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PREFACE

The 1ethal and local effects of Crotalus horridus

horridus (timber rattlesnake) venom were measured. Local
effects include myonecrosis and hemorrﬁage. The ability of
polyvalent (Crotalidae) antivenin to neutralize these
effects was also measured.
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CHAPTER I
INTRODUCTION

Snakebite poisoning is a serious medical problem in
the United States and especially world wide. Swaroop and
Grab (1956) have estimated that between 30,000 and 40,000
deaths occur each year throughout ﬁhe world. Russell et
al. (1975) has reported that approximately 45,000 bites
occur each year in the United States with nearly 8,000
bites by poisonous snakes. In a cohprehensive study 1in
1959, Parrish (1980) recorded 6,680 poisonous snakebites in
the United States (excluding Alaska and Hawaii) resulting
in 15 deaths. The re]atiVe]y few number of deaths in the
United States is most likely due to the extensive use of
antivenom coupled with proximity to hospital facilities.
Antivenom, however, may not prevent the local effects
induced by snake venom. Such effects include hemorrhage,
myonecrosis and edema (Ohsaka, 1979; Ownby et al., 1982),
often resulting in the loss or dysfunction of the damaged
extremity. Therefore, although lethality is the primary
concern, the major health problem in the United States
today resulting from snake venom poisoning is the local

tissue destruction.



Various treatments have been tried in efforts to
reduce the effects of snake bites. One such method is
the ligature-cryotherapy method (Stahnke et al., 1957;
Stahnke and McBride, 1966). This method involves placing a
ligature above the injection site and then the placement of
the Timb into‘a cold environment. Stahnke proposes that
since most enzymes present in the venom are active at
temperatures between 37 and 45 degfees centigrade, the
cryotherapy technique would reduce or prevent the action of
these enzymes. However, many snake venoms contain toxic
components such as éyotoxin a (Cameron and Tu, 1977) that
are not enzymes but still cause serious local damage (Ownby
et al., 1976). Another treatment is the pressure-
immobilization technique, whereby the bitten limb is
wrapped tightly with an elastic bandage and immobilized
with a splint (Sutherland and Coulter, 1981; Glenn and
Straight, 1984). Sutherland and Coulter (1981), using
radioimmune assays, showed delayed movement of venom in
monkeys with this techhique. One problem with this
procedure, however, would be the poteﬁtia] of concentrating
within a small area those toxins or components of the venoﬁ
responsible for the local effects.

Another method employed is inciéion—suction, where an
incision is made at the site of injection and direct
suction is applied. The effectiveness of this treatment
requires administration very soon if not immediately after

poisoning (McCollough and Gennaro, 1970; Russell et al.,



1973; Efrati, 1979). McCollough and Gennaro (1970)
reported that 50% of the injected venom was recovered if
suction was applied within three minutes of a subcutaneous
injection. A similar method is debridement of the wound
and fasciotomy (Efrati, 1979);' This technique involves the
surgical removal of the tissue at the site of injection,
based on the idea that most of the venom remains in the
local area. Huang et al. (1974), treating 54 patients,
claimed that by mechanically removing the tissue containing
the injected venom, most of the venom can conceivably be
eliminated, thereby reduciné the magnitude of the systemic
intoxication and the Tlocal éffects, With severe snake
venom poisoning, circu]ator& shock is common and fluid
should be administered. Scﬁaeffer et al. (1978) reported
that fluid infusion with albumin increased survival in rats
after an injection of an LDgg dose of venom.

By far the most common :treatment for snake venom
poisoning is serotherapy utf]izing antivenoms specific for
snake venoms or polyvalent 5ntivenoms such as used in the
present study. The use of qntisera is based on the
antibody affinity for speciffc toxic components in the
venom. Often, corticosteroids such as cortisone and
antihistamines are included with antivenom treatment to
help in the management of systemic effects such as shock,
anaph&]axis and serum sickness (Schottler, 1954; Allam et
al., 1956; McCollough and Gennaro, 1970; Schaeffer et al.,
1979).



The most widely used antivenom in the United States
and that used in the present study is polyvalent
(Crotalidae) antivenin, subsequently called polyvalent
antivenom, available from Wyeth's Laboratories, Marietta,
Pennsylvania. ‘Po]yvalent antivenom is serum from horses
inoculated with é mixture of venoms from four species of

snakes: Bothrops atrox, Crotalus atrox, Crotalus

adamanteus and Crotalus durrissus terrificus. These venoms

were chosen because of the paraspecific protection against
other venoms offered by the antivenom due to common
antigens in venoms (Criley, 1956; Minton, 1976).

