenoms
were studied forin vitro neurotoxicity, myotoxicity, and pho
pholipase A2 activity (van der Weydenet al., 2000; Wickra-
maratna and Hodgson, 2001). To date, no pharmacolo
studies have been carried out on whole venoms fromA.
hawkei, A. wellsi, A. rugosus,andA. sp. Seram. Therefore, th
study examined thein vitro neurotoxicity of these crude ve

ms and compared these to the previously studiedA. antarcti-
us, A. praelongus,and A. pyrrhusvenoms. In addition, th

FIG. 1. Representative LC-MS profiles: comparison of the two ma
raelonguswith (c) the venom of the species from the Indonesian island
;

al

efficacy of CSL death adder antivenom against thein vitro
neurotoxicity of these venoms was examined.

Venoms were profiled using on-line liquid chromatograp
mass spectrometry to determine basic biochemical differe
As previously detailed, all venoms had essentially the s
generalized elution profile. Given that these venoms are
snakes belonging to the same genus this is not surpr
However, close examination and comparison of each p
showed many differences in peak distribution and comple
between venoms from different species of death adder.
species variations in chromatographic profiles were previo
observed forA. antarcticus, A. praelongus,and A. pyrrhus
venoms (van der Weydenet al., 2000). In the present stud
LC-MS profiles of venoms fromA. antarcticusgeographi

AustralianAcanthophisspecies (a)A. antarcticus(NSW population) and (b)A.
Seram. LC-MS profiles for other venoms not shown.
in
of
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144 FRY ET AL.
variants showed a lesser degree of variability. Furthermo
greater number of components were shared byA. antarcticus
geographic variants than between species. Previous re
suggest that variations in venom composition as a resu
geographic location or difference in species are not uniq
death adders (Jimenez-Porras, 1964; Williamset al., 1988;

ang et al., 1991; Assakuraet al., 1992; Daltryet al., 1996).
he large distances separating theA. antarcticusgeographi
ariants may account for the variations in their venom c
osition. Daltryet al. (1996) showed that variations in ven
omposition as a result of geographic location reflect na
election for feeding on local prey. LC-MS venom profiles m
e used to suggest taxonomic relationships among death
pecies, as was previously suggested for some spider ve
Escoubaset al., 1997).

Although it is beyond the scope of this study to fu
haracterize species variations in venom composition, pr
nary observations can be made. The venom profile oA.
ntarcticusvaries little over its vast range, with the majority

he venom components being conserved in this species bu
inimal conservation among other species. Certain ven

uch as that ofA. praelongus,appear to be much more comp
han those of other species, such asA. sp. Seram. This may b
he case but may also indicate thatA. praelongus,in fact, is a
pecies complex. Given that venoms used in the study we
esult of pooling of venoms ofA. praelongusacross its rang
his has implications upon homology of samples. The app
iversity in venom composition will be the focus of a f

ow-up study.
The first eluting components have masses correspond

soforms of the short-chain neurotoxin Aa-c (Kim and Tam

TAB
Components Shared by Two

Veno

ant

SerNSW Qld SA WA

6873 6873 6873 6873

8186 8184 8183 8183
8252 8252 8252 8252
5044 5044 5044 5044 5044
6710 6710 6710 6711
7073 7070 7070
6651 6652 6652 6654
6687 6686 6688

6676 6676 6679

12898 12898
13809 13810

Note.Molecular weights of components are presented by order of elu
a ant 5 A. antarcticus;Ser5 A. sp. Seram; haw5 A. hawkei;pra 5 A. p
, a

rts
of
to

-

al
y
der
ms

-

ith
s,

the

nt

to
,

981b).A. praelongusis notable in being the only species w
n intermediate eluting component. The characteristic m

or each species of this first peak allows for preliminarym/z
ngerprinting and these components have been isolate
haracterization. Molecular weights corresponding with P2

toxins are also present in all the venoms, in greater quan
and molecular weight diversities than were expected. T
components have also been isolated and are presently
characterized. A component of mass 5044 is present in th
majority of venoms and does not correspond in molec
weight with other isolated components from elapids and
may represent a new class of venom molecule.

