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Effect of adjuvants on the antibody
response of mice to Bothrops asper
(Terciopelo) snake venom

A !;\flj'cavado‘,::I"
E. Moreno? and_; ¢
.M. Gutiérrez?

nstituto Clodomwo Picado; F&Luitad de M:{:mbxol%la, Unwesﬁldad dc Costa Rica,
José, Costa Rica
ogiama de invnszlgaméﬂ en £nfe¢medades Tropaca\es Escuela de Medxcma
1nan1, Unnvpmlriad Nar nnal Heredia, Cns:a Rica -

Carrespondence

L8 Gunérrez

tnslitule Clodomiro Picado
Faculiat de mMicrobiclogia
Universidad de Costa Rica
San josé

Costa Rica

Faw: (50612920485

fomatl: |Guner fReanan. ucr.ac or

Regearch supported by
Vicerrectoria de Investigacidn,
Universidad de Costa Rica
(No. 7471.89-057), ard by the
International Foundatien for

Sdence (No. F/OBB3-4).

Received March 8, 1996
Accepted June 18, 1996

Abstract

Theadjuvant properties of several immunostimulant molecules on the
murinc antibody response to Bothrops asper snake venom were
evaluated, Mice receiving venom together with either sodium algi-
nate, calcium alginate, aluminum hydroxide, muramyl dipeptide,
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killed Brucella abortus or B. aborrus smooth lipopolysaccharide
developed a similar antibody response. Despite the fact that in some
cases animals injected with venom and Salmonella montevideo [i-
popolysaccharide developed asignificantly higher antibedy titer when
compared to other experimental groups, no statistically significant
differences were observed in mosi of the comparisons.

A polyvalent (Crotalinae) antivenom 1s
produced at Instituto Clodomiro Picado for
the treatment of pit viper envenomations in
Central America (1). The immunization pro-
tocol involves the injection of increasing
amounts of a mixture of Bothrops asper,
Crotalus durissus durissus and Lachesis muta
venoms in horses. The first two venom doses
are administered in Freund’s complete and
incomplete adjuvants, respectively, whereas
sodium alginate is used as adjuvant during
the rest of the immunization. Other laborato-
ries use aluminum hydroxide (2) or benton-
ite (3) instead of alginate. Claims on strong
adjuvant properties of several bacterial mol-
ecules that do not induce hypersensitivity
reactions have been consistently reported in
the literature (4,5). In order to identify more
effective adjuvants for antivenom produc-

tion, a study was carried out in mice immu-
nized with mixtures of A asper venom and
various known adjuvants.

The following antigen and adjuvants were
used: venom from adult B. asper specimens.,
Freund’s complete adjuvant (FCA; Sigma
Chemical Co., St. Louis, M), sodium algi-
nate {Sigma), calcium alginate prepared ac-
cording to Chase (6), aluminum hydroxide
prepared according to Herbert (7), muramy|
dipeptide (MDP; Sigma), Brucella abortus
smooth lipopolysaccharide (B-LPS) purified
according to Moreno etal. (8), acetone-killed
R. abortus S 19, and Salmonella montevideo
lipopolysaccharide (S-LPS) extracted and
purified according to Lindberg and Holme
(9). An immunization protocol was designed
to simulate the scheme followed in horses at
Instituto Clodomire Picado (10}, Venom was
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Figure 1 - Adjuvants used for the
immunization of difierent groups
of mice with B. aspervenom. All
mice received the first injection
of venom emulsitied in Freund's
complete adjuvant (FCA) and the
rermaining injections were per-
formed with venom and the ad-
wvants indicated. Group 1V in
Experiment 2 received the firsy
vanom dose in FCA and the re-
maining injsctions were af
venom without adjuvant, B-LFS,
Brucella abortus lipopolysaccha-
ride; MOP, muramyl dipeptide:
SA.PS, Salmonetla montevideo
smooth lipopolysaccharide.
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dissolved in sterile 0.12 M NaCl, 40 mM
phosphate buffer, pH 7.2 (PBS), and mixed
with an equal volume of the adjuvant; a total
volume of 100 ul was used per injection,
Groups of ten female Swiss-Webster mice
(18-20 g) were used in three independent
experiments. Tn all cases, mice were initially
injected subcutaneously (s¢) with 20 g of
venom emulsified in FCA. Then, at two-
week intervals, each group of mice was in-
Jected s¢ with increasing amounts of venom
(20.40 and 60 pg), using different adjuvants
as shown in Figure 1. An additional group
was included in Experiment 2 in which the
first venom dose was emulsified in FCA, and
in the rest of injections venom was adminis-
tered in PBS without adjuvant. Control ani-
mals were injected with PBS without venom
at the same times. After the last injection,
mice were bled from the tail every two weeks,
and additional injections of 40 Hg venom,
with the corresponding adjuvant, were per-
formed one week after each bleeding.
Antibody levels were estimated by im-
munoenzymatic assay (ELISA). Plastic plates
(Dynatech Immulon IT) were coated with |
ng venom per well and free sites blocked
with 2% bovine serum atbumin (Sigma).
Mouse serum at 1:2000 dilution, correspond-
ing to a linear region of the enzyme immu-
noassay, was added. Bound antibodies were
detected with a rabbit anti-mouse IgG (whole
molecule)-peroxidase conjugate (Sigma),
usingo-phenylenediamine (Sigma)and H,0,
-as substrate. Absorbances were recorded at
492 nm. The statistical significance of the