There have been several studies to determine lethality
neutralization by bo]yva]ent éntivenom. Minton (1954)
showed no significant neutralization of letha]fty induced

by C. atrox or C. adamanteus venoms whether antivenom was

administered fifteen minutes before or fifteen minutes
after venom injection in mice despite the fact that these
venoms are used in the antivenom production. Perhaps
because of the variation in the toxicity of venoms even
within the same species (Minton, 1954), the results are
quite variable. Some LDgg values and the amounts of venom
neutralized by antivenom for C. h. horridus and C. v.
viridis venoms are as follows: Crf]ey (1956) reported a
2.78 micrograms/gram LDgg (i.v., mice) for C. h. horridus
venom; 0.1 ml antivenom neutralized three times the LDgg in
‘mice. Minton (1954) reported a 9.15 micrograms/gram LD 59

(i.p., mice) for C. h. horridus venom; 0.1 ml antivenom



allowed survival of five of fourteen mice given two times
the LDgy dose if administered fifteen minutes after venom
injection. Criley (1956) reported a 1.06 micrograms/gram
LD 5g (i.V., mice) for C. v. viridis venom; 0.05 mil
antivenom neutralized 2.21 times the LDgy dose. Ownby et
al. (1983) reported a 3.0 micrograms/gram LDgg (i.m.,
mice) for C. v. viridis venom; 0.05 ml antivenom
neutralized six times the LDgy dose.

The ability of polyvalent antivenom to neutralize
lethality 1n‘the é]inica] situation is related to the
amount of time between venom deposition and antivenom
administration. Russell et al. (1973) showed with C. v.
helleri venom that administration of antivenom sixty
minutes after venom injection resulted in no increase in
survival time. With antivenom given ten minutes, twenty
minutes and thirty minutes after injection, increases of
60%, 50% and 33%, respectively, in survival rate were
recorded. An 80% survival‘rate was recorded when antivenon
was injected at the time of poisoning. Minton (1954)
recorded the survival of three out of six animals when
antivenom was injected (i.p.) fifteen minutes before
injection of C. h. horridus venom but survival of only five
of fourteen anima]s when antivenom was injected fifteen
minutes after venom injection.

Polyvalent antivenom has been shown to be effective in
neutralizing hemorrhage induced by rattlesnake venoms.

Ownby et al. (1984a) showed that antivenom neutralized



hemorrhagic activity of a 24.0 micrograms/gram dose of C.
V. viridis venom and that of a 12.0 micrograms/gram dose of

C. atrox venom. The inability of antivenom to neutralize

myotoxic activity of C. v. viridis venom (Ownby et al.,
1983) has generated efforté to produce an antiserum capable
of neutralizing the myonecrotic effects of such venoms.
Ownby et al. (1979) produced an antiserum in rabbits
against myotoxin a isolated from C. v. viridis venom. It
has been shown in vitro to neutralize myonecrosis caused by
crude C. v. viridis venom (15 micrograms venom per 0.09 ml
antiserum). This is to be compared with 3.8 micrograms
venom neutralized by 0.09 ml of polyvalent antivenom (Ownby
et al., 1983). Additionally, antimyotoxin serum is able to

neutralize in vivo a 0.75 micrograms/gram dose of crude C.

V. viridis venom, even if injected thirty minutes after
venom injection (Ownby et al., 1983). Clinically, the
difficulty in the treatment of snakebite cases involves
many factors including the health of the individual, the
time between envenomation and treatment, and most
importantly, the quantity and toxicity of the venom. Snake
venoms are very complex solutions containing hemorrhagic
toxins, myotoxins and neurotoxins (Cameron and Tu, 1977;
Sullivan et al., 1979; Sullivan and Geren, 1979). Venoms
also contain many enzymes such as phospholipases, L-amino
acid oxidases, nucleotidases, phosphodiesterases,
cholinesterases, hyaluronidases and esterases (Iwanaga and

Suzuki, 1979). Additionally, venoms cause alterations in



the normal hemostatic mechanisms due to activities of
coagulant and anticoagulant substances (Iwanaga and Suzuki,
1979), often leading to circulatory shock (Schaeffer et
al.,‘1979). The purpose of the present study was to
measure the local and lethal effects induced by C. h.
horridu§ venom and to determine thé ability of polyvalent

(Crotalidae) antivenin to neutralize these effects.



