Occasional Papers of the Cape Fear Serpentarium

Ontogeny of the Bushmaster Shock Death*
by Dean Ripa®© 2007

Figure 1. At 9-months old this South American bushmaster (Lachesis muta) is still a fairly small snake, less
than 1 meter long and a slender 450 grams in weight—about the size of an adult American copperhead
(Agkistrodon contortrix). It has even less available venom than a copperhead of that size, about 0.2 cc (or

40 mg when dried).

It would probably not inject more than a third of this supply even in afull bite. Yet its

bite can produce grave effects in minutes! The lethal dose of bushmaster venom for man is therefore quite

small (Chapters 25 - 26 review the probabilities).

Note the enormous fangs of this little snake, already as

long as those of an adult Crotalus adamanteus outweighing it by 10 times! Photo Regina Ripa. Cape Fear

Serpentarium.

THEVISCOUS,Y ELL OWISH prote naceous secre-
tion of therelatively small serousglandsof Lachesis
speciesgivesno hint in appearance of thedissimilar
and perhaps much more dangerous propertiesit pre-
sentsupon comparisonwiththeasothick, yellowish,
serous secretions of other vipers. Most viperineven-
omskill or causeharm by disrupting norma hemosta-
sis, and arelethal to manin several consistent ways.
through interferencewith coagulaion (e.g., hemorrhag-
ic syndromesthat produce free bleeding), vascul ar
thrombosis(leading to cdllular anoxia), tissue hydroly-
sis, and other predominately localized effects. These
advancedowly, requiring aperiod of timebefore over-
whelmingalargeanimd likeahuman being.

*To citethisarticle: Ripa, Dean. 2007. Ontogeny of the
Shock Death in Human Beings, in The Bushmasters (Genus
Lachesis Daudin, 1803) Morphology in Evolution and Be-
havior; 5th Edition. Electronic book. Cape Fear Serpentari-
um. Wilmington, NC.

The story of bushmaster venom till now hasbeen
amost entirely of these, asit were, “digestive’” com-
ponents; being all those agentsresponsiblefor the
breaking down of the blood and tissue of prey, to
prepareit for gastric consumption. Hypotheses of
lethality in manrest largely on the venom'’ sfibrino-
gen-clotting and hemorrhagic effects (though occa-
sondly reported neurotoxicity; e.g., Magahaeset d.,
2003). Those agentsin bushmaster venom that di-
gest the prey areimplicated asthething that killsthe
human being. As noted in Estavao-Costa et al.
(2000), “featuresof bushmaster envenomationarese-
rious hemorrhage, blood coagul ation disorders, and
rend failure.” Whileno doubt thesefactorshaveoc-
curred clinicaly (and geographic varigionintheseand
al snakevenomsmakeshroad satementsincautious),
they arenot thefirst order of importance when treat-
ing bushmaster bite. For example, death from renal
falureisaprocessof severd days, and evenbleeding



to death from hemorrhaged blood vesselsand inco-
agulable blood isno quick development. Inshort,
thesearenot rapid acting effects, and requiretimeto
work their destructive magic on the cardiovascul ar
system. Bushmaster bite needs none of this—it can
drop blood pressureto nothing in minutes.

Itistruethat anumber of bushmagter fataitieshave
required such an appropriatetime period asproteolytic
effectscan produce. Bolafios(1982) records4 such
deaths, and Hardy and SilvaHaad (1997) yet anoth-
er. Thesecasespresent theclassically deranged co-
agulation of many other Crotalid bites. Whenthese
casesare actually examined, however, the cause of
death cannot be ascribed to these factors specificaly.
Without exception thevictimsdied from shock, not
hemorrhage. Itisgiven that the act of bleeding to
death can, or should, produce shock; after all the
meansarenot dissimilar; both involvevascular de-
pressuri zation. However, thesekinds of casesshould
usudly exhibit someform of organ damage (from hem-
orrhage) aswell, and this, apparently, was not the
problem: shock was. Thusweseean etiological vari-
ationthrough meansthat arenot primarily proteolytic
inkind.

Thelethal action of bushmaster venominmanis
duetoitsability to producearapid and fatal “shock
syndrome” resultinginanirreversible hypotension.
Thisshock-gtate (often called hypovolemia) proceeds
fromoriginsdistinct, say, from those multifactorial
processes seen in the Bothrops bite, where the pa-
tient may aready havebeen severdly bleeding for sev-
eral days, and whose constitution isworn away by
necrosisandinfection, etc.; or fromtheCrotalushite,
where again, hemodynamic dterationsaffecting the
integrity of thetissue produce agradual degradation
to the whole system that may end in afatal shock
state. Thisisnot to say that bushmaster venom does
not also do these things, but they appear to beless
profound and are not thefirst order of emergency in
treatment. To date, no bushmaster bite victim—at
least novictimwho hasreceived enough antivenom—
has succumbed to the bleeding disorderscommon to
envenomingsof conspecificslike Bothrops. Onthe
contrary, bushmaster bitevictimsdieunanimoudy from
shock, and oftenin spite of prompt antivenom treat-
ment.

