
IA
US ARMY MEDICAL RESEARCH LABORATORY

FORT KNOX. KENTUCKY 40121

REPORT NO. 745

EFFECT OF THE ROUTE OF ADMINISTRATION ON THE
NEUTRALIZING POTENCY OF ANTIVENINS

(Final Report)
by

SWalter F. Kocholaty, Ph. D.
'Thomas A. Billings, B.S.

(• ]DBilly D. Ashley, M%. S.

•_•Edith B. Ledford, AB
and

Joyce C.Goetz, B.A,

30 June 1967

Distribution of this docutnent is unlirmiited.

UNITED STATES ARMY
MEDICAL RESEARCH AND DEVELOPMENT COMMAND



Dia•position

Destroy this report when no longer needed. Do not return it to
the originator.

In conducting the research described in this report, the investi-
gators adhered to the "Guide for Laboratory Animnal Facilities and Care,"
as promulgated by the Committee on the Guide for Laboratory Animal,
Resources, National Academny of Sciences-National Research Council.



IAD

REPORT NO. 745

EFFECT OF THE ROUTE OF ADMINISTRATION ON THE
NEUTRALIZING POTENCY OF ANTIVENINS

(Final Report)
by

Walter F. Kocholaty, Ph. D.
Thomas A. Billings, B.S.

Billy D. Ashley, M.S.
Edith B. Ledford, A.B.

and
Joyce C. Goetz, B.A.

Biochemistry Division
US ARMY MEDICAL RESEARCH LABORATORY

Fort Knox, Kentucky 40121

30 June 1967

Production of Polyvalent Antivenins
Work Unit No. 149

In-Houst Laboratory Independent Research
Task No. 00

In-House Laboratory Independent Research
DA Project No. 3A01 3001A91C

Distribution kJf this document is unlitnited.



USAMR L Report No. 745
DA Project No. 3A013001A91C

ABSTRACT

EFFECT OF THE ROUTE OF ADMINISTRATION ON THE
NEUTRALIZING POTENCY OF' ANTIVENINS

OBJECTIVE

To elucidate the causes of somne discrepancies in protective ac-
tion obtained with various antivenins.

RESULTS

Using a variety of venoms, it was denmonstrated that the route
of administration has a decisive influeice in the demonstration of the
protective effect of a given antivenin.

CONCI.,MS IONS

In testing the efficacy of aa L-nr ,e serum, both intravenous
and intraperitoneal ai'-ninistration bh,\d.!,' he given consideration.
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EFFECT OF THE ROUTE OF ADMINISTRATION ON THC
NEUTRALIZING POTENCY OF ANTIVENINS

INTRODUCTION

A recent paper (I) dealing with the inu-munization of rabbits with
photooxidized venorns of Bothrops atrox asper and of Crotalus du-is-
sus durissus described two distinctlv different irt munogenic respcases;
it appeared that they -globulin isolated from C. durissus durissL.•-im-
rnunized rabbits gave a high degree of protection against this venoni,
while the y -glhbulin isolated from B. alrox aer-i•m-unized animals
afforded no protection against the latter venom. Immunization of rab-
"bits with B. atrox a venom utilizing different adjuvants led to the
same result.

in another raper i2) it was reported tiat rabbits immunized with
photooxidized venom of E21a n showed a v'ery weak immunogenic re-
sponse.

Continuing the protection studies with mice by varying the routes
of injection of inmnunoglobulin and of venomr, it becamne evident that
protection could be obtained. Since it seemed unlikely that the y -glob-
ulins isolated from animals injected with B. atrox asper or N naja
venorn should be unique in this respect-- one strongly hemorrhagic and

necrogenic, the other a predominantly neurotoxic venora--the experi-
ments were extended to other venom immunoglobulins. The results
reported here tend to sl-ow that the route of administration is of decis-
ive importance in the dt-monstration of the protective effect in the anti-
venom-venom interaction and that it will vary with the type of venom
under study.