Clinically, the most important symptoms of death ad
envenomations are those relating to neurotoxicity, suc
ptosis, generalized paralysis, and respiratory failure (Camp
1966; Lallooet al., 1996). However, nothing is known abo
the neurotoxicity ofA. hawkei, A. wellsi, A. rugosus,andA. sp.
Seram venoms. Furthermore, we compared the venoms frA.
antarcticusgeographic variants to determine whether va
tions in venom composition, as a result of geographic loca
are reflective of neurotoxic activity. Therefore, the neuro
icity of death adder venoms was investigated using the c
biventer cervicis nerve-muscle preparation. In this prepara
all venoms caused time-dependent inhibition of indi
twitches. Furthermore, all venoms abolished contractile
sponses to acetylcholine and carbachol but not KCl,
indicating the presence of postsynaptically acting neuroto
in these death adder venoms. This is in agreement with p
ous studies showing that the neurotoxicity ofA. antarcticus
venom is mainly attributed to the presence of postsyn
neurotoxins (Sheumacket al., 1979, 1990; Kim and Tamiy

1
More Acanthophis Venoms

m/z)

haw pra pyr rug we

6914 6913

5044 5044
6709

7075
6653 6657

6675 6676 66
13427 13428

.
longus;pyr 5 A. pyrrhus;rug 5 A. rugosus;wel 5 A. wellsi.
LE
or

ma (

tion
rae



on,

d
ies

by
y o
cle
t
ty:

e ere
w y t
c
v dd
v an
t a,

1 he
w ach
n ithin
t s of
w the
v cant
d
c
w were
t -

a
c om
c

e of
t ns to
b this
c ms is

ons

s
s

g ick
i s (

in
t

145IN VITRO NEUROTOXICITY OF DEATH ADDER VENOMS
1981a,b; Tyleret al., 1997; Wickramaratna and Hodgs
2001).

Because of the complex regulatory requirements involve
gaining approval for murine LD50 studies in many countr
including Australia, they have been largely supersededin
vitro studies. One method of measuring the neurotoxicit
venoms is by determiningt 90 values in isolated skeletal mus
preparations (Harveyet al.,1994). Comparison oft 90 values, a
10 mg/ml, indicated the following rank order of neurotoxici
A. sp. Seram$ A. antarcticus(Qld) $ A. antarcticus(WA) $
A. antarcticus(NSW) $ A. rugosus$ A. antarcticus(SA) $
A. wellsi $ A. hawkei$ A. pyrrhus$ A. praelongus.How-

ver, for some venoms the rank order of neurotoxicity alt
ith a change in venom concentration. This was especiall
ase with regard to the potency ofA. wellsi and A. pyrrhus
enoms. This possibly results from the fact that death a
enoms contain a number of neurotoxins with various qu
ies of each (Sheumacket al., 1979, 1990; Kim and Tamiy

FIG. 2. (a) Effect of venoms (10mg/ml; n 5 4–5) from A. antarcticus
eographic variants or vehicle (n 5 8) on nerve-mediated twitches in the ch

solated biventer cervicis nerve-muscle preparation. (b) Effect of venom
mg/ml; n 5 4–5) from otherAcanthophisspp. on nerve-mediated twitches
he chick isolated biventer cervicis nerve-muscle preparation.
in
,

f

d
he

er
ti-

981a,b; Tyleret al., 1997). Thus, the neurotoxicity of t
hole venom is dependent not only on the toxicity of e
eurotoxin but also on the quantity of each neurotoxin w

he venom. Therefore, particularly at lower concentration
hole venom, the quantity of each neurotoxin within
enom becomes important. Although there were no signifi
ifferences in neurotoxicity between venoms fromA. antarcti-
usgeographic variants at a concentration of 10mg/ml, there
ere significant differences when other concentrations

aken into account.A. antarcticus(SA) venom was signifi
cantly less neurotoxic thanA. antarcticus(Qld) and A. ant-

rcticus(NSW) venoms. Therefore, venoms fromA. antarcti-
us geographic variants differ not only in their ven
omposition but also in their neurotoxic activity.
Whether the rank order of neurotoxicity is representativ

he rank order of venom LD50 values for this genus remai
e elucidated. However, it is tempting to speculate that
ould be the case because lethality of death adder veno

