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The majority of snake bites in Central America are caused by
Bothrops asper, whose venom induce complex local effects such as
myonecrosis, edema and especially hemorrhage. These effects are
only partially neutralized by the clinically used antivenom, even
when administered rapidly after envenomation. Recently we
screened 49 substances for antihemorrhagic activity and found
that a mixture composed of CaNa, EDTA, a B. asper serum
fraction (natural antidote), and the currently used horse polyva-
lent antiserum is highly effective in the neutralization of local and
systemic hemorrhage developing after B. asper envenomation
(Borkow et al., Toxicon 35, 865-877, 1997). In the present study
we screened the best six antihemorrhagic compounds for their
capacity to neutralize the lethal activity in mice and the proteo-
lytic, hemolytic, and antiattachment activities in vitro of the
venom. The compounds tested included the currently used horse
antivenom, rabbit antiserum against whole B. asper venom or
against heated venom, B. asper and Natrix tessellata serum frac-
tions, and CaNa, EDTA. The constituents of the antihemorrhagic
mixture were also the best inhibitors of the other examined toxic
activities. Importantly, the mixture effectively neutralized toxic
activities of an additional nine venoms from snakes abundant in
Central America. This work suggests that the polyvalent anti-
venom used in Central America could be enriched with a B. asper
serum fraction producing a more effective antivenom. In addition,
the local application of CaNa, EDTA to neutralize hemorrhagic
toxins, immediately after a snake bite, may provide rapid inhibi-

tion of local damage caused by the venoms. © 1997 Academic Press

In Latin America bites by snakes of the genBethrops,

effects including hemorrhage, myonecrosis, and edema.
severe cases, the tissue damage may lead to serious seqt
such as permanent tissue loss, disability, and sometimes
putation (Campbell and Lamar, 1989; Gutierrez and Lomon
1989; Kerrigan, 1991; Nishioka and Silveira, 1992).

In Central America, the polyvalent antivenom produced |
horses at the Instituto Clodomiro Picado in Costa Rica
currently being used as the basic therapeutic device for t
treatment of crotalid envenomation. Mortality as a cons
quence of crotalid snake bites has been reduced with the us
this antivenom. However, both clinical and experimental da
indicate that it is only partially effective against the loca
activities of the venoms, such as edema-forming, myotoxi
and, especially, hemorrhagic activities (Gutiere¢al., 1981).
As with other antivenoms, these effects are poorly neutralize
even when the antivenom is administered rapidly after enver
mation (Reidet al.,1963; McColloughet al., 1970; Warrelet
al., 1976; Lomonte, 1985; Gutierret al.,1985). It is therefore
important to search for other compounds which can effective
neutralize the hemorrhagic and other harmful activities
crotalid venoms. The relevance of this point was stressed
the World Health Organization (WHO, 1981). Some mamma
and many snakes have developed natural antidotes in tt
plasma that neutralize various snake toxins with much higt
neutralization capacity compared to specific immunoglobulil
(Ovadiaet al.,1976; Ovadia and Kochva, 1977; Domattal.,
1991; Weissenbergt al., 1991). Three types of materials are
therefore good candidates to neutralize harmful activities
venoms: antivenoms obtained after immunization, natur
products which may be found in animals resistant to sna
venoms, and synthetic compounds.

As one of the most dramatic consequencesBothrops
asper envenomation is local and systemic hemorrhag

which belong to the crotalid family, have the greatest medic&¥loreiraet al., 1992), we recently screened five antivenom:
importance, as they are responsible for more human morbid®§ snake and mammalian sera, and 19 synthetic inhibitors
than any other group of venomous snakes (Rosenfeld, 197hgir capacity to neutralize the hemorrhagic activities of tt
Among them the most dangerous species in Central Americay@nom of B. asper(Borkow et al., 1997). We recommended
Bothrops aspelBolaios, 1982, 1984; Campbell and Lamarthein situ administration and intravenous injections of a nove
1989). After envenomation, striking alterations at the site ofeutralizing mixture composed of CaMNathylenediaminetet-