MATERIALS AND METHODS

All y -globulins from rabbits or iroin goats were isolated accord-
ing to Campbell et al (3), as described prev,tmui.I' Wyeth's anti-
venin (Crotalidae) polyvalent of equine urign I, , 07901 (expira-
tion date, 13 December 1970), and 13ent x Fratnim 11 -Vlubulin froin
rabbit, horse, respectively, were also used in the, & mtrol experitnents.

White Swiss mice, weighing /O-Z5 g, were isud in the toxicity
tests. The venoms administered were of tht samne origin as described
in previous papers (1, 2,4). Intravenoub (I. V.) injections were given
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into one of the tail veins of the ,nice; intraperitoneal (I. P. ) injections
were given into the lower )-ft quadrant of the abdomen.

Neutralization tests were conducted by incubating 100 mg amounts*
of the imnxunoglobulin,1 with varying LD50 doses of venom for b0 mnin-
utes at 37*C in a total volume oi 1. 0 or 1. 25 nil. Volumes of 0. ZO or

0. 25 ml containing ZS mg of the irnunoglobulin and appropriate
amounts of venom were given to mice by 1. V. injection.

Protection studies were carried out by i. V. or 1. P. injection of
the inrununoglobulins followed by the I. V. or I. P. administration of
vary.ng LDb0 doses of venom.

Survivors were counted 24 hours after the venom was administer-
ed.

RESULTS

Naia naja. In the preceding paper (2) it was reported that only
one-ha-o?• the sera (Group A, including #23-25, 31, 33) obtained fromn
ten rabbits immunized with 22 mg of photooxidized venom of Naja naja
gave a weak positive precipitin test up to the sixth dilution, while the
other half (Group B, including #Z6-30) of the sera were practically neg-
ative. Furthermore, it was shown that y -globulins isolated from sera
of Group A gave almost no protective effect when injected I. V. and the
mice challenged 30 minutes later by I. P. injection of venom produced
results which indicated that a test of the protective effect of the y -glob-
ulins isolated from sera of Group B would be superfluous. However, as
shown in Table I, when both injections were adnministered I. V. (y-glob-
ulin followed by various venom doses 30 minutes later), the protective

effect of the rabbit-globulins frorn sera of Group A was evident. Sur-
prisingly, protection was also obtained with the y-globulin preparation
from sera of Group B.**

I. V. -I. V. protection studies with rabbit immunoglobulin from
sera of Group C obtained by immunization of rabbits with double the
amount of photooxidized NLaa E venom could not be performed due
to lack of material.
*Twenty aig amounts were used with C. durissus durissus venom.

"**This would indicate that the pr'cipitf'n test carried out with whole

venom is oflittle value as a diagnostic test where the presence of a
variety of antigens and antibodies will influence their mutual so)ubil-
ities.



.. atrox as&er. As reported previously (I), no protection against
B. atrox asper venom was obtained with a y -globulin isolated from
rabbits that had been immunized with photooxidized B. atrox asper ven-

om. When the routes of injection were varied as in the experiments de-
scribed earlier, significant differences in the degree of protection were
obtained. These results a-e sumrmarized in Table Z.

Agkistrodon ,picivorus. The y -globulins obtained from rabbits
inoculated with photooxidized venom of Atkistrodon piscivorus report-
ed previously (4) were used. Differences in the protection level are
evident depending upon the various routes of administration. The re-
sults summarized in Table 3 show again that an I. V. -L V. admninistra-
tion of immunoglobulin arid venoty resulted in a higher LDrO protection
rate than an L V. -1. P. (globulin and venom) administration.

C. atrox and C. durissus durissus.* When the polyval3nt anti-
venin (Wyeth) was tested for its neutralization and protection properties
against C. atrox venom in mice using a procedure similar to that de-

scribed for venom, similarly as were the venoms described above,
co-nparable results were obtained using the different routes of admin-

istration (Table 4).

Similar conditions prevailed when Wyeth's antivenin was examn-
ined for its neutralization and protection properties against C. duris-
sus durissus venom (Table 5). In this case, however, the protection
values for the different routes of administration are reversed when
compared with the values for C. atrox and correspond to the peculiar
I. V. -1. P. toxicity of this venom.