CHAPTER II
MATERIALS AND METHODS
Venom

Crude, lyophilized C. h. horridus venom was purchased
from Ross Allen Laboratories‘(lot #9363). This same lot

was used in all experiments.
Antivenom

Wyeth's lyophilized poiyva]ent (Crotalidae) antivenin
(1ot #17601, Wyeth Inc., Marietta, Pennsylvania) was
reconstituted with 10.0 m1 bacteriostatic water and kept
frozen before use. The same lot was used in all

experiments.
Animals

Female white mice (CD-1) were purchased from Charles
Rivef. The following weight classes were used:
myonecrosis 18-24 grams; hemorrhage 23-26 grams; lethality
25-31 grams. Injection volumes were adjusted to 0.1 ml per

20 grams body weight.
Quantitation of Myonecrosis

Two indices were used to quantitate myonecrosis



induced by C. h. horridus venom. The vacuolation index is
defined as the number of vacuolated cells divided by the
total number of cells counted per mouse. It is a measure
of the myotoxin a activity of the venom (Ownby et al.,
1976). VThe myonecros{s index, which iﬁc]udes vacuolated
cells, is defined as the number of necrotic cells divided
by the total number of cells qounted ber mouse. It is a
measure of the total myotoxic activity of the venom. At
least 1,000 - 2,000 cells were counted per mouse.

The injection site was the dorso]aferal aspect of the
right thigh. ,Animé]s were killed by cervical dislocation
and the medial éspect (opposite of the injection site) was
removed so as to avoid the tissue damage by the needle and
fixed in 2% glutaré]deﬁyde in 0.27M cacodylate buffér for
two hours. Each muscle section was washed three times with
cacody]ate buffered wash (with sucrose), fixed for one hour
in 1% 0s0gq in distilled water, and embedded in plastic
using Poly/Bed 812 resin purchased from Polysciencés, Inc.
(Warrington, Pennsy]Qania). The tissue was oriented in the
block to provide gross-sections of mdsq]e. Five blocks
from each mouse were sectioned using an LKB ultramicrotome
at a thickness of 1.0 micrometers, stained with Mallory's
trichrome and counted (visible at 100X) using a Zeiss light

microscope equipped with ayzeiss MOP 3 Image Analyzer.
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Neutralization of Myonecrosis

Crude lyophilized C. h. horridus venom was dissolved

in 0.85% NaCl (physiologic saline, PSS) so as to give five

stock solutions with concentrations ranging from 1.2 mg/ml

to 0.075 mg/ml.. A volume of 0.1 ml of

mixed with 1.0 ml of either 0.85% NaCl

antivenom, allowed to mix for one hour

centigrade, centrifuged in a Brinkmann

the supernatant stored at zero degrees

needed. The injection volumes, 0.1 ml

these solutions was
or polyvalent

at four degrees
3200 microfuge and
centigrade until

per 20 gram mouse,

contained doses ranging from 6.0 to 0.38 micrograms/gram.

Control animals received injections of

polyvalent antivenom alone.

0.85% NaCl or

The experimental design included six repetitions with

each mouse receiving one dose. The mice were killed 24

hours after injection and the tissue processed as described

above under Quantitation of Myonecrosis. The mean +

standard error (S.E.) was determined for each dose and

treatment.

Pathogenesis of Myonecrosis

This experiment was performed to determine the most

suitable time to take tissue for the neutralization studies

and to observe the time of maximum vacuolation as compared

to that of myonecrosis. Crude C. h. horridus venom was

dissolved in 0.85% NaCl at a concentration of 0.8 mg/ml.

This corresponds to a 4.0 micrograms/gram dose based on an
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injection solution of 0.1 mi1/20 gram mouse. The mice were
injected i.m. in the dorsolateral aspect of the right
thigh. Muscle tissue was removed from the medial aspect of
the thigh opposife the injection site af the following
times post-injection: 15 and 36 minutes, 1, 3, 6, 12, 24,
48, 72 and 96 hours, 1, 2 and 4'wéeks. The muscle tissue
was processed for cross-sections as described above under
Quantitation of Myonecrosis. Each experiment was repeated
four times. Between 1,000 and 2,000 cells were counted for
each mouse. " Vacuolation and myonecrosis indices were used

