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Abstract
The purpose of ttu’s study was to test the immunological

response, in an animal model, of four drugs employed in the
pulpal treatment of primary teeth. The four medicaments
were formalin, glutaraldehyde, sodium hypochlodte and
absolute ethanol. Results indicated that both the formah’n-
and glutaraldehyde-treated proteins produced very mild
immunological responses when an adjuvant was employed.
The proteins treated with absolute ethanol, sodium
hypochlodte and control eah’ne demonstrated no such
immune reactions.

Introduction

Recently, a variety of medicaments that are used in
endodontic procedures have come under scrutiny be-
cause of their potential systemic effects.~-~ Several
studies have demonstrated that drugs placed in either
the pulp chamber or canals do not stay confined to
these areas.~-3.~ The distribution of these drugs in labo-
ratory animals has been shown to be widespread in-
cluding the plasma, lymph nodes, skeletal muscle,
heart, lungs, liver, spleen and kidneys.~-3 It has also
been shown that some of these same drugs can elicit
both localized and systemic immunological responses.4.~.7-~

There are several possibilities that may occur when
a host is exposed to an immunogenic drug and the
reticuloendothelial system is stimulated. A cell-
mediated response (allergic reaction) or a humoral
immume response could be initiated at antigenic sites
associated with the drug.12 Alternatiavely, the drug
may interact with native protein to expose new anti-
genic sites on the protein surface. An immune re-
sponse could be generated against this newly exposed
protein antigenic determinant. This response may be
directed towards the newly exposed antigen or be
cross-reactive with the native unaltered protein.~.14
This latter circumstance is known as an auto-immune
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response. Auto-immune responses have been shown to
play contributing roles in cases of rheumatoid arth-
ritis and progressive glomerulonephritis or renal
failure.,~.m7

Therefore, in choosing a medicament for pulpal
treatment of primary teeth, consideration should be
given to the following:

1. the ability to maintain the remaining pulpal
tissue either inert or in a non-irritating state
(usually fixation);

2. the diffusibility outside the confines of the
tooth; and

3. the immunogenic potential.
It was the purpose of this study to test, quantify

and compare the immunological response of four drugs
employed in the pulpal treatment of primary teeth.

Methods and Materials

Animal Model
Ten female, New Zealand White rabbitsa of approx-

imately two kilograms each, were divided into five
groups of two, and housed individually.
Antigenic Materials

Rabbit serum albumin (RSA)b was mixed with
phosphate buffered saline pH 7.2c to give 2% solutions
(20 mg per ml). The albumin solutions were combined
with equal volumes of one of the four following endo-
dontic medicaments plus a saline control:

1. formalin,d 19% in phosphate buffered saline;
2. absolute ethanol U.S.P.;e

3. sodium hypochlorite; 2.62% in phosphate buff-
ered saline;

Franklin Labs, Wake Forest, North Carolina.
Fraction V powder, lot #4763965, Sigma Chemical Co., St. Louis,
Missouri.
GIBCO, Grand Island, NY.
Sigma Chemical Co., St. Louis, Missouri.
U.S. Industrial Chemicals Co., New York, New York.
Clorox Co., Oakland, California.

PEDIATRIC DENTISTRY 179
Vol. 3, No. 2



4. glutaraldehyde,~ 5% in phosphate buffered
saline; and,

5. normal phosphate buffered saline.
The albumin-medicament solutions were gently

mixed for five minutes at 37°C. Each was extensively
dialyzed at 4°C against normal saline to remove any
unbound therapeutic agent. After dialysis the solu-
tions were adjusted to a concentration of 1% (10 mg of
rabbit albumin/m1) with normal phosphate buffered
saline, pH 7.2. Samples were sonicated for 15 minutes
in the presence of glass beads to insure suspension of
the treated rabbit serum albumins. Aliquots of the
five treated rabbit albumins, which were to act as
antigens, were emulsified with complete Freund ad-
juvant as described by Garvey, Cremer and Sussdorf.,~
Bleeding and Injection Schedule

Each of the rabbits was bled initially for control
sera on day number one. This procedure was followed
by subcutaneous injections of the various potential
antigens emulsified in complete Freund adjuvant.
Each posterior dorsal quadrant of the back was in-
jected subcutaneously with 7.5 mg RSA (1.5 cc emul-
sion) for a total of 15 mg RSA per animal.

On day 14, each of the five groups received bilateral
subcutaneous booster injections of 10 mg (1.0 cc) 
the appropriate antigen without the Freund adjuvant
for a total of 20 mg RSA. On day 56, booster injections
were given to duplicate the 14 day booster injection.
At day 63, the five groups of rabbits were bled for sera
for initial assay. At day 70, all rabbits were bled for
final assay.
Assay for Presence of Antibodies

Ouchterlony Gel Diffusion: Ouchterlony gel diffu-
sionwas used to determine antibody titers in serum
obtained from the immunized rabbits. The gel diffu-
sion technique was completed according to the
method Of Garvey et al2 Serial dilutions of both ex-
perimental and control antisera were treated to deter-
mine antibody titers and cross reactivity between test
antigens.