differences in mean absorbance between ex-
perimental groups at each sampling time was
determined by one-way analysis of variance.
When significant differences were detected
(P<0.05), pairs of experimental groups were
compared by the Tukey-Kramer multiple
comparison test. Since this study was per-
formed in three independent experiments.,
oniy the results of groups within the same
experiment were compared

Absorbances from sera of immunized
mice corresponding to Experiment | are
shown in Figure 2. At the first bleeding,
animals receiving calcium alginate had a
significantly higher antibody response than
mice injected with sodium alginate, whereas
neither of these groups showed significant
differences compared to the group receiving
aluminum hydroxide. Na significant differ-
ences between any pair of groups were ob-
served at the second and third bleedings.
Mice receiving venom with either sodium
alginate or aluminum hydroxide did not de-
velop local lesions at the site of injection,
whereas animals injected with venom and
calcium alginate developed granulomas and
local ulceration.

In Experiment 2, no significant differ-
ences were observed between the groups
corresponding to sodium alginate, MDP and
B-LPS at any of the bleeding times tested
(Figure 2). In contrast, mice injected initially
with venom emulsified in FCA and later
with venom in PBS, with no adjuvant, gavea
very weak response. In Experiment 3, mice
injected with venom and S-Lps developed
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Immunization with 8. asper venom

an antibody response slightly higher than
those receiving B-LPS (first bleeding) and
sodium alginate (second bleeding) (Figure
2). However, with the exception of these two
cases, no statistically significant differences
were observed between any of the groups in
the other comparisons (Figure 2).

No consistent differences were observed
between mice immunized with venom in
aluminum hydroxide, sodium alginate or cal-
cium alginate, the latter inducing conspicu-
ous local ulceration. The use of bacterial
products as adjuvants for antibody response
to B. asper venom was of no significant
benefit. Qur results with muramyl dipeptide
agree with those of Laing and Theakston
(11). When §. montevideo LPS was used as
adjuvant, mice developed a significantly
higher antibody response in two cases. How-
ever, in most instances mice receiving S.
mantevideo LPS did not differ in their anti-
body response when compared to the other
groups. Thus, despite the fact that bacterial
LPS are well-known immunomodulators (3).
and their usefulness as immunostimulants
for venom immunization has been described
by Laing and Theakston (11), our results did
not demonstrate an improvement in the im-
mune response of mice who received mix-
tures of venom and LPS when compared to
other adjuvants. It is likely that the immuni-
zation protocol followed, based on repeated
venom injections, may explain the lack of
consistent differences between the adjuvants
compared in this study.