and the results are reported as mean + S.E.
Quantitation of Hemorrhage

A new method developed by Ownby et al. (1984a)vfor
quantitating the‘amount of hemoglobin in the muscle at the
injection site was used as the measure of hemorrhage
induced by C. h. horridus venom. Mice were injected (i.m.)
in the dorsolateral aspect of the right thigh. One and
one-half hours after injection, the mice were killed by
cervical dislocation. A section of the medié] aspect of
the thigh was removed, placed in 3.0 ml distilled water
énd homogenized for 30 seconds using a Brinkmann Polytron
PT 1035 (Brinkman Instrumeﬁts, Westbury, New York) at a
setting of five. The homogenate was centrifuged in a
clinical centrifuge for five minutes at room temperature at
maximum speed (3,000 RPM). The supernatant was centrifuged

in a Sorvall RC2B centrifuge for 30 minutes at 18,500 RPM,
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four degrees centigrade. Hemoglobin was measured using the
cyanmethemoglobin method according to Sigma technical
bulletin 525 except that double strength Drabkin's solution
(one vial per 500 ml distilled water) was used. The
supernatant (1,800 microliters) was removed so as to
prevent mixing with the ovéf]ying 1ipidl1ayer. It was
added to 5.0 ml of double strength Drabkin's solution,
mixed and left sitting for at least 15 minutes to allow
color development. The lyophilized methemoglobin standard
(stock no. 525-18) supplied with the kit hurchased from
Sigma Chemical Company (St. Louis, Missouri) was also mixed
with double strength Drabkin's solution. Absorbance at
540nm was read using a Beckmann DU-8 spectrophotometer.

The grams per 100:m] of hemoglobin were fead from a
standard curve. A standard curve was produced for each
experiment and the same standard solutions were used for
each standard curve. All results are expressed as
corrected gram % hemoglobin, determined by dividing the

gram % hemoglobin by the weight of the muscle.
Neutralization of Hemorrhage

Crude C. h. horridus venom was dissolved in 0.85% NaCl
so as to give nine concentrations ranging from 9.6 mg/ml to
0.038 mg/ml. A volume of 0.1 ml of these stock solutions
was added to 1.0 ml of either 0.85% NaCl or polyvalent
antivenom, allowed to mix for one hour at four degrees

centigrade, centrifuged in a Brinkmann 3200 microfuge for
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two minutes, and the supernatant stored at zero degrees
centigrade until needed. The injection volumes, based on
0.1 m1/20 gram mouse, contained nine halving doses from
48.0 to 0.19 micrograms/gram. Control animals received
injections of 0.85% NaCl or polyvalent antivenom alone.
Each experiment was repeated eight times. The mice
were killed by cervical dislocation one and one-half hours
after injection and the amount of hemorrhage determined.

Results are reported as the mean + S.E.
Determination of LD g

Ten doses, based on a 0.1 ml1/20 gram mouse injection,
were prepared rangfng from eleven to two micrograms/gram.
Five mice per group received i.m. injections in the
dorsolateral aspect of the right thigh. Twenty-four hours
after injection, the number of dead mice for each dose was
recorded. LDgy values were determined using the method of
Litchfield and Wilcoxin (1949). The experiment was done

twice.
Neutralization of Lethality

Crude lyophilized C. h. horridus venom was dissolved
in 0.85% NaCl so as to give two stock solutions at
concentrations of 2.5 times and 5.0 times LDgg values (5.25
mg/ml and 10.5 mg/ml respectively). Volumes of 0.5 ml of
the stock venom solutions were mixed with 0.5 ml of either

0.85% NaCl1 or polyvalent antivenom, allowed to mix one hour
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at four degrees centigrade, centrifuged for two minutes in
a Brinkmann 3200 microfuge, and the supernatant removed and
stored at zero degrees centigrade until needed. Each group
of five mice received injections, based on 0.1 ml per 20
gram mouse, in the dorsolateral aspect of the right thigh.
Twenty-four hours after injection, the number of dead mice
divided by the number of mice used was recofded. If all
mice in the antivenom group suryived while all in the

control group died, neutralization was considered complete.
Immunodiffusion

Agarose was disso]ved}in distilled water to give a 1%
solution. A small amdunt of sodium azide was added to
prevent bacterial growth. Eight plates were prepared using
6.0 ml per dish. Each dish measured 5.3 cm in diameter.
The agar was cut using a template giving one center well
and six outer wells., The distance between wells measured
9.0 mm. Each well was filled twice with approximately 20
microliters of solution at 10 minute intervals. Varying
concentrations of crude C. h. horridus venom were tested
against varying concentrations of polyvalent antivenom and
anti-myotoxin a serum (prepared from rabbits, Ownby et al.,
1979). The plates were allowed to develop for 20 hours at

room temperature before being photographed.
Statistical Analyses

Analysis of variance was performed to determine
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variation within the experiments for neutralization of
myonecrosis and neutralization of hemorrhage. Tukey's
honestly significant difference test (Wilcox et al., 1979)
was performed to determine significant difference between a
pair of means. Results were determined as significant at

p<0.05.