FIG. 3. (a) Graph showingt 90 values (min) against venom concentrati
(n 5 4–15) for A. antarcticusgeographic variants. (b) Graph showingt 90

values (min) against venom concentrations (n 5 4–15) forotherAcanthophi
pecies.
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146 FRY ET AL.
largely the result of respiratory failure (Kellaway, 1929b, 19
Campbell, 1966). Although it should be noted that mu
LD50 determinations are based on “quantity” (i.e., what c
centration of venom kills 50% of mice usually over a 24
48-h period), whereast 90 values are based on how “quick”
venom acts. Therefore, it is possible to have an extre
“lethal” venom (based on LD50 values), which takes a l
time to produce its effects. Therefore, knowledge of b
parameters is desirable. In the present study, it was not po
to determine the presence of presynaptic neurotoxins in
adder crude venoms. Presynaptic neurotoxins have a
onset of action, with a latency period of up to 60 min resul
from internalization and disruption of the presynaptic p
cesses (Chang and Su, 1982; Chang, 1985). Therefore
possible that the action of any presynaptic neurotoxins
masked by the faster acting postsynaptic neurotoxins in

FIG. 4. (a) Effect of venoms (10mg/ml; n 5 5–7) from A. antarcticus
eographic variants, in the presence of antivenom (1 unit/ml), or antiv
ontrol (n 5 8) on nerve-mediated twitches in the chick isolated bive
ervicis nerve-muscle preparation. (b) Effect of venoms (10mg/ml; n 5 5–7)

from A. antarcticusgeographic variants, in the presence of antivenom
unit/ml), or antivenom control (n 5 8) on contractile responses to exogen
ACh, CCh, and KCl in the chick isolated biventer cervicis nerve-mu
preparation. *p , 0.05, significantly different from antivenom control r
ponse, one-way ANOVA.
;
e
-

ly
g
h
ble
th

ow
g
-
t is
as
he

death adder crude venoms (Lee, 1979). However, fraction
of these venoms will allow the identification of any presyna
neurotoxins.

In Australia, CSL death adder antivenom is indicated for
in envenomation by any death adder species (AMH, 1998
previous in vitro study by us showed that CSL death ad

ntivenom (1 unit/ml), although very effective againstA.
raelongusand A. pyrrhus venoms, was significantly le
ffective against the neurotoxicity ofA. antarcticus (Qld)
enom (Wickramaratna and Hodgson, 2001). However
tudies have examined the efficacy of antivenom against
ms fromA. hawkei, A. wellsi, A. rugosus,andA. sp. Seram
urthermore, it was of interest to determine the efficac
ntivenom against venoms from otherA. antarcticusgeo-
raphic variants. Therefore, the efficacy of CSL death a
ntivenom was determined according to the procedure
cribed by Barfaraz and Harvey (1994). Prior incubatio
ntivenom (1 unit/ml) significantly attenuated twitch inhibit
roduced by all venoms. Antivenom (1 unit/ml) totally p

FIG. 5. (a) Effect of venoms (10mg/ml; n 5 4–8) from otherAcantho
hisspp., in the presence of antivenom (1 unit/ml) on nerve-mediated tw

n the chick isolated biventer cervicis nerve-muscle preparation. (b) Effe
enoms (10mg/ml; n 5 4–8) from otherAcanthophisspp., in the presence
ntivenom (1 unit/ml), or antivenom control (n 5 8) on contractile respons

to exogenous ACh, CCh, and KCl in the chick isolated biventer cer
nerve-muscle preparation. *p , 0.05, significantly different from antiveno
control response, one-way ANOVA.
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vented twitch inhibition byA. hawkei, A. praelongus,and A.
pyrrhusvenoms. In addition, antivenom preventedA. hawkei
A. praelongus,andA. pyrrhusvenoms from inhibiting contra
tile responses to exogenous ACh and CCh. Thus, antiv
raised againstA. antarcticusvenom is very effective again
the neurotoxicity ofA. hawkei, A. praelongus,andA. pyrrhus
venoms. However, antivenom (1 unit/ml) was markedly
effective against venoms fromA. antarcticus(Qld), A. ant-
arcticus (SA), A. rugosus,and A. wellsi. Interestingly, anti
enom (1 unit/ml) only delayed the neurotoxicity of veno
rom A. sp. Seram,A. antarcticus(NSW), andA. antarcticus
WA). Furthermore, in the presence of antivenom (1 unit/
. antarcticus(Qld, SA, NSW, WA),A. rugosus, A. wellsi,and
. sp. Seram venoms continued to significantly inhibit cont

ile responses to exogenous ACh and CCh.
Given thatA. hawkei, A. praelongus,andA. pyrrhusvenoms