injection may be caused, due to a complex series of logalacetic acid (CaNe&EDTA), aB. asperserum fraction (natural
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antidote fraction), and the currently used horse polyvalefite tubes were then centrifuged at 1g@@fore hemolysis was determined by

antiserum. Although this improvement was experimemaii}}easuring the absorbance of the supernatant at 540 nm; 100% hemolysis
e : : : : . . etermined by measuring the absorbance of supernatants from erythroc

ver_lﬂed _Only In mice, I_t provided the_ impetus for this St”“_' ncubated with distilled water. The inhibitors without the venom were inct

whl_ch aimed to examine the capacity of the most effe_ct_n_x@ated with the cells as controls.

antlhemorrhaglc substances to neUtra“Z_e Other_ FOX'C aCtMt_'e%eneral proteolytic activity. An aliquot of each venom (9l containing

of B. aspervenom as well as venoms of nine additional crotaligh g of venom) was incubated with 3@ of the neutralizing mixture or PBS

snakes distributed in Central America. for 1 hr at 37°C. Azocollase and gelatinase activities were examined
previously described (Ovadia, 1978; Borkawal., 1993).
METHODS Cross reactivity. The cross reactivity between the various venoms and tt

neutralizing mixture was examined by immunodiffusion tests in 1% agar ge

Materials. All venoms were obtained from snakes kept at Instituto CIodomir8Ccordlng to the procedure of Ouchterlony, (1967).

Picado, University of Costa Rica, and were pooled, lyophilized, and stored at
—20°C until used. The antivenom against the venom®ofsper, Crotalus
durissus durissugndLachesis muta stenophngyrrently used in Central Amer-

ica, was prepared as previously described (Budaand Cerdas, 1980). Antisera
againstB. aspervenom or venom heated for 30 min at 60°C were prepared in The Six best antihemorrhagic materials found after screeni

rabbits by injecting increasing amounts of the mixtures subcutaneously at 1-mof substances against the venomBofasper(Borkow et al.,
intervals. Freund's complete and incomplete adjuvants were used in the immtﬂt,g?) were examined during the first part of this study for the

1 i —_ 0, 0, apeys . . . « ey
zation. Bothrops asperand Natrix tessellata40-60% and 35-55% S""t“”"ted<:Dagiabll|t|es to neutralize other important toxic activities (suc
ammonium sulfate sera fractions (natural antidotes) were prepared as describe

(Borkow et al., 1994a, 1995a). Transformed murine endothelial cells of (:apilla@S lethal, hemolytic, proteolytic, and cell-detachment)Bof
origin, established by transformation with the polyoma virus middle oncoge@$per venom. Of the six tested materials, the most pote
(Bussolinoet al., 1992) and primary bovine aortic endothelial cells isolated aantihemorrhagic substance, tBe asperserum fraction, was
described by Schwartz (1978), were grown in Dulbecco’s modified Eagle’s medigsg the most efficient inhibitor of all other toxic venom ac
supplemented with 10% newborn calf serum, 1% L-glutamine, and 1% penicillgieitieS tested. Table 1 shows that the natural antidBteasper
For experimentation the cells were grown in 96-well uncoated plastic plates (in & rum fraCtiOIn) was 3—7 times more effective than the clir

ml medium). > -
Determination of antihemorrhagic activity. The neutralization of the ven- Ca”y used horse pOIWalent antivenom against the hemorrha

om’s hemorrhagic activities was determined in two different body sites: in tifoteolytic, and hemolytic activities @&. aspervenom. More-
skin and in the gastrocnemius muscle. The minimal hemorrhagic dose (MH@ver, the high neutralization capacity Bf asperserum frac-

MHD is defined as the amount of venom that produces a hemorrhagic spotigfn was also proved against two additional activities of th
about 1 cm in diameter after 2 hr in the skin) for each venom was determin\(;