CHAPTER III
RESULTS
Pathogenesis of Myonecrosis

Injectiﬁn of crude C. h. horridus venom i.m. in mice
causes, among other effects, vacuolation and necrosis of
muscle cells. Figure 1 shows a light micrograph of a
representative tissue section with cells in the vacuolated
state. Figure 2 shows cells in the necrotic state. These
states can be quantitated using light microscopy to obtain
vacuolation and myonecrosis indices. Figure 3 illustrates
the change in vacuolation and myonecrosis indices over time
at venom doses of 4.0 micrograms/gram. The number of
muscle cells in the vacuolated state peaks near 12 hours
after injection and does not significantly change after
this time. Visual inspection shows an apparent decrease in
the number of vacuolated cells at later times after
injection. Myonecrosis, however, increases with time until
48 hours after injection. Beyond 48 hours, it became
difficult to count individual cells. At 72 hours (Figure
4), many of the muscle cells were amorphous masses.
Macrophages were often seen inside and around damaged
muscle cells. At one week after injection (Figure 5),

small cells with centrally placed and often double nuclei

16



Figure 1. Light micrograph of a representative section of
mouse skeletal muscle 24 hours after
injection of a 4.0 micrograms/gram dose
(i.m.) of crude Crotalus horridus horridus
venom illustrating vacuolation.

V, vacuolated muscle cells
M, normal muscle cells (X 136)

Figure 2. Light micrograph of a representative section of
mouse skeletal muscle 24 hours after
injection of a 4.0 micrograms/gram dose
(i.m.) of crude Crotalus horridus horridus
venom illustrating necrosis. Note necrotic
(N) muscle cells. A cell with
hypercontracted myofilaments (N) is located

on the left half of the figure. (X 256)
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Figure 3. Comparison of myonecrosis and vacuolation
induced by crude Crotalus horridus
horridus venom in female white mice at a
4.0 micrograms/gram dose (i.m.).
(e necrotic cells; o vacuolated cells)
Values are mean + S.E. (n=4)
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Figure 4. Light micrograph of a representative section of
mouse skeletal muscle 72 hours after
injection of a 4.0 micrograms/gram dose
(i.m.) of crude Crotalus horridus horridus
venom. Note amorphous necrotic muscle cells
within the arrows. (X 328)

Figure 5. Light micrograph of a representative section of
mouse skeletal muscle one week after
injection of a 4.0 micrograms/gram dose
(i.m.) of crude Crotalus horridus horridus
venom. Note regenerating muscle cells (R)

with centrally placed nuclei (arrow heads).
(X 275)
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were obvious. At doses of 1.5 micrograms/gram or higher,
many macrophages were located intracellularly with large
numbers of fibroblasts and diffuse connective tissue
located in the extracellular spaces. At higher doses, the
myofilaments of some cells were hypercontracted, forming
dark bands across the cell (Figure 2). Many erythrocytes
were observed in the extracellular spaces due to hemorrhage

induced by the venom.
Neutralization of Myonecrosis

Figure 6 illustrates that polyvalent antivenom
significantly neutralized (p<0.05) myonecrosis at venom
doses of 3.0 and 6.0 micrograms/gram. Although the
statistical analysis did not show it to be significantly
different at p<0.05, the data indicated that the
myonecrosis induced by venom plus 0.85% NaCl to be less
than that induced by venom plus polyvalent antivenom at
doses of 0.38 and 0.75 micrograms/gram.

Figure 7 shows the ability of polyvalent antivenom to
neutralize vacuolation of muscle cells. There was a
significant difference only at 0.75 micrograms/gram
(p<0.05). As with the myonecrosis index, vacuolation
induced by venom plus 0.85% NaCl was less than that induced
by venom plus polyvalent antivenom.

Figure 8 shows the number of necrotic cells at each
dose level excluding the yacuo]ated cells. This graph

illustrates the ability of polyvalent antivenom to



Figure 6. Effect of polyvalent antivenom on myonecrosis
induced by crude Crotalus horridus horridus
venom injected i.m. in female white mice as
measured by myonecrosis index.