Clinical reportsof bushmaster envenoming describe
edema (believed caused by plasminogen activation;
eg., Sanchez et d., 2002), inflammatory action (caused
by numerousagentsincluding serine proteinases, phos-
pholipaseA 2 [PLA 5], metalloproteinases, serotonin,
nitric oxide, histamine, etc., some of these by-prod-
uctsof thevictim’sown metabolism and immunesys-
tem; e.g., Silvaet d., 1985); hemorrhage (dueto met-
dloproteinaseswhich degradethecapillaries, eg., Ru-
cavado et a ., 1999); hemolysis(mediated by lectin,
thereforedisruption of thecell wall isnot directinkind;
e.g., SilvaHaad, 1981; Otero et al., 1998); myotox-
icity (applicabletothemuscleonly indirect intramus-
cular inoculation and believed dueto the action of spe-
ciaized enzymesand protei nasesin conjunction with
leukocytesand macrophagesinfiltrated by theinflam-
matory response; e.g., Oteroet al., 1998; Fuly et al.,
2000); incoagul ability (from defibrinating activity due
to effects of thrombin on fibrinogen, with enzymatic
activity like PLA2 and proteinases preventing blood-
clotting (e.g., Yarlequeet d. 1989); coagulant activity
(resultingin clotsobstructing capillary blood flow; eg.,
Maga haesand Diniz, 1979; but | know of no directly
attributable case of thishappening); proteolytic activi-
ty (specifically theattack of thrombin-like proteases,
metalloprotel nases, cytolytic and myotoxic[eg., Ote-
ro et a. 1998], rarely seen with prompt antivenom
[Ripa, 1999]); neurctoxicity (affectingtheVagus, 10th
crania nerve, disrupting the muscles of speech and
swallowing [dysphagiaand dysphonig], interrupting
transmissionsto the heart and smooth musclesof the
viscera organs (Fan and Cardoso, 1995); this, further
exaggerated by shock, resultsin convulsveabdomind
pain, projectivevomitingand diarrheg; e.g., Ripa, 1999,
2002); andfindly, mostimportantly, hypotensveshock
itself (potentiated by kininogen and kdlikrein-likepro-
teinase, releasing bradykinin and kallikrein, inspiring
rapid hypotension; e.g., Silva, 1981; Dinizand Olive-
ra, 1992; Felicori et a., 2003).

Itisthelatter, dmost invariably, that killsthevictim.
Thisoccursinaquick fashion (withinthefirst 24 hours)
asaseemingly “ autopharmacol ogica responsg”’ (Ripa,
1999) or over the course of about four days, whereits
evolution would seem little mediated by antivenom.
Thus| have posed two fatal outcomesin bushmaster
envenoming, onetherapid (based on asudden shock-
syndrome) and the other the delayed, which may bea
process of these, and other, multiplying factors.*

* It may not be a coincidence that serum sickness also commences on about the 3rd or 4th day after antivenom, an
additional burden on the patient. It is an intriguing premise, though not a necessary one, to think that two similar but
distinct pathologies may be working on the patient simultaneously at this critical time!
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Figure 2. l1llus. 1. HPLC chromatogram of venoms from different species of Bushmaster snakes. Venom from Lachesis
melanocephala is in black. Venom from Lachesis stenophrys is in red. Venom from Lachesis muta muta is in green. One
milligram of venom was loaded onto the column in each case. From Ripa, Boomershine and Ripa (in prep); HPLC by Will

Boomershine.

Whether occurring “ withinminutes’ as Ditmarsreport-
ed, or within hours (see newspaper account in Chap-
ter 23), or onthethird and fourth day (asreportedin
Bolafios, 1982) thesearemost certainly shock-deaths,
hypovolemic and/or vasodilativein kind. Abundant
explanations can be proposed: diminished fluid vol-
umeresulting from excessivefluid demandsin other
partsof the body, inhibiting the heart’sability to move
theblood (e.g., dueto therapidly expanding edemaof
thebitten extremity; or from alesscentraized vascular
dilation a soleeching blood fromthe heart), or themain
arteriesof theheart itself may bepooling blood. Hence
theincreased heart ratewithin thefirst few minutesof
bushmaster bite (Ripa, 1999; Chapter 22) is probably
attempt by the heart to compensate, with the subse-
quent dowing of theheart (asthe pulsefdlsand grows
faint) fromblood deprivation, from havinglessandless
bloodtobeat. Theresultisthe“LachesisSyndrome,”
thefatal shock-statetypical of bushmaster bite. There
areother factorsof relaive significance, such ashem-
orrhage, dsobringing blood loss, and hemolysis, which,
of courseg, effectsthevery integrity of theblooditself.
Finaly (and thismust be considered very significant in

the cases so far seen) we have the type of medical
treatment, which may include surgery (fasciotomy).
Thelatter isasurerecipefor afuneral. Whilecom-
mon sensewouldtell you that thelast thing you should
doisoperate on somebody whoisbleeding to death,
this has not stopped many doctors so far. Insuch
cases(e.g., Bolafios, 1982) we have seen previousy
managed shock-states return and, with redoubled
strengthintheweakened victim, endfatally.