. ; : ; ggnom: the lethal and cell-detachment activities (Figs. 1 and
as previously described (Ovadia, 1978). In a separate set of experiments, h | id he f . f h f 1
MHD of B. aspervenom were mixed with the inhibitors in 1 ml PBS and,AnOt er natural antidote, the fraction from the serum of t

immediately, 0.05 ml containing 2 MHD was injected into the dorsolater§I0NPOiIsonous snakidatrix tessellataalso has a higher neu-
aspect of the right gastrocnemius of four mice weighing 25-30 g. Two hour@lization capacity than the horse antivenom. In additio
after injection, the mice were killed by cervical dislocation and the inject§dotonic concentration of the synthetic material CaE®TA

muscle was removed from the leg. The quantitation of hemorrhage was carr('eqlsM in 0.01m phosphate buffer, pH 7.2) effectively neu-

out according to Ownbyt al. (1984). . . .
g #tal. (1384) . tralized the hemorrhagic, proteolytic, and cell-detachment &
Neutralization of venom effect on endothelial cells.The effect of the

venom on transformed murine endothelial cells and on primary bovine aorﬂylt'es O_f the _V_enom and showed _part|al activity against tr
endothelial cells was examined as described previously (Bostak,1994b, hemolytic activity of the venom (Fig. 2, Table 1). However
1995b). Several crotalid and viperid venoms, among tignaspervenom, CaNg EDTA showed only temporal activity in preventing cell
cause cultured cells to round up and detach from the substrate, leaving thg¢gtachment in the cell culture system. After more than 1 hr t|

viable even after 6 hr of incubation with the venom (Chaim-Matyas ar\?‘enom regained cell-detachment activity similar to levels «
Ovadia, 1987; Borkovet al., 1994b). Twenty microliters PBS containing 50 . .
the,control venom (see Discussion).

rg venom and each of the various substances tested were added to the me . ; .
in which 16 endothelial cells were cultured (0.2 ml final volume). The number A Mixture of the B. aspernatural antidote fraction and CajNa

of floating cells in supernatant aliquots, withdrawn at various time intervaEDTA with the horse polyvalent antivenom has been shown to
after the venom addition, was determined by using a cytometer and an inver@qremdy effective in the neutralization of the hemorrhagic activi
microscope. One hundred micrograms of each of the other examined venieshe venom (BOI‘kOVEt al 1997) Therefore. in Subsequent expel

in 200 ul PBS was incubated with or without the neutralizing mixture for 1 ht s ined th . f thi tih hagi isct
at 37°C. Then 50ul of each mixture (25ug venom) was added to wells Iments, we examine e capacity of this antihemorrhagic mixtu

containing 16 endothelial cells. The number of floating cells was determine@0mposed of 5 mg/ml of the horse polyvalent antivenom and
as described above. mg/ml of aB. asperserum fraction in 0.1 CaNg EDTA, to
Hemolysis assays.The hemolytic assay was carried out according téieutralize the proteolytic (azocollase, gelatinase), cell-detachm
Quiroset al. (1992). Fresh human blood was obtained from a blood bank arghd hemolytic activities dB. aspervenom. Table 2 shows that high
StOI’ed' at 4°C. Prior to USE,' erythrocytes wgre washed twice With PBS, pH 7d%iution of the neutralizing mixture (Up to 180) neutralized th
and diluted to 2% (v/v) with 0.5% albumin and 10vnCaCl, in the same . .. . .
buffer. Venom (2.5 mg) was incubated with the different potential inhibitors ine_morrhaglc aCtIVIt_y OB aspervenom effectlvely. The undiluted
0.1 ml PBS for 1 hr at 37°C, followed by addition of 0.9 ml 2% (v/v) washedNixture could also inhibit the cell-detachment, azocollase, and g
erythrocytes and the mixtures were incubated for an additional 30 min at 37thase activities of the venom. Furthermore, as cross reactivity |

RESULTS
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TABLE 1
Inhibition of Hemorrhagic, Proteolytic, and Hemolytic Activities of Bothrops asper Venom by Various Agents

Activity: Hemorrhagié
Proteolyti® Hemolytic®
Venom dose g): 20 (skin) 20 (muscle) 50 5000
Horse polyvalent antivenom 5 60 6 7.4
Bothrops aspenatural antidote fraction 5 20 0.8 1.0
Natrix tessellatanatural antidote fraction 30 30 4 1.2
Rabbit antiserum against whole venom 30 32 12 25
Rabbit antiserum against heated venom 30 40 40 2.5
CaNg EDTA (mm) 1.5 150 100 200

Note. The capacity of various substances to neutralize toxic activitid®. aspervenom was examined.