(o C. h. horridus venom + antivenom)
(o C. h. horridus venom + PSS)
Values are mean + S.E. (n=6)

* indicates significant at p<0.05
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Figure 7. Effect of polyvalent antivenom on myonecrosis
induced by crude Crotalus horridus horridus
venom injected i.m. in female white mice as
measured by vacuolation index.

(o C. h. horridus venom + antivenom)
(e C. h. horridus venom + PSS)
Values are mean * S.E. (n=6)

* indicates significant at p<0.05
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Figure 8. Effect of polyvalent antivenom on myonecrosis
induced by crude Crotalus horridus horridus

venom injected i.m. in female white mice as
measured by myonecrosis index excluding
vacuolated cells.

(o C. h. horridus venom + antivenom)

(o C. h. horridus venom + PSS)

Values are mean + S.E. (n=6)

* indicates significant at p<0.05
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significantly reduce myonecrosis at doses of 3.0 and 6.0
micrograms/gram. There was a trend towards the reduction
in necrosis at 1.5 micrograms/gram although not

significant according to statistical analysis. There was
also no significant reduction in myonecrosis at doses of

0.38 and 0.75 micrograms/gram.
Neutralization of Hemorrhage

Figure 9 shows the ability of polyvalent antivenom to
significant]y’neutralize (p<0.05) the hemorrhagic activity
of venom at doses between 3.0 and 12.0 micrograms/gram.
Although not significant, po]yva]eny antivenom markedly
reduced hemorrhage at the 24.0 micrograms/gram dose. At
doses of 1.5 micrograms/gram and lower, the amount of
hemorrhage induced was too low for detection of a

significant difference between the two treatments.
LDy Determination and Neutralization of Lethality

The LDgg for C. h. horridus venom (lot #9363) was
determined to be‘5.5 micrograms/gram. Neutralization
studies showed that polyvalent antivenom was able to
neutralize only a 2.5 times LDgg dose of crude C. h.
horridus venom. A1l mice Tived at 2.5 times the LDgg dose
while all mice died when the same concentration of venom
was mixed with 0.85% NaCl. A1l mice died at the 5.0 times
LD5g dose whether mixed with polyvalent antivenom or 0.85%

NaC1l.



Figure 9. Effect of polyvalent antivenom on the amount
of hemorrhage induced by crude Crotalus
horridus horridus venom injected i.m. in
female white mice as measured by mean
corrected hemoglobin method.

(o C. h. horridus venom + antivenom)

(e C. h. horridus venom + PSS)

Values are mean + S.E. (n=8 unless
otherwise indicated in parenthesis;

all mice died in the venom + PSS 48.0 hour
group)

* indicates significant at p<0.05
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Immunodiffusion

Figure 10 shows the results of immunodiffusion
plates. Two precipitin bands were formed between C. h.
horridus venom and polyvalent antivenom (undiluted) when
the venom was placed in the center well at a concentration
of 2 mg/ml (Figure 10A). Two precipitin bands also formed
between undiluted polyvalent antivenom in the center well
and C. h. horridus venom in thevfirst three outer wells at
concentrations of 2 mg/ml, 1 mg/ml and 0.5 mg/ml (Figure
10B). No bands were observed between polyvalent antivenom
and C. h. horridus venom at lower concentrations of either
solution. No bands were observed between venom and
anti-myotoxin a serum using a venom concentration of 2

mg/ml.
Summary

Table I summarizes the ability of polyvalent antivenom
to neutralize hemorrhage, myonecrosis and lethality,
presented as the micrograms of venom neutralized by 0.1 ml
of polyvalent antivenom. The amount of venom neutralized
when hemorrhage was measured very closely matches that

neutralized when lethality was measured.



Figure 10. Immunodiffusion plates containing polyvalent
antivenom and crude Crotalus horridus
horridus venom. (A) Center well contains
C. h. horridus venom at a concentration of
2.0 mg/ml. Outer wells contain serial
two-fold dilutions of polyvalent antivenom
beginning with undiluted antivenom in well
one. (B) Center well contains undiluted
polyvalent antivenom. Outer wells contain
serial two-fold dilutions of C. h. horridus
venom beginning with a concentration of 2.0
mg/ml in well one.
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TABLE I

ABILITY OF POLYVALENT (CROTALIDAE) ANTIVENIN TO
NEUTRALIZE Crotalus horridus horridus VENOM

Parameter ‘ Venom Neutralized per
Measured 0.1 ml Antivenom

Myonecrosis ‘ 120 micrograms
Hemorrhage ‘ 240 micrograms
Lethality ‘ 210 micrograms

(performed in female white mice, i.m. injections)