M ost snake envenomingsrespond well enoughto
immunotherapy that you start to see some good re-
sults soon after administering it. The complex pro-
cessesof hemorrhage, hemolys's, neurotoxicity, etc.,
ceaseandinlittlewhilethe body beginsrestoringit-
self. Not sowiththe*L-syndrome,” which, likean
exploded bomb keeps on spreading shrapnel fromits
owninertia thrust. Thefact of defusing “thebomb”
(withimmunotherapy) doesnot soon reversetheef-
fects of the explosion which continuesits cascade.
Other mediations must be attempted. Aswith cate-
strophic necrosis (where the most minute sums of
certain venoms, though early neutralized, tricksthe
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Figure 3. Illus. 2. HPLC chromatogram of venoms obtained from specimens of Lachesis melanocephala of different ages.
Venom from 2 week old specimens is in black. Venom from 4 week old specimens is in red. Venom from 3 month old
specimens is in green. One milligram of venom was loaded onto the column in each case. From Ripa, Boomershine and

Ripa, (in prep); HPLC by Will Boomershine.

immune systeminto mimicking thechemical invader
initseffort to repel it and endsup murderingitsown
cells), the L-syndromeis self-perpetuating, because
the body itself hasbeen recruited to enact thedeadly
program. Thevenom, which originated the process,
has ceased being the active agent and neutralization
of itschemistry will not certainly alter the paradigm.
If surgery isattempted during thiscritical period the
effectswill be enhanced, and evenif having abated,
will probably returnfull onandthepatient will die. In
modern cases of bushmaster bite, most fatalitiesthat
have been recorded haveinvolved surgery (Chapter
23).

The envenomingsof Gaboon viper (Bitisgaboni-
ca) arebrought to mind. Thisisanother species
whose venom produces a quick and deadly shock
effectinhumanbeings. Malow et a. (2003) summa
rizesfrom Grasset and Goldstein (1947), and Gatullo
et a. (1983): “ Abrupt hypotension developswithin
secondsini.v.-injected anesthetized dogs. Profound
peripherd vasodilation and reduced aorticimpedance

causeanincreasein stroke volume, thereby increas-
ingventricular discharge.”

In bushmaster bite | have insisted that the first
course of treatment should beto addressthe* shock
effect,” eventothedetriment of restoring normal co-
agulationif thesemeansarenot available; and by all
meansto avoid invasvemeansto correct edema(eg.,
fasciotomy) and necrosis, asthese effortswill only
enhance and prolong theshock state. If thepatientis
going to perish fromabushmaster bite, itisthe shock
that isgoingto doit, and hemostatic changes, while
occurring in consort, are by comparison alessurgent
problem. Thisisquiteunlikethe sympatric Bothrops
withwhich bushmaster biteisoften confused.

What isthe chemical action of the L-syndrome?
Previousstudies(e.g., Felicori et a, 2003) reved sg-
nificant levelsof kalikrein-like proteinaseand kinino-
genin, both bradykininrel easers, in bushmaster ven-
om. Bradykinin hasbeen linked repeatedly to hypoten-
sionin other snakebites, and Silva, on the basis of
symptoms, madethe correl ationwith Lachesismore



than twenty-fiveyearsago (Silva, 1981). My andy-
ss(from Ripa, Boomershineand Ripa, in prep) con-
firmsthe presence of theserel easersin three species
of bushmaster; however, it reved ssomething entirely
new. The devel opment of thesetoxinsisontogenic,
their concentration and proportion overwhelmingly
concurrent with the snake’ sage.

What ismost |ethal in bushmaster venom has so
far beenmisinterpreted intest animalsasaproteol yt-
ic (digestive) component, agentsthat are not very
potent in bushmaster venom. Onthisbasis, neonate
bushmasterswere previously considered by some
authorities (e.g., Gutiérrez et al., 1990) to be “not
very dangerous.” Indeed, my analysisadjournswith
quitethe opposite conclusion. What ismost surpris-
ingisthedisproportion of theshock-producing agents
inthevenom of the neonate, morethan doublethat of
theadult.

Gutiérrez et a. (1990) noted acurious absence of
“toxic” agents in the venom neonate Lachesis
stenophrys, emphasi zing thelow hemorrhagic, myo-
necrotic, and inflammatory effects of that venom
(Chapter 21 discussesthisdatafurther). Believing

theseactionsto bethe explicitly lethal effectsof the
venom ensemble, and noting their greater lack inthe
neonate, they concluded that the neonate needed to
mechanically overpower itsprey (e.g., restraint and
congtrictioninthejaws) and that itsvenom must not
bevery dangerousto man. The problemwith their
model wasin the definition of toxicity, or rather the
kind of toxicity they analyzed, which did not account
for anL-syndrome-likeeffect. Intheir modd, bush-
meagter venom gainedintoxicity asthe snakesreached
maturity, but when the snakewasababy it washard-
ly venomousat al.

Thedataassembled in Chapter 21 show how un-
truethisideais. Newborn bushmastersefficiently dis-
patched their prey through the use of venom alone,
andinarapidtime-frame. Mechanical restraint of
the prey was unnecessary. The prey died almost
equdly rapidly when strike-released.

Thedichotomy isthis: Gutiérrez et al. (1990) cor-
rectly adducesthe low blood/tissue destructive ef-
fects(e.g., thehemorrhage, necrosis, etc., of classic
Vviperine envenomation) of the baby venomin prey;
but did not recognize that these are not the effects
that actually kill theprey. Nor arethesethe effects

Figure 4. 1llus 3. HPLC chromatogram of venoms from specimens of Lachesis melanocephala of different ages. Venom
from adult specimens isin black. Venom from two-week old specimensisin red. One milligram of venom was loaded onto
the column in each case. From Ripa, Boomershine and Ripa (in prep); HPLC by Will Boomershine.
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Figure5. Illus. 4. UPLC chromatograms of venom from L. melanocephala of various ages. A is neonate, B is 10 month old
juvenile, and C is mature adult. Small black numbers indicate retention time in minutes. Red labels indicate the molecular
weight of protein in that peak as determined by electrospray-time-of-flight (TOF) mass spectrometry and in some cases

indicate the identity of the protein based on molecular weight.