2 Hemorrhagic activity: The minimum amountg in 50 ul) of each substance which completely neutralized 2 MHD (&) injected into the skin or into
the muscle is given.

P Proteolytic activity: 50ug of B. aspervenom in 0.1 ml PBS was incubated for 1 hr at 37°C with the various compounds. Each mixture was then exal
for proteolytic activity on Azocoll. The minimum amount of substangg)(required to abolish the venom proteolytic activity is shown.

¢ Hemolytic activity: B. aspervenom (5 mg in 0.1 ml PBS) was incubated for 1 hr at 37°C with the various substances and an hemolysis assay was
out. The minimum amount of compoungd) which abolished the venom hemolytic activity is shown.

tween related venoms and toxins is well known (Assalafiral., in neutralizing the hemorrhagic, cell-detachment, and proteolytic ¢
1986; Mandelbaum and Assakura, 1988; Mandelbatah,1989), tivities not only of B. aspervenom but of all examined venoms.
and as immunodiffusion tests showed that this mixture cross reacts

clearly with 9 of 11 additional examined venoms of crotalid snakes DISCUSSION

abundant in Central America (data not shown), this mixture was a|SQI_ _ . . . .
examined for its capacity to neutralize toxic activities of those 9 he basic therapeutic device used in Central America f

venoms. Indeed, Table 2 shows that the mixture was highly effectmake bite envenomation, generally causedbgsper(Bola-
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Venom Dose (x LD,,) FIG. 2. Inhibition of Bothrops aspervenom cell-detachment activity.

Fifty microliters containing 5Qug Bothrops asperenom was mixed with 10

FIG. 1. Inhibition of Bothrops aspevenom lethal activity. One milligram ug horse polyvalent antivenor®j, 10 ug B. asperserum fractions), 100 ug
of horse polyvalent antivenon®j, Bothrops aspeserum fractions), Natrix ~ Natrix tessellataserum fraction 4), 100 wg rabbit antiserum against whole
tessellateserum fraction4), rabbit antiserum against whole venoW)(rabbit venom {¥), 100 g rabbit antiserum against heated vena), 0.15m CaNg
antiserum against heated veno#),(0.15m CaNg EDTA () or PBS O) as EDTA (O) in 0.01 m phosphate buffer, pH 7.2, or PBS) as control, and
control was incubated with 0.25, 0.5, or 1 mg of the whole venom in 2.5 riihmediately added to 1501 medium in which the 1®murine endothelial cells
PBS for 1 hr at 37°C; 0.5 ml of each mixture (1, 2, and 4 LD50, respectivelyjere cultured. The number of floating cells was determined at various tir
was then injected into the caudal vein of four mice weighing 22—-25 g. Thietervals after the venom addition. Similar results were obtained with bovi
number of surviving mice was scored after 24 hr. endothelial cells.
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TABLE 2
Neutralization of Toxic Activities of Various Crotalid Snake Venoms by the Neutralizing Mixture

Hemorrhagié

Azocollase
VENOM MHD (ng) Dilution Cell-detachmefit (% inhibition) Gelatinase
Bothrops asper 10 1:80 100 83 8 100
Bothriechis schlegelii 5 1:12 100 87+ 4 100
Bothriechis lateralis 10 1:80 100 90t 4 100
Bothriechis nigroviridis >50 — 100 80+ 7 100
Porthidium godmani 5 1:50 100 92+ 6 100
Porthidium ophyromegas 10 1:30 100 92t 5 100
Porthidium nasutus 15 1:15 100 93t 6 100
Atropoides picadoi 2 1:80 100 85+ 10 100
Crotalus durissus durissus 40 1:15 100 93- 6 100
Lachesis muta stenophrys 12 1:2 100 88 6 100