CHAPTER IV
DISCUSSION

The ability of polyvalent (Crotalidae) antivenin to
neutralize the local effects (myonecrosis, vacuolation and
hemorrhage) and lethality induced by C. h. horridus venom
was 1nvestigafed. Myonecrdsis indﬁced by C. h. horridus
venom resembles that induced by Q. V. viridis venom. The
present study with C. h. horridus venom shows the apparent
presence of a myotoxin a-like component, evidenced by the
similarity in the vacuolation produced by C. h. horridus
venom to that produced by pure myotoxin a (see Figure 1).
In 1977, Cameron and Tu reported the isolation of a small
(MW 4,100 daltons), basic polypeptide from the venom of C.
v. viridis. Ownby et al. (1976) illustrated the effects of
this compound, myotoxin a, on skeletal muscle. Necrosis
induced by myotoxin a was shown to be very similar to that
caused by crude C. v. viridis venom (Sﬁringer et al., 1972;
Ownby et al., 1983). The vacuolation that occurs with
myotoxin a and the homologous crude venom results when the
amount of extracellular fluid inside the cell increases,
manifested by dilatation of the sarcoplasmic reticulum,
producing vacuoles. Ownby et al. (1976) proposed that

+ o+
myotoxin a might inhibit the Na /K ATPase, allowing influx
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+
of Na and water, resulting in vacuolation and eventually
necrosis of skeletal muscle cells. Crotamine, another
small molecular weight (5,000 daltons), basic protein

isolated from the venom of C. durissus terrificus and shown

by Cameron and Tu (1978) to be almost identical to myotoxin
a, has been shown to cause an increase in the influx of
24Na+ across the sarcolemma (Chang and Tseng, 1978) by
interacting with a sodium channel regulator.

The pathogenesis of myonecrosis induced by C. h.
horridus venom (see Figure 3), however, indicates that
vacuolation does not contribute a large part to the death
of muscle cells. The number of cells that are vacuolated
peaks at 12 hours after injection of a 4.0'm1crograms/gram
dose. Even at this point, vacuolated cells represent only
33% of the total necrotic cells. Although it became
impossible to quantitate the necrosis induced by tﬁis dose
after 48 hours due”to the difficulty in distinguishing
individual cells, the number of vacuolated cells appeared
to decrease in number consistently after 12 hours.
Myonecrosis, however, showed a steady increase over time,
‘having not reached a peak even at 48 hours. The question
remains as to whether all vacuolated cells ultimately
become necrotic. The type of study presented here cannot
address this question. One can state, however, that the
contribution of vacuolated cells to the total necrosis
induced by crude C. h. horridus venom is somewhat small

compared to C. v. viridis venom although some contribution
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is obvious. Calculations from eight experiments performed
by Ownby et al. (1983) show that at the doses of 0.38, 0.75
and 1.5 micrograms/gram of crude C. v. viridis venom, the
contribution of vacuolated cells to total myonecrosis are
61.1%, 33.1% and 49.8%, respective]j.‘ The values for
crude C. h. horridus at the same dbses afe 26.7%, 11.9%

and 36.2%, based on data from six experiments.

The ability of polyvalent antivendm to neutralize
myonecrosis induced by crude C. h. horridus venom is
somewhat difficult to explaiﬁ. The results showed
significant neutralization at the 3.0 and 6.0
micrograms/gram doses of venom. Ownby et al., (1983)
reported that polyvalent antivenom neutralized only a 0.38
micrograms/gram dose of crude C. v. viridis venom. The
neutralization of myonecrosis induced by C. h. horridus
venom may be due to antibodies\present in the antivenom
against myotoxic components of the venom. Additionally,
however, some myonecrosis qould be due to ischemia of the
muscle cells as a result of hemorrhage caused by the venom.
Therefore, neutralization of hemorrhage at these doses
could indirectly lead to reduction of myonecrosis.
Immunodiffusion shows the presence of antibodies in
polyvalent antivenom to crude C. h. horridus venom,
although it is impossible to say from this study whether
these are directed against hemorrhagic toxins, myotoxins,
or against viriditoxin-like components of the venom that

cause both hemorrhage and myonecrosis (Ownby et al., 1978;



40

Fabiano and Tu, 1981; Gleason et al., 1983).