Peaks labeled in red indicate that this age of snake contains

more of this component of venom than other ages. Note preponderance of “K-complex” in neonate and juvenile (however

decreasing somewhat in juvenile), and dramatic reduction in adult.
The venom is shifting from almost total “shock-syndrome” production toward

neonate, nearly absent in juvenile) to adult.

Note dramatic increase of Mutalysin 2 (absent in

greater proteolytic (exodigestive) activity. The peak represented by 28.6kDa is an unidentified protein typical of L.
melanocephala and less abundant in L. stenophrys. From Ripa, Boomershine and Ripa (in prep); UPLC by Will Boomershine.

that most serioudy endanger thelives of human be-
ingsinamodernworld whereantivenomis, or should
be, readily availableintimetotreat most pitviper bite.
Whereantivenom and other support treetment isreadi-
ly available, thereissmply noreasonto diefrom pro-
teolytic factorsin abushmaster bite. Indeed, it may
beimpossibleto do so even without antivenom, for
proposing such anintenseenvenoming aswouldkill a
human being from hemorrhagic effectsisto posea
concomitant L-syndromereaction of such magnitude
that the shock-death would surdly precedethem. This
soundsincautious, but, contradicting presumptiveas-
sertionsintheliteraturetill now, no suchfataity has
ever been shown (at |east we cannot say positively
that the cul prit was not really aBothrops).

Thefadity ratefrom bushmaster biteremainsone
of the highest of any snake. Chapters22 - 24 pro-
videarangeof venomouseffectsand symptoms, and
showswhicharemog explicitly dangerousinthebush-
master bite. None of them are“ proteolytic” inthe
classic sense (asblood and tissue destructive), ex-
cept insofar asvasodilation could enhancetissue de-
gructiveeffectsthroughincreasing venous permesbil -

ity.

Inthischapter | explorewhy bushmaster venomis
quickly lethal to prey, and conclude—quitethere-
verseof Gutiérrez et a. (1990)—that not only isthe
neonate venom fully toxic, but dropfor dropitissig-
nificantly moretoxicto prey animalsand human be-
ingsthan the venom of theadult snakes. Thediffer-
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Figure 6. lllus. 5. SDS-polyacrylamide gel electrophoresis (15%) of venoms obtained from specimens of bushmaster
snakes of different species and different ages. (1) Molecular weight standards: a, 97,400; b, 66,200; c, 45,000; d, 31,000; e,
21,500; f, 14,400. (2) Venom from adult Lachesis stenophrys specimen. (3) Venom from adult Lachesis muta muta specimen.
(4) Venom from adult Lachesis melanocephala specimen #1. (5) Venom from adult Lachesis melanocephala specimen #2.
(6) Venom from adult Lachesis melanocephala specimen #3. (7) Venom from two-week old Lachesis melanocephala
specimen. (8) Venom from four-week old Lachesis melanocephala specimen. (9) Venom from three-month old Lachesis
melanocephala specimen. For each sample, 45 mcg of venom was loaded. All samples were reduced with 2-mercaptoethanol.
The identity of the proteins is indicated on the right. From Ripa, Boomershine and Ripa (in prep); electrophoresis by Will
Boomershine.

Phospholipase A, — are calcium dependent enzymes that hydrolyze the two-ester bonds of 1,2-diacyl-3sn-
phosphoglycerides. They display awidevariety of activitiesincluding presynaptic/postsynaptic, neurotoxicity,
myotoxicity, cardiotoxicity, anticoagulant, antiplatelet, convulsant, hypotensive, haemolytic, hemorrhagic and
edema-inducing effects (Huang et al., 1997). These belong to group |1 secretory phospholipase A,s, formed
by venoms from Crotalidae and Viperidae families.

Mutalysin | & Il —are hemorrhagic metalloproteinases that are thought to cause local and systemic
hemorrhage (Estevao-Costa et al., 2000). Mutalysis| (100 kDa) is a member of the class P-1V reprolysins
(Bjarnason and Fox, 1994; Kini and Evans, 1992). Mutalysin Il (22.5 kDa) is a member of the class P-I
reprolysins (Bjarnason and Fox, 1994; Kini and Evans, 1992). Mutalysin | has 35X higher hemorrhagic
activity than mutalysin |1 whilemutalysin Il has 27X higher proteolytic activity towards dimethylcasein than
mutalysin | (Estevao-Costa et al., 2000). Both mutalysin | & Il degrade the &-chain of fibrinogen over the &
chain (Estevao-Costa et al., 2000). Mutalysin Il will also degrade the & and & &-chains of fibrin (Estevao-
Costaet a., 2000). Mutalysin Il interacts with the human plasma glycoprotein 82-M (725 kDa) ina 1:1 ratio
(Estevao-Costaet al., 2000). Binding of 42-M to mutalysin Il inhibits proteinase activity (Estevao-Costa et
al., 2000; Starkey and Barrett, 1982). Mutalysin | isunaffected by &2-M binding indicating that it may be
involved in systemic bleeding (Estevao-Costaet a ., 2000). Mutalysin | also inhibits collagen induced, but not
ADP induced, platelet aggregation (Estevao-Costa et al., 2000).

Kininogenin —is aserine protease (28 kDa) that releases bradykinin from kininogen (Diniz and Oliveira,
1992). It also induces ahypotensive effect (Diniz and Oliveira, 1992).