(10 mg/ml) were the least neurotoxic, it makes sense that
venoms were the most affected by the antivenom. Howev
is surprising thatA. antarcticus(Qld) venom was the mo
affected by antivenom compared to the otherA. antarcticus
geographic variants. In this case,A. antarcticus(Qld) venom

as the most neurotoxic, whereasA. antarcticus(SA) venom
was the least neurotoxic. Thus, it may have been expecte
antivenom would have a greater effect onA. antarcticus(SA)
venom than onA. antarcticus(Qld) venom. Furthermore, it
surprising that antivenom raised againstA. antarcticusvenom
was markedly less effective against the neurotoxicity o
venoms fromA. antarcticusgeographical variants compared
enoms from other death adder species. It is possible that
dder antivenom may neutralize some neurotoxins within
enoms better than others. Thus, the effectiveness of
enom may be dependent on its ability to neutralize the
erent neurotoxins within the whole venoms.

To further study the efficacy of CSL death adder antive
he concentration of antivenom was increased. Prior incub
f antivenom (5 units/ml) prevented twitch inhibition byA.
ntarcticus(NSW, Qld, SA, WA),A. rugosus, A.sp. Seram

and A. wellsi venoms. Similarly, antivenom (5 units/ml) p
vented these venoms from inhibiting contractile respons
exogenous ACh and CCh. Thus, at higher concentration
tivenom is capable of completely neutralizing all death a
venoms. Usually, in clinical situations antivenom is admi
tered until symptoms of neurotoxicity (e.g., ptosis) are reve
(AMH, 1998; Currie, 2000). Clinical studies have shown
CSL death adder antivenom is very effective in reversing
effects of death adder envenomation in Papua New G
(Campbell, 1966; Lallooet al.,1996). This is not surprising

s suggested by O’Shea (1996) and Lallooet al. (1996), A.
raelongusor a variant of this species is responsible for
enomations in some parts of Papua New Guinea. A det
axonomic study of the Indonesian/New Guinean death a
ay be required before the taxonomy of this widespread

omplicated genus can be fully understood.
In conclusion, all death adder venoms are predomin
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ostsynaptically neurotoxic. Some venoms were significa
ore neurotoxic than other death adder venoms. CSL
dder antivenom (1 units/ml) was found to be very effec
gainst the neurotoxicity ofA. hawkei, A. praelongus,andA.
yrrhusvenoms, while markedly less effective againstA. ant-
rcticus (NSW, SA, WA), A. rugosus, A. wellsi,and A. sp.
eram venoms. However, a higher concentration of antive
as effective against all death adder venoms. Death a
enoms, including those fromA. antarcticusgeographic var
nts, differed not only in their venom composition but als

heir neurotoxic activity. Although this study was based o
n vitro preparation, it is anticipated that these findings
ave a clinical significance in the event of death adder env
ation.

ACKNOWLEDGMENTS

We are grateful to CSL Ltd. for the generous gift of death adder antive
This research was funded by grants from the Australian Research Coun
the Australian Geographic Society. We thank Dr. Ken Aplin (Western
tralia Museum), Dr. Peter Mawson (Department of Conservation and
Management, Western Australia), and the Queensland Department of
ronment and Heritage for their help and support. We are especially grat
Mr. Michael O’Brien and Mr. Brian Bush for their tireless aid.

REFERENCES

Assakura, M. T., de Fatima, F. M., and Mandelbaum, F. R. (1992). Bioc
ical and biological differentiation of the venoms of the Lancehead v
(Bothrops atrox, Bothrops asper, Bothrops marajoensisandBothrops mooj
eni). Comp. Biochem. Physiol.102B,727–732.

Australian Medicines Handbook (AMH). (1998). Australian Medicines H
book, Adelaide.

Barfaraz, A., and Harvey, A. L. (1994). The use of the chick biventer cer
preparation to assess the protective activity of six international refe
antivenoms on the neuromuscular effects of snake venomsin vitro. Toxicon
32, 267–272.