Micrurus fulvius fulvius. A recent report (6) dealt with the pro-

duction of an immune serum in rabbits against the venom of the North
American coral snake. These experimnents were extended to goats to
provide a greater amount of the inmmnune serurn. Table 6 shows the re-
sults obtained using different routes of administration and of the pro-
tective effect produced by goat y -globulin.

The results of the studies are summarized in Table 7. The
"Ineutralization and protection capacities" were calculated according

*Neutralization and protection experiments were reported previously

using C. atrox (5) and C. durissus durissus venomns with y -globulin
derived from rabbits that had been imrn-urized with the photooxidized
venoms of these reptiles; however, the ainounts of y -globulin were

insufficient for a complete studs.
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to Reed and Muench (7). While such a calculation is uncommon, and
can at beat present an approxination, it is revealing inasmuch as it

demonstrates the differences obtainable by varying the route of admin-
istration. Lack of rabbit y -globulin, antivenbri prevented the comple-
tion of several neutralization experiments.

DISCUSSION

It is common to express the neutralization potency of an immune
serum in LD 5 0 of venom neutralized per ml of serum, and is deter-
mined by incubation of the components under standard conditions of
ti--ne and temperature followed by injection of the material into mice
of standard weight. Depending on the route of administration, the
neutralizing ability of the serum is then expressed in the appropriate

LD5 0 of venom I. V. or I. P. As indicated in Table 7, this can lead to
results varying as much as 100%. The question arises as to most ap-
propriate means for testing an immune serum. The same disparity
prevails in the protection tests. Actually, neither way affords a real-
istic approach to the effe4 .ct of venom in an actual snakebite. Enveno-
mation rarely occurs intraperitoneally, perhaps in rare cases intra-

venously, but usually what could be ternied intramuscularly or (per-
haps with small snakes) intradermally, with extremities the pricnary
locus of envenomation. Thus, the "neutralization" tests when conduct-
ed L V. or I. P. simply afford a convenient and reproducible route of
injection, as contrasted with an intramuscular or intraderrnal injection
that would simulate snakebite to a closer degree.

While the common denominator derived from these investigations
would appear to be for some venoms (B. atrox, M. fulvius, C. atrox,
G. durissus) the amount of venom neutralized by a given amnount of irn-
mune serum irrespective of the route of injection, this does not hold
true for other venoms (A. piscivorus, N. naia).

With the single exception of C. durissus durissus, the degree of
protection via the I. V. route is consistently higher than the I. P. ad-
ministration.

The variety of physical, chemical and physiologically active cofn-
ponents contained in snake venom and their wide range in molecular
weight would make for great differences in the kinetics of drug absorp-
tion and penetration to the site of action, depending upon the route of

adrnin;stration. It w iuld then seem that in order to arrive at a ration-
a! appraisal of the efficacy of immune serum, both I. V. and I. P. ad-
ministration should be given consideration; at least as long as one is
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uncertain of the chernical nature, pharmacological activity ind toxicity
of the variety of components cr.,tained in the venorns.

SUMMARY

Using a variety of venoms, it was demonstrated that the route
of administration has a decisive influence in the demonstration of the
protective effect of a given antivenin.

It ie suggested that in testing the efficacy of an immune serumr,
both intravenous and intraperitoneal administration should be given
consicer ration.
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TABLE 6

PROTECTION STUDIES AGAINST MICRURUS FULVIUS FULVIUS
VENOM IN MICE BY GOAT GLOBULIN*

LD 5 0  Neutralization Protection* Venorm Control
1.v. I.P. I.V. 1.P. LV. I.P.

1 .... 4/4 Z!.1

2 .... 4/4 7/3

2.5 - - - 1/4

3 - - - 0/5

4 0/4 0/4 0/4 0/3

5 0/3 0/4 - 3/4

6 4/4 1/4 1/4 -

7 - - 3/3 -

7.- - - 414

8 4/4 1/4 3/3

13 2/3

12 4/4

*Twenty-five m-kg got y -globulin for each test.

Numbers are deaths to 24 hours after injection over the total number
of mice used.
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