Kallikrein-like proteinase — is a 33 kDa glycoprotein that has considerable homology to serine proteases
from other snake venoms (Felicori et al., 2003). It too rel eases bradykinin from kininogen and induces
hypotensive effects (Felicori et al., 2003). This protease also activates plasminogen (Felicori et al., 2003).
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Figure 7. lllus. 6. UPLC chromatograms of venom from L. stenophrys of various ages. A is neonate (2- weeks-old) and B is
adult. Small black numbers indicate retention time in minutes. Red labels indicate the molecular weight of protein in that peak
as determined by electrospray-time-of-flight (ToF) mass spectrometry. Peaks labeled in red indicate that this age of snake
contains more of this component of venom then other ages. The * indicates peaks with different intensities between ages
but no molecular weight was determined. Again, as in L. melanocephala neonates, note dramatic increase of “K-complex”
and deficit of typical proteolytic factors (PLA2 and Mutalysin 2) in the neonate. The venom is shifting from direct lethality
to delayed lethality with exodigestive effects. From Ripa. Boomershine, and Ripa (in prep); UPLC by Will Boomershine.

enceisintheaction of thelethality, whichin other
writing hasbeen variousy misunderstood ascytolog-
icaly destructiveinkind.

What'’sthetoxicity?

Thevenom of adult bushmasters showsasignifi-
cantly higher proteolytic action than that of neonates
inmice(Gutiérrez et a., 1990), and thiscan bedem-
onstrated clinically intherecord of damagein adult
vis-avisneonate biteson human beings(e.g., Ripa,
1999; Chapter 22). Theseeffects, while potentially
dangerousif |eft untreated, should not be confused
with amuch more dangerous action, one serving no
explicitly digestivefunction, and which conditutesthe
venom'ssinglemost lethal agent: theability toinsti-
gaterapid shock.

Inmy model, “lethality” isequated with those ac-
tionsthat aremost directly toxictotheorganism, that
is theagentsthat actualy kill theprey. Theclassica-
ly proteolytic agents, such asthosethat demolishand

“digest” tissue, while surely toxic, are not the actions
that kill the prey that bushmasterseat. They are not
“firg-kill” toxinsinthissense, but secondary ones. their
usefully digestive effectsdo not havetimeto develop
beforetheprey isaready dead. Thisisevidenced by
thevery low concentrations of these agentsintheneo-
natevenom (illus. 1 - 8 providesan overview of these
proportions). Rather, the prey isimmobilized swift-
ly—Dby shock. Other agents may go to work on the
prey’ssystem both during and after this process, but
thisisnot what bringsabout immobilization. Thuswe
must rate thetoxicity of bushmaster venom according
to the disproportion of itsshock-producing agentsand
temporarily forget its proteolytic effectsif weareto
predict itsfirst-letha effectsinman. It should bemen-
tioned before we go further that the Gutiérrez et a.
(1990) andlysiswaslimited to theblood-tissuedestruc-
tive elements of the venom, and at no point werethe
K-complex of fractions described or even mentioned.
The concept of what bushmaster should be, according
to contemporary knowledge of other venoms, domi-
nated their mode for lethdity. InGutiérrezetd. (1990),
the expectationsare of aviper that killsby the conven-



tional processes, and these processesall leaveavis-
iblefingerprint uponthecells. What the Gutiérrez et
al. (1990) analysistold usthen, wasthat these con-
ventionally understood processeswerevery low in
the venoms of neonates and juveniles, compared to
thevenomsof adult specimens.

Figure6 (Illustration 6) showsan electrophoresis
of three species of bushmaster venom, at early and
mature stages of the snake’slives. Abundant com-
ponents are seen at some ages and conspi cuous ab-
sencesin others. For example, in three samples of
neonate venom from Lachesis melanocephal a, tak-
en at 2 weeks of age, 4 weeksof age, and 12 weeks
of age, weseeapreponderanceof kalikrein-likepro-
teinase and kininogenin. Theseareboth bradykinin
releasers, powerful vasodilatorswhose principlejob
invenomisto produce hypotension. These propor-
tionsaredgnificantly higher thanin adults. AsChip-
pauix (2002) notes of bradykinin and prostaglandins
increaselevel sin other kindsof snakebite: “ The con-
sequence of these mechanismsisasevere drop of

periphera resistance causing thearterial pressureto
drop aswell. Thisdropisearly on (afew minutes
after theinoculation of thevenom), fast and severe.
Theheart rhythmisnot modified and thisexcludesa
direct cardiactoxicity.” Inafew wordsthedynamic
systemic changes seeninthe bushmaster bitesrecord-
ed in Chapter 22.

Whether or to what extent kallikrein and kinino-
genin (herecaled”K-complex”) aso participatein
theenzymatic or proteolytic digestion of theprey is
not essentid tothisdiscusson. Deathwill bebrought
about by the shock-activatorslong beforethese ac-
tions can be appreciated, in an animal that will have
aready expired severd minutesbeforeitisswalowed,
and morethan 24 hoursbeforeitisgastrally digested.

TheK-complex of bradykinin-reeasersisinmuch
greater proportion inthe venom of baby and young
bushmastersthan inthevenom of adults(Illus. 1- 8).
The shock effectsobserved in Bites 3 and 4 (Chap-
ter 22), involving 1 year old and 2 month old bush-
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Figure 8. Illus. 7. UPLC chromatograms of venom from neonate L. melanocephala (A) and L. stenophrys (B). In the

neonate stages these two venoms are much the same, showing the same inequalities compared to adult snakes. From Ripa,
Boomershine and Ripa (in prep); UPLC by Will Boomershine.
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Figure 9. Illus. 8. UPLC chromatograms of venom from adult snake of L melanocephala (A) and L. stenophrys (B).