Broad, A. J., Sutherland, S. K., and Coulter, A. R. (1979). The lethality in
of dangerous Australian and other snake venom.Toxicon17, 661–664.

ampbell, C. H. (1966). The death adder (Acanthophis antarcticus): The effec
of the bite and its treatment.Med. J. Aust.2, 922–925.

hang, C., and Su, M. (1982). Presynaptic toxicity of the histidine-mod
phospholipase A2 inactive b-bungarotoxin, crotoxin and notexin.Toxicon
20, 895–905.

Chang, C. C. (1985). Neurotoxins with phospholipase A2 activity in snake
venoms.Proc. Natl. Sci. Counc. B. ROC9, 126–142.

Chippaux, J. P., Williams, V., and White, J. (1991). Snake venom variab
Methods of study, results and interpretation.Toxicon29, 1279–1303.

Cogger, H. G. (2000). InReptiles and Amphibians of Australia(H. G. Cogger
Ed.). Reed New Holland, Sydney.

Crachi, M. T., Hammer, L. W., and Hodgson, W. C. (1999). The effec
antivenom on thein vitro neurotoxicity of venoms from the taipansOxyura-
nus scutellatus, Oxyuranus microlepidotusandOxyuranus scutellatus can
Toxicon37, 1483–1492.

urrie, B. J. (2000). Snakebite in tropical Australia, Papua New Guine
Irian Jaya.Emerg. Med.12, 285–294.

urrie, B. J., Sutherland, S. K., Hudson, B. J., and Smith, A. M. A. (1991
epidemiological study of snake bite envenomation in Papua New Gu
Med. J. Aust.154,266–268.



eno

anc
e-o
n th

bitt

fro

arri
ffec

n

J eno

K f th
-

K hea

K era

K ac

s

K ion
dd

L , S
and
e o

L , an
inc

d.

L snake
ti,

O

S on of

S and
Aus-

S . The
from

s.

S
oned
ess,

S 1991.

T E.,
tion
chro-
alian

v ation
eath

W

W xam-
i-

W n in
r

W evel-

Y ts of
o-

148 FRY ET AL.
Daltry, J. C., Wuster, W., and Thorpe, R. S. (1996). Diet and snake v
evolution.Nature379,537–540.

Escoubas, P., Celerier, M. L., and Nakajima, T. (1997). High-perform
liquid chromatography matrix-assisted lazer desorption/ionization tim
flight mass spectrometry peptide fingerprinting of tarantual venoms i
genus Brachypelma: Chemotaxonomic and biochemical applications.Rapid
Commun. Mass Spectrom.2, 1891–1899.

Fairley, N. H. (1929). The present position of snake bite and the snake
in Australia.Med. J. Aust.1, 296–312.

Fry, B. G. (1999). Structure–function properties of venom components
Australian elapids.Toxicon37, 11–32.

Harvey, A. L., Barfaraz, A., Thomson, E., Faiz, A., Preston, S., and H
J. B. (1994). Screening of snake venoms for neurotoxic and myotoxic e
using simplein vitro preparations from rodents and chicks.Toxicon 32,
257–265.

Hoser, R. (1995). Australia’s death adders—genusAcanthophis. The Reptilia
Magazine3, 7–21.

Hoser, R. (1998). Death adders (genusAcanthophis): An overview, including
descriptions of five new species and one subspecies.Monitor 9, 20–41.

imenez-Porras, J. M. (1964). Intraspecific variations in composition of v
of the jumping viper,Bothrops nummifera. Toxicon2, 187–195.

ellaway, C. H. (1929a). Observations on the certainly lethal dose o
venom of the death adder (Acanthophis antarcticus) for the common labo
ratory animals.Med. J. Aust.1, 764–772.

ellaway, C. H. (1929b). The action of the venoms of the copper-
(Denisonia superba) and of the death adder (Acanthophis antarcticus) on the
coagulation of the blood.Med. J. Aust.1, 772–781.

ellaway, C. H., Cherry, R. O., and Williams, F. E. (1932). The periph
action of the Australian snake venoms.Aust. J. Exp. Biol. Med. Sci.10,
181–193.

im, H. S., and Tamiya, N. (1981a). Isolation, properties and amino
sequence of a long-chain neurotoxin,Acanthophis antarcticusb, from the
venom of an Australian snake (the common death adder,Acanthophi
antarcticus). Biochem. J.193,899–906.