The failure of antivenom to neutralize myonecrosis at
lower doses of venom is inconsistent with that observed at
higher doses. At doses below 1.5 micrograms/gram of crude
C. h. horridus venom, addition of polyvalent antivenom
before injection appears to enhance necrosis of the muscle
cells. This seems to be due to an increaseuin vacuolation.
At a dose of 0.75 micrograms/gram, there is a significant
(p<0.05) increase in vacuolation with the addition of
antivenom as compared to 0.85% NaCl (see Figure 7).
Analysis of variance for the data presented in Figure 7
indicated interaction between the treatment and dose at the
0.75 micrograms/gram dose. Comparing graphs presented in
Figures 6 and 8, one can see by excluding vacuolated cells
from the total necrotic cells, the graphs more closely
resemble each other at the lower doses. Working with crude
C. v. viridis venom, Ownby et al. (1983) showed similar
results with vacuolation when comparing venom plus 0.85%
NaCl and venom plus normal horse serum, where vacuolation
with horse serum was significantly (p<0.05) higher than
that with physiologic saline. This would indicate some
interaction between the horse serum and the venom resulting
in an increase in vacuolation. As polyvalent antivenom is
horse serum, the two sets of data are consistent.

Antivenom is, however, able to neutralize necrosis of
muscle at higher doses and is more effective against

C. h. horridus venom than C. v. viridis venom, perhaps due
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to the lesser importance of myotoxin ain C. h. horridus
venom.

Polyvalent antivenom was able to significantly

neutralize hemorrhage induced by doses of 3.0, 6.0 and 12.0
micrograms/gram of crude C. h. horridus venom and to
markedly reduce hemorrhage at a 24.0 micrograms/gram dose.
Doses beiow 3.0 micrograms/gram did not cause enough
hemorrhage fo‘detect any significant difference between
means of either treatment. This corresponds well with data
presented by Ownby et al. (1984a) in which polyvalent
antivenom significantly reduced (p<0.05) hemorrhagic
activity at a 24.0 micrograms/gram dose of C. v. viridis
venom and a 12.0 micrograms/gram dose of C. atrox venom.
At the higher doses (12.0 and 24.0 micrograms/gram) of C.
h. horridus venom, the amount of hemorrhage seems to
plateau. This could be because hemorrhage has reached its
highest peak. However, it may also be due to a technical
problem caused by a 1loss of blood while the tissue was
being remoVed since the amount of blood present was great.
At these higher doses, much of the blood is removed with
the skin during tissue removal. The results do indicate
that polyvalent antivenom is very effective in neutralizing
hemorrhage induced by crude C. h. horridus venom, |
neutralizing slightly more than two times the reported
LDgg.

The lethal activity of crude C. h. horridus venom is

most Tikely due to the interaction of several toxins in the
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venom (Sullivan et al., 1978). The presence of several
toxic components has been reported, including a neurotoxin
(Bonilla and Fiero, 1971), a phospholipase A (Kocholaty et
al., 1971), a bradykinin releasing enzyme (Deutsch and
Diniz, 1955), and‘several hemorrhagic toxins (Sullivan et
al., 1979; Civello et al., 1983a). Of these, the
hemorrhagic toxins are probably most important in lethality
since three of five hemorrhagic toxins isolated from C. h.
horridus vénom'by Sullivan et al. (1979) proved to be
lethal. In the present study, examination of dead animals
injected i.m. with lethal doses showed large amounts of
blood and fluid in the abdomina] cavity. The LDgg for the
venom used inxthis study of 5.5 micrograms/gram was
determined using an i.m. injeﬁtion route.A Moran and Geren
(1979) reported an LDgg of 5.1 micrograms/gram using a s.c.
route for C. h. horridus venom. Our results show that
antivenom can neutralize a 2.5 times LDgg dose (5.5
micrograms/gram) but not a 5.0 times LDgg dose. Much of
this neutralization may be due to the effectiveness of
antivenom to neutralize hemorrhagic activity. This is
supported by the fact that all mice died in the 0.85% NaC1l
control group receiving doses of 48.0 micrograms/gram while
those receiving pb]yva]ent antivenom all lived (see Figure
9). Ownby et al. (1983) showed that polyvalent antivenom,
when injected i.m., neutralized six times the LDgg (3.0

micrograms/gram) of crude C. v. viridis venom in vitro.
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In conclusion, the present study indicates that the
most widely used antivenom in the United States, polyvalent
(Crotalidae) antivenin, is able to neutralize myonecrosis
at doses of 3.0 and 6.0 micrograms/gram, hemorrhage induced
by doses of 3.0, 6.0 and 12.0 micrograms/gram and lethality
induced by 2.5 times the LDgg for crude C. h. horridus

venom.
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