Note

greater PLA2 in L. melanocephala and somewhat greater “K-complex,” with greater Mutalysin 2 in L. stenophrys. From
Ripa, Boomershine and Ripa (in prep); UPLC by Will Boomershine.

masters, arethusexplainable. Thereissimply much
more* shock-agent” in the neonate venom than any
other component, so we should expect these agents,
both knownto befast acting, to strikefirst beforethe
typicaly dower blood derangementsare appreciated
aslocal tissuedamage.

For exampl e, neonate venom showed only traces
of phospholipaseA 2 isoformsand were completely
lackinginMutalysin2. Theformer enzymeiscredit-
edwithawidevariety of actions, ranging from neuro-
toxicity tohaemolyss, soitistoo early to predict symp-
tomatology here; however, Mutalysin 2, ametallo-
proteinase, appearsto beadefinitehemorrhagin. The
dearth of both components could account for thelow
hemolytic and hemorrhagic effectsseenin Bites 1, 2,
3,4and5.

WhileMutalysin 2iscompletely absentintheneo-
nate venom, Mutalysin 1 isamply represented, just
asinadults. Clinica edemaandinflammationinthe
neonate bite seemsno lessgreat thaninthe adult, so
at least in Mutalysin 1 we have a probabl e cul prit.
Mutalysin 1isthen apowerful producer of edema

andinflammation, but itsrolein hemorrhageismuch
lesssgnificant. TheeffectsseeninBitesl, 3,and4,
al fromyoung snakes, confirmthisidea

PhospholipaseA 2 isfound in so many disparate
snakevenomsthat itisdifficult to pinpoint itsmeaning
inbushmagters. This, nevertheless, deadly enzymeis
most abundant in adult L. melanocephala. PLA2
may produce structural changesin the central ner-
voussystem (Russel, 1983), increasing presynaptic
density, widening of the extracellular spaces, disten-
son of nerveterminalsand mitochondria, decreased
numbersof synaptic vesicles, and ruptureof theplas-
mamembrane (Cedergrenet a, 1973).

Therapid dynamicsof theL-syndrome have been
observed repeatedly. Jorge et al. (1997) recorded
some 20 cases, and more have appeared sincethen.
To date, however, only the shock-effect (withitsse-
verehypotengveaction) hasproved significantinloss
of human lifein bushmaster envenoming. Thisdoes
not exclude sequelaesmilar to other Crotaineenve-
nomings, involving asower degradation of the car-
diovascular systemthat could invite asecond fatal



shock later on. But we have no way to measurethis,
snced| knownfatditieshaveinvolved shock, evenwhen
death wasdelayed by severa days. Without doubt, sys-
temic degradationsthrough haemostatic aterations, in-
cluding hemorrhage and necrosisinviting secondary in-
fection, could also enhance or dter (to sepsis) the shock-
producing pharmacol ogy, clinicaly appreciated asasec-
ond kind of shock (e.g., septic shock). And yet thisis
not anecessary hypothesis. The K-complex ispresent
inenough quantity inal bushmaster venoms, whether adult
or neonate, to produce shock without resorting to athe-
ory of asecondary reaction (e.g., shock from bacterial
infection). Further study asnew bite casescomeinwill
no doubt determinethisfeature moreexactingly.

Neonate bushmasters kill their prey very rapidly,
whether performing strike-hold or strike-releasetactics
(Chapter 21). Thereisno appreciabledeficit, vis-a-vis
adults, intheir ability tokill prey. 1f anything, thesmaller
food animd diesmorequickly thantheadult’slarger prey.
Thedisproportion of kallikrein-like proteinaseand kini-
nogenin inthe neonate venom, and thelack of other hae-
mostatic agents, suggeststhat the neonate venomkills
the prey by inducing ashock effect. The hemorrhage
producing enzymesand proteinsinthevenomhavealong-
term digestive purpose, but perhapsthey could not kill
the prey quickly enough for the snaketo beabletore-
cover itif strike-released. Hence, rating the venom of
neonates according to classic proteol ytic-type proper-
tiesalone (asdid Gutiérrez et ., 1990) will alwayspro-
duceamideading pictureof “low toxicity.” Thedigestive
componentsarenot theexplicitly letha propertiesto be-
ginwith. They areintoo short asupply. Intheneonate
venom we have apharmacol ogy almost entirely predi-
cated on the use of shock asaquick-kill strategy. This
bradykinin-rel easing K-complex isanecessary compo-
nent for an otherwise d ow acting venom, benefitting ne-
onatesby making surethey get their vital first mealsin
life. Whilethe K-complex isretainedintheadult, itisnot
retained in such disproportion, being replaced by greater
concentrationsof Mutalysin 2 and PLA 2. Thevenom
becomesmore proteolyticinthelarger, moredifficult to
digest prey of adult snakes.

Whilein adult snakeswefind lessconcentration of the
shock-producing agents, thelack iscertainly compen-
sated by the greater amount of venom theselarger snakes
candeliver. Intheadult snakes, uniformly, the shift ap-
pearstoward the hemorrhagic productionsof Mutalysin
2 and PhospholipaseA; tht is, the venomisbecoming
more blood and tissue destructive. At somepointinthe
snakes' livesashift occurstoward greater proteolytic
activity and lessdirectly lethal action, proportionateto

theavailable K-complex. Thischange doesnot occur
early on. At 10 monthsthevenomisdtill relatively sm-
ilar tothe neonate’'s. Further analysisshouldtell usas
what agethischangeoccurs(e.g., and whether it corre-
spondswith size, prey-sizeshifts[torelatively smaller
prey], or sexual maturity). Perhapsthe proportion of
theK-complex isbaanced toward thecritical minimum
necessary toinsurethat shock-ingtigatorswill dwaysbe
inenough supply to do their job.