im, H. S., and Tamiya, N. (1981b). The amino acid sequence and posit
the free thiol group of a short-chain neurotoxin from common-death-a
(Acanthophis antarcticus) venom.Biochem. J.199,211–218.

alloo, D. G., Trevett, A. J., Black, J., Mapao, J., Saweri, A., Naraqi
Owens, D., Kamiguti, A. S., Hutton, R. A., Theakston, R. D. G.,
Warrell, D. A. (1996). Neurotoxicity, anticoagulant activity and evidenc
rhabdomyolysis in patients bitten by death adders (Acanthophissp.) in
southern Papua New Guinea.QJM 89, 25–35.

alloo, D. G., Trevett, A. J., Saweri, A., Naraqi, S., Theakston, R. D. G.
Warrell, D. A. (1995). The epidemiology of snake bite in Central Prov
m

e
f-
e

en

m

s,
ts

m

e

d

l

id

of
er

.,

f

d
e

and National Capital District, Papua New Guinea.Trans. R. Soc. Trop. Me
Hyg. 89, 178–182.

ee, C. Y. (1979). Recent advances in chemistry and pharmacology of
toxins. In Advances in Cytopharmacology(B. Ceccarelli and F. Clemen
Eds.), pp. 1–16. Raven Press, New York.

’Shea, M. T. (1996).A Guide to the Snakes of Papua New Guinea.Inde-
pendent Group, Singapore.

chenberg, S. (1963). Immunological (Ouchterlony method) identificati
intrasubspecies qualitative differences in snake venom.Toxicon1, 67–75.

heumack, D. D., Howden, M. E. H., and Spence, I. (1979). Isolation
partial characterisation of a lethal neurotoxin from the venom of the
tralian death adder (Acanthophis antarcticus). Toxicon17, 609–616.

heumack, D. D., Spence, I., Tyler, M. I., and Howden, M. E. H. (1990)
complete amino acid sequence of a post-synaptic neurotoxin isolated
the venom of the Australian death adder snakeAcanthophis antarcticu
Comp. Biochem. Physiol.95B, 45–50.

utherland, S. K. (1983). GenusAcanthophis,death adders. InAustralian
Animal Toxins: The Creatures, Their Toxins and Care of the Pois
Patient (S. K. Sutherland, Ed.), pp. 105–109. Oxford University Pr
Melbourne.

utherland, S. K. (1992). Deaths from snake bite in Australia, 1981–
Med. J. Aust.157,740–745.

yler, M. I., Retson-Yip, K. V., Gibson, M. K., Barnett, D., Howe,
Stocklin, R., Turnbull, R. K., Kuchel, T., and Mirtschin, P. (1997). Isola
and amino acid sequence of a new long-chain neurotoxin with two
matographic isoforms (Aae1 and Aae2) from the venom of the Austr
death adder (Acanthophis antarcticus). Toxicon35, 555–562.

an der Weyden, L., Hains, P. G., and Broady, K. W. (2000). Characteris
of the biochemical and biological variations from the venom of the d
adder species (Acanthophis antarcticus, A. praelongusand A. pyrrhus).
Toxicon38, 1703–1713.

hite, J. (1998). Envenoming and antivenom use in Australia.Toxicon36,
1483–1492.

ickramaratna, J. C., and Hodgson, W. C. (2001). A pharmacological e
ination of venoms from three species of death adder (Acanthophis antarct
cus, Acanthophis praelongusandAcanthophis pyrrhus). Toxicon39, 209–
216.

illiams, V., White, J., Schwaner, T. D., and Sparrow, A. (1988). Variatio
venom proteins from isolated populations of tiger snakes (Notechis ate
niger, N. scutatus) in South Australia.Toxicon26, 1067–1075.

uster, W., Golay, P., and Warrell, D. A. (1999). Synopsis of recent d
opments in venomous snake systematics, No. 3.Toxicon37, 1123–1129.

ang, C. C., Chang, L. S., and Wu, F. S. (1991). Venom constituen
Notechis scutatus scutatus(Australian tiger snake) from differing ge
graphic regions.Toxicon29, 1337–1344.


	MATERIALS AND METHODS
	RESULTS
	FIG. 1

	DISCUSSION
	TABLE 1
	FIG. 2
	FIG. 3
	FIG. 4
	FIG. 5

	ACKNOWLEDGMENTS
	REFERENCES