Note. The neutralizing mixture was examined for its capacity to neutralize various toxic venom activities of crotalid snakes abundant in Central An

2 Hemorrhagic activity: 40Qul of PBS containing 8 MHD of each venom was incubated with various dilutions of the neutralizing mixture (5 mg/ml of se
fraction and 5 mg/ml horse polyvalent antivenom in OM&aNg EDTA) for 30 min at 37°C, and 10@. containing 2 MHD of each venom in the mixture
was injected into the back skin of three white mice. The highest dilution of the mixture which neutralized the hemorrhagic activity is indicated.

b Cell-detachment and proteolytic activities: the effect of the neutralizing mixture on the cell-detachment and proteolytic activitieg/imil 25 each venom
were examined as described under Methods. Venoms were incubated with the undiluted mixture for 1 hr at 37°C. Each experiment was done in tripli
percentage neutralization is indicated. The cell detachment results were obtained with both murine and bovine endothelial cell lines.

flos, 1982, 1984; Campbell and Lamar, 1989), is a horsatural antidotes were found Wipera palestina@ndCrotalus

polyvalent antivenom prepared by using an antigenic mixtuagrox sera, respectively, as compared to commercial polyvale
composed of the venoms Bf asper, C. durissus durisstend antivenoms produced for clinical use in Israel and North Ame
L. muta stenophrysAlthough the mortality resulting from ica (Ovadia and Kochva, 1977; Weissenbetal., 1991). On

Bothropsenvenomation was reduced by this antivenom, locghe other hand, CaNaEDTA, which is currently used as a
ized tissue damage was only partially inhibited (Gutiereéz color retention and flavoring agent in foods and as a chelati
al., 1981). agent for lead poisoning (Merck Index, 1989), is the mo

The hemorrhagic activity is one of the most significardtable material tested with almost unlimited shelf-life and is
pathophysiological effects induced b¥. asper venom very effective antihemorrhagic agent (Table 1; Borkeinal.,
(Moreiraet al., 1992), as well as by most crotalid and viperidl997). Because of its capacity to effectively neutralize tt
snake venoms (Ovadia, 1978; Ownby al., 1978; Ohsaka, hemorrhagic toxins of the venom at isotonic concentratior
1979). For this reason, we recently examined the capacity @dNg, EDTA was recommended for use as a component of
this antivenom, as well as other antivenoms, snake sera, natargihemorrhagic mixture (Borkoet al.,1997). Moreover, this
antidote fractions, and synthetic inhibitors, to neutralize theork shows that this synthetic material is also an effecti
hemorrhagic activity ofB. aspervenom. We found that a inhibitor of other venom activities (Table 1 and Fig. 2). The
mixture of the currently used polyvalent antivenom, fBe temporal activity of CaNaEDTA in preventing cell detach-
asperserum fraction, and CaN&DTA neutralized the hem- ment can be explained by the presence of phosphate in the
orrhagic activity of the venom very effectively, especiallyulture medium which can precipitate the calcium from th
when administereéh situ (Borkow et al., 1997). solution.