Thisstudy bringsan unexpected new insght intothe
effectsof bushmaster venomin prey and in human be-
ings. Contrary to previousassertion, juvenile bushmas-
tersareformidably armed. Dropfor drop, their venom
issignificantly moredangerousto man that thevenom of
adults. Based on the effectsseenin Bites3and 4 in
Chapter 22, and the proportions of venom injected by
other neonates of smilar sizewhen strike-holding prey
(Chapter 21), | proposethat aslittleas20 - 25 mg (dry
weight) of the neonate venominjected intramuscularly
could betherelativeletha dosefor an adult human be-
ing. Thispotency will belessinthemature snake, where
theK-complex isalmost halved (although surely made
upfor by thegreater venom delivery possibleintheadult
snake). Neverthdess, the shift toward greater proteolyt-
icaction, asMutalysin 2and PLA 2, may to someextent
providethe needed synergy to compensatefor the def-
iat.

Theagonizing abdomind saizuresexperiencedin con-
sort to the sudden loss of blood pressure (and rapid
heart rate accompanying this, being agood indicator of
the onset of shock) can beexplained at least partidly by
the effectsof bradykinin on the smooth musclesof the
abdomen and i ntestines, which cause spasmodic con-
tractionsintest animas(sensu Fereset d., 1994). These
symptoms, aong with dysphagia, dysphonia, numbness
of thelipsand face, etc., have probably been confused
with an apparent neurotoxicity. Asthesedatashow, the
expected ingtigator of neurotoxic action (PLA ) isvery
low in the venom of the neonate and sub-1-year-old
juvenile; the phospholipaseA 2 isoformsusually associ-
ated with neurotoxic action are but spottily represented.
They arefar outwei ghed by the K-complex, which, in-
deed, but for the presence of Mutalysin 1, wemight say
isrealy dmost dl thejuvenilevenomiscomposed of .
Theclinica dataprovided by Bites3and 4inthisbook
(Chapter 22) strongly suggest that the L-syndromeis
aliveand well inthejuvenile snake, and isnot depen-
denton PLA>.

Thereismore good evidence against neurotoxicity.
Signsof neurotoxicity, evenin strongly neurotoxic enve-



nomings such asthose of cobrasand kraits, usually
do not appear earlier than severa hours; whileinthe
bushmeaster, dysphagia, convulsive pain of theabdom-
inal muscles (probably from contractions of the
smooth muscles), projectilevomitingand diarrheaare
experienced within 20 minutes of the envenoming; in
other words, at thevery start of the hypotensivecri-
gs. Fromthisl infer that true neurotoxicity (e.g., Ve
gal stimulation) isnot respons blefor thesemost con-
spicuousalterationsseenintheL-syndrome (but this
deservesfurther study). Bushmaster venomkillsby
producing aswift autopharmocol ogical reaction due
to apreponderance of kininogen-like substancesthat
release bradykininand kalikrein, ineffect triggering
thebody tokill itself. Theondaught ismore sudden
than that seenintypical “neurotoxic” snakebite, and
inavenom that isnot, or should not, be morethan
mildly neurotoxic, itisdifficult toimplicate nerve poi-
soninginthiseffect.* Thesudden death syndrome (<
45 minutes) in bushmaster bite can bedirectly attrib-
uted to the abundance of K-complex inthevenom.
If these effectsare not completely neutralized, theL-
syndrome, athough managed initialy, canreturnand
becomeirreversiblewithin 1 - 4 days, advancingon
thevictimin combination with other proteolytic ef-
fectsin an already weakened patient. Whilethede-
layed death sequenceis surely exacerbated by the
proteolytic degradationsof blood and tissue, onewon-
dersif these arereally so essential to the formula.
After al, neonate venom lacksamost al the major
cell-destructiveagentsand isstill capable of produc-
ingasignificant shock-effect inman.

Thetill-now unexplained syndromeof “ bushmas-
ter bite death despite immunotherapy” can probably
be blamed on thefailure of trestment to control the
activating factorsof K-complex poisoning.

**

Materialsand methodsfor HPLC
High performance liquid chromatography

Thevenom wasanalyzed using C1g reversed-phase
high performanceliquid chromatography (HPLC) on
aViydac 218TP510 column (10 x 250 mm). Compo-
nentswereresolved usinga120 mL linear gradient
from 5% to 75% acetonitrile, 3% isopropanal, 0.1%
trifluoroacetic acid (TFA) over 40 minutes. Theab-
sorbancewas monitored at 215 nm.

Electrophoresis

Sodium dodecylsulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) wasperformedin a15% gel
(Laemmli, 1970). Sampleswerereduced with 2-mer-
captoethanol. The gel wasrun at 150 voltsfor ap-
proximately 1.5hourswith45mgof eechsample. Gels
werestained with CoomasseBrilliant blue. Thenum-
ber and approximate molecular weight of the bands
were estimated for comparativeanayss.