Most lipopolysaccharides are known to
induce severe toxic side effects, precluding
their use as adjuvants. Therefore, it was of
interest to study the adjuvant activity of Bru-
cella abortus LPS, which lacks most of the
endotoxic activities associated with entero-
bacterial LPS, while being effective as adju-
vant (12). However, our results do not sup-
portthe use ofkilled Brucella cells or LPS as
adjuvants for antivenom production. In con-
clusion, our resuits indicate that no marked
increase in the antibody response to B. asper
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venom was obtained by using bacterial prod-
ucts when compared to adjuvants tradition-
ally used in antivenom-producing laborato-
ries.
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Figura 2 - Efect of different ad-
juvants on the antibody ra-
tponse of vanous groups of
mice 1o B asper venom Mige
from 2l experiments receved 3
first venom dase emulsified i
FCA and the remaining venom
njections were administered 1o
grouns of mice (N = 10] with the
adjuvanis indicated. Mice were
bled three times and antibody
levels were estimated ar 1:2000
dilion by ELISA (see 1ex1). Bars
recresent the mean (+ SD) ab-
scroance at 492 nm of triplicate
detezrminations. Samples from
mice inectad with PRS algne
lcontrols) gave absorbances
iower than 0.1 Honzontal lines
(*) link the experimental groups
having a significantly differernt
antibady response bhetweer
them (P<0.05). In Experiment 2,
the group corresponding 1o mice
r ving venarm with #o adju-
vant had a significantly lower ra-
sponge than the remainiag
groups (77 ione-way ANDOVA
followed by the Tukey-Kramer
tesy) Abbreviations are denti-
fiedt in the legend to Figure 1

Fraz | Med Biol Bes 29(10) 1996



1340

References

1

o

Bolafios R & Cardas L {1980) Froduacis
w control da suerps antiofidicos en Cosia
Rica. Boletin de la Sfioma Sanaana
Pahamericans, 38 188196

Haw | Guidolic, R, Higashi HG & Kelen
ZRAA 119971). ntivanins i Brazil prepara-
on. n: Tu AT (Editor), Handbook of Natu-
ral Toxins Vol 5. feptle Venoms and
Toxins Marcel Dekker, New York, 557
537,

Jadhav 5S & Kapre SV {1987), Antivern
groduction In India. Ine Tu AT {Editorn,
Hendbook of Natural Toxing, Vol 5, Rep-
e Venoms and Taxing Marcel Dekker,
Mewe York, BR3 6106

Guomta BK, Reyveald £H, Lindblad £83,
Sizrm B, BervEfraim S & Gupta CX (1993),
Adruvants - a balance bhetween loxcity
ang atjuvanticity. Vacome, 110 283-305.
Johnsen AG (1994). Moleculsr adiuvants
and rmmunornodulztors: new approachies
10 imsmunization. Clinical and Microbiologi-
cal Baviews, 1 277-289

Braz | Med Biol Res 29010} 1946

Chase MW (1967). Production of antse-
rum. In Williams CA & Chase MW (Ed-
1ors), Methods in Immuenelagy and Inmu-
nochemistry. Vol 1 Preparaton of Ante
gens and Antibedies, Academic Press
New York, 187-306

Harbart W) [1978), Mineral ol adjuvants
and the immunization of lzboratory ari-
mals. In. Wair DM (Editor), Handbook of
Exparimantat immunology Vol 3
Blackwell Scientific Publications, Oxford,
A3

Morena E, Pitt MW, Janes LM Schurig
GG & Berman DT (1979} Purdication and
characterization of smooth and rough I
popolysacchandes from Bruceils abortus.
Journial of Bactenoiogy, 138: 361-369
Lindberg AA & Hoime T (187721 Evalua-
tion of some extraction methads tor the
preparation of bacienal ipopoiysacchia
ricdas for structural analysis. Pathofogica
&t Microbiologica Goandmava, Secticn B,
80-751-758

10

A Rucavado et al

Estrada B, Guuerrer W Alvaraco J Aol
s A, Avila (& Gonzatez N {198
arrolie de la respuesta de anticuerpns
fosfohpasa Az gn caballes moculados
con veneng pare i@ produccion de susre
anticlidico polvalente an Costa Rica

Rewvisia ge Bivkoaia Trepical 37 187193

Laing GD & Theaksion ROG (1893) ime
zation agamnst Echis oceliatus (caspe:

fmuyr

VIpEr) Ve Ram USING Lposomes Insurporat

mg nmunastmulants role of ligogiy
sacchande 1n confering protection
mouse mude! Toxcon, 31 615
Morano £, Kuriz RS & Berrnan DT {1584)
induchon of immuna and adjuvant mmu-
nuglobulin G reésponses ir mics by B
cella ipopolysacchands Aefection andg e
munny, 46 74-80

i