In the present study we examined the capacity of the six bestWe suggest that an immediatesitu administration of 0.15
antihemorrhagic materials, including the horse polyvalent am-CaNg EDTA, with or without the serum fraction, to coun-
tivenom, to neutralize other toxic activities Bf aspervenom. terattack the local hemorrhagic activity of the crotalid venom
On one hand, we conclude that the most efficient neutralizifglowed by intravenous administration of the polyvalent ant
factor was theB. asperserum fraction. It neutralized all ex-venom in the hospital, may prove to be a beneficial procedu
amined activities of the venom: the lethal, proteolytic, hemdhe stability of the nontoxic CaNaEDTA compound rein-
lytic, cell-detachment, and hemorrhagic activities. Its capacitgrces the possibility of using this substance as a local imm
to neutralize the lethal activity of the whole venom was vergiate first aid procedure in the field, by injecting the inhibito
pronounced compared to the other inhibitors. The generato the site of the snake bite. The immediate local injection
neutralizing capacities of this fraction agaifstaspervenom CaNg, EDTA could reduce the damage of the envenomatic
were higher than the currently used polyvalent antivenorsignificantly by neutralizing the hemorrhagic toxins rapidly
Similarly, 20- and 6-fold higher neutralization capacities dditu and by preventing the spread of the hemorrhagic effec
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and other toxic agents. This hypothesis is currently beingBaH1, the main hemorrhagic toxin d@othrops aspersnake venom on
evaluated in our laboratories. Current work also indicates thé©vine endothelial cellsToxicon33, 1387-1391. N
possible application of CaNe&EDTA in horse immunization Borkow, G., _Gutle_rr_ez, J. M., and Ovadia, M. (1997). Inhibition of the
for antivenom production (manuscript in preparation) hemorrhagic activity ofBothrops aspervenom by a novel neutralizing
. . ) mixture. Toxicon35, 865—877.
A mixture of the horse antivenom, thB. aspernatural . . . . .

. . . Bussolino, F., Guglielmetti, A., Ghigo, D., Percarmona, G., and Bosia,
ant_ld_ote fraction, and Calﬂd_EDTA. V_Vas the most effective (1992). Protein kinase C activation in murine endothelioma cell lines co
inhibitor of the hemorrhagic activity oBB. asper venom taining middle T antigen stimulated by platelet-activating facforLipid.
(Borkow et al., 1997). The cross reactivity of the polyvalent Mediat.5, 109-113.
antivenom with nine other crotalid venoms abundant in Centi@mpbell, J. A., and Lamar, W. W. (1989)he Venomous Reptiles of Latin
America led us to examine the capacity of this mixture toAmerica.Comstock, London.
counteract nine additional crotalid venoms. Chaim-Matyas, A., and Ovadia, M. (1987). Cytotoxic activity of various snak

This work shows that enrichment of the clinically used venoms on melanoma B16F10 and chondrosarcdrife. Sci. 40, 1601—

. . . 1607.
ahntlvenoml_wnh aB.ésperserum fraCtIOI’_] notbonlyl enha'anSDomont. G. B., Perales, J., and Moussatche, H. (1991). Natural anti-sn:
the nt_autrfalzatlon ob. _asp_erenvenomatlon, _ ut also can be venom proteinsToxicon29, 1183-1194.
effe_(:t've In the_neu_tral'zat'on of Oth_er crotalid Snake enven%’utierrez,l M., Chaves, F., Bolanos, R., Cerdas, L., Rojas, E., Arroyo, O., ¢
mations occurring in Central America. It also increases theportilla, E. (1981). Neutralizacion de los efectos locales del veneno
plausibility of enriching other existing antivenoms with the Bothrops aspepor un antiveneno polivalent&oxicon19, 493-500.
natural B. asperserum fraction, and opens the gate for thei®utierrez, J. M., Gene, J. A,, Rojas, G., and Odell, G. V. (1985). Neutralizati
enrichment with additional natural antidote fractions from seraof proteolytic and hemorrhagic activities of Costa Rican snake venoms b
of other medically important snakes. Further work shouldPOyvalent antivenomToxicon23, 887-893. _
therefore examine the enrichment of the clinically used anff!tiérez, J. M., and Lomonte, B. (1989). Local tissue damage induced

. . . . Eothropssnake venoms: A reviewMemorias Inst. Butantadl, 211-223.
venoms with such natural antidote fractions that can be isolated L
or produced Kerrigan, K. R. (1991). Venomous snakebite in Eastern Ecudduor.J. Trop.

Med. Hyg.44, 93-99.
Lomonte, B. (1985). Edema-forming activity of bushmastesichesis muta
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