Methodsand materialsfor UPLC

UltraPerformance Liquid Chromatography (UPL C)
—the snake venom was analyzed by UPLC. Approx-
imately 5mg of lyophilized snakevenomwasdissolved
inenough mobile phaseA to bring the concentrationto
5mg/mL. 50 pg of venom was placed onto an Acqui-
ty UPLCBEH C18 1.7 um 2.1 mm X 100 mm col-
umn and el uted with alinaer gradient from 10 % mo-
bile phase B to 50 % mobile phase B over 40 minutes
at 0.2 mL/minute. Mobile phase compositionswere
asfollows: mobilephaseA, 0.1 % formic acid, 0.01
% trifluoroacetic acid, 2 % acetonitrile, 98 % water;
mobilephaseB, 0.1 % formic acid, 0.01 % trifluoro-
acetic acid, 2 % water, 98 % acetonitrile. Proteins
were monitored by UV absorbance at 280 nm and
analyzed by mass spectrometry using aWatersMAL -
DI Q-ToF Premier mass spectrometer using el ectro-
Spray ionization.

* Damico et a. (2005b) attempt to show neurotoxicity in L. muta muta venom in vitro, in mouse phrenic nerve diaphragm and chick
bicenter cervicispreparations; however, the massive quantitiesthey used (20 pg/ml, 50 pg/ml and 100 pg/ml, &c.), injected into thetiny
mouse and chick parts, equivalent to as many as 100 |lethal doses for an adult human being, would rather disprove an argument, than
otherwise, that bushmaster venom inspiresasignificant neurotoxicity inman. No bushmaster can administer thismuch venom: 2- 6 grams
required to produce aneurotoxic effect in an animal welghing asmuch asthe average adult person! Thetotal yield for most bushmasters
isnot morethan 333 mg and the amount injected in abiteistypically much smaller, intherange of 50- 120 mg. Short of being bitten by
more than adozen bushmastersat once, we should detect no such effect in human beings; nor should we assume such an effect to befatal,
inany case. Even granting that, at these massive dosages, certain neurotoxic effects can be detected in mice and poultry, such results cannot
be applied across species. To date, no human fatality from abushmaster bite can be attributed to neurotoxicity, and such effectsashave
been portrayed as nerve-affecting (e.g., oropharyngeal dysphagia, often mistaken for paralysis) arerather symptomsof the onset of the
bushmaster shock-syndrome, than any true neurotoxic presencein the venom.



Results

Comparison of venom from L. melanocephala of
variousages (Figure5; lllus. 4): Thevenom of adult
and baby snakesisvery similar in protein composi-
tion. However, thereare some dramatic differences
intheamountsof individua proteinsbetween thetwo
agegroups. Baby snakeslack the21.7 kDaprotein
with aretention timeof 32.5 minutes. Adult snakes
also appear to have a greater quantity of the 28.6
kDaprotein with aretention time of 24.19 minutes.
While baby snakeslack amajor component of the
venom, they do havehigher quantitiesof severa oth-
er proteinsincluding the 13.5 kDaprotein at reten-
tion time 20.55 minutes, the 31.1 kDaprotein at re-
tention time 25.02 minutesand the 30.5 kDaprotein
at retention time 26.28 minutes. Thevenomfroma
juvenile snake appearsto fall in between baby and
adult venom intermsof composition. Thejuvenile
venom hasincreased amountsof theproteinsat 24.27
minutes and 32.70 minutes versusthe baby venom,
while having decreased amounts of the proteinsat
26.40 minutes, 25.04 minutesand 20.56 minutes. The
peak at 19.83 minutes (13.9 kDa) could beaprotein
that only appearsduring thistime of development or
isduetoindividual variation, sincethispeak isnot
present in either the baby or adult venom samples.

Composition of venom from L. stenophrysof var-
iousages(Figure7; lllus. 6). Thevenom of adult and
baby snakesisvery smilar in protein composition.
However, thereare some dramatic differencesinthe
amountsof individual proteinsbetween thetwo age
groups. Baby snakeslack the22.8 kDaproteinwith
aretentiontimeof 32.11 minutes. Adult snakesalso
appear to have a greater quantity of the 28.6 kDa
protein with aretention time of 24.43 minutes, the
13.8 kDaprotein with retention time of 21.88 min-
utesand the 23.9 kDaprotein with aretention time of
36.04 minutes. Whilebaby snakeslack amagjor com-
ponent of the venom, they do have higher quantities
of severd other proteinsincluding the 2.3 kDapro-
tein at retention time 14.38 minutes, the 31.1 kDa
protein at retention time 24.86 minutesand the 30.5
kDa protein at retention time 26.22 minutes. The
differencesin venom between adult and baby snakes
for both L. melanocephala and L. stenophryswere
verysmilar.

Comparison of venom between baby L. melano-
cephalaand L. stenophrys(Figure8; Illus. 7): The
venomsfrom baby snakesfrom different speciesare

quitesimilar in both the quantity of proteins present
andtheidentity of proteinspresent. Therearesome
minor differencesin retention times between peaks.
However, these differencesare probably dueto se-
guencedifferenceswithinthesamefunctiona protein
rather than two different functiona proteins.

Comparison of venom from adult L. melanoceph-
alaand L. stenophrys (Figure9; Illus. 8): Theven-
omsfrom adult snakesfrom different speciesarequite
smilar inboth the quantity of proteinspresent and the
identity of proteinspresent. There are someminor
differencesin retention timesbetween peaks(such as
32.53 minutesfor L. melanocephalaand 32.11 min-
utesfor L. stenophrys). Thesedifferences, howev-
er, are probably dueto sequencedifferenceswithin
thesamefunctional proteinrather than two different
functiond proteins.

**
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