Passive Hemagglutination: Passive hemagglutina-
tion assays were used to determine more precisely the
antibody levels in the serum obtained from the experi-
mental animals. The procedure used was described by
Garvey et al., ~ and was modified to a micromethod.
Briefly, reagents were prepared by Garvey’s method
and final volumes were reduced to accommodate a 96
well, round-bottom microtiter plate. The final volume
was 0.2 ml.

Sldn Tests: Each immunized rabbit was given four
subcutaneous injections consisting of 0.5, 1.0, 1.5, and
2.0 mg of treated RSA to which it had been previously
exposed. One control rabbit, which had received no
treated RSA, was subcutaneously injected with 0.5 mg

gLot # G6257, Sigma Chemical Co., St. Louis, Missouri.

of each of the four treated RSA’s (formaldehyde, glu-
taraldehyde, sodium hypochlorite and ethanol). These
injections were to test for an immediate humoral re-
sponse (Arthus reaction) and/or a delayed type hyper-
sensitivity (24-72 hour) which is associated with cell-
mediated immunity. The injection sites were observed
at two and four hours for local swelling, erythema and
punctate hemorrhages associated with an immediate
humoral response. These same sites were also observed
at 24, 48 and 72 hours for delayed reactions which are
not only later-appearing but more indurated.21

Results
The Ouchterlony gel diffusion assay indicated that

low titers of antibody were present in serum obtained
from animals immunized with formaldehyde and glu-
taraldehyde treated RSA (Table 1). Ethanol treated,
sodium hypochlorite treated, and untreated RSA did
not show precipitin bands. There was no cross-reactiv-
ity between glutaraldehyde treated RSA antiserum
and either formaldehyde treated RSA, or untreated
RSA. The same was true for the formaldehyde treated
RSA antiserum.

Serum titers obtained from passive hemagglutina-
tion assays were more quantifiable than those ob-
tained by the gel diffusion method. However, the pat-
tern of reactivity remained unchanged with the for-
maldehyde treatment demonstrating at least a two-
fold level of reactivity as compared to the glutaralde-
hyde treatment {Table 2).

Skin test results demonstrated that :none of the
variously treated RSA concentrations produced an

Table !. Antibody response to treated RSA a~s determined
by Ouchterlony gel diffusion.

Treatment Animal Titerl

Formaldehyde (19%) A 1:2
B 1:2

Gluteraldehyde (5) C 1:1
D 1:1

Ethanol (Absolute) E None
F None

Sodium Hypochlorite (2.62%)

Control (Untreated RSA)

G None
H None

I None
J None

’Highest dilution showing precipitation band.
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Table 2. Antibody response to treated RSA as determined
by passive hemagglutination.

Treatment Agent Animal Titer~

Formaldehyde (19%) A 1:64
B 1:128

Gluteraldehyde (5%) C 1:16
D 1:32

Ethanol (Absolute) E None
F None

Sodium Hypochlorite (2.62%)

Control (Untreated RSA)

G None
H None

I None
J None

~Highest titer showing positive agglutination.

immediate immunogenic response. The glutaralde-
hyde and formaldehyde treated rabbits did develop
delayed mild T-cell reactions at 48 hours to their re-
spectively treated RSA. The sodium hypochlorite,
ethanol, and saline treated rabbits did not demon-
strate a delayed response. In one non-immunized rab-
bit given all four treated albumins, no immediate or
delayed responses were observed.

Discussion
In this study, the rabbit model was chosen because

of its proven capability to produce high serum anti-
body titers to a wide range of antigens.7,~°,1~ The rabbit
model also afforded significant amounts of serum to
be obtained while being easily maintained.

The technique of treated, purified rabbit serum al-
burnin offered an advantage in testing for antibody
titers to a single specific protein. If a combination of
tissues (i.e., pulp tissues) are treated with a medica-
ment, it is difficult to specify exactly which protein
complex will demonstrate an immunogenic response
since multiple combinations might be possible. In an
attempt to identify and compare the immunological
differences of the four pulpal medicaments, the use of
the purified RSA eliminated a possible variable.

The Freund adjuvant was employed to increase the
immu.ne response of the soluble protein albumin. This
increase is due primarily to a persistent slow release of
antigen and the recruitment of ancillary cells to the
injection sites. The ancillary cells are able to amplify
the immune response. When Freund adjuvant is used
with milligram quantities of antigen, as in these exper-
iments, a specific increase in the humoral immune re-
sponse is expected.~

The data in Tables 1 and 2 demonstrate that only
the formaldehyde and glutaraldehyde treated RSA
produced antibody titers. This supports the research
of Horsfall, ~ Jacobs,u Nishidi,8 Block,4.5,9.~ and Thaden
van Velzenml in the area of antigenic potentials of
formaldehyde or glutaraldehyde containing com-
pounds. The antibody titers obtained from the formal-
dehyde and glutaraldehyde treated RSA were, how-
ever, considered to be at a low level. In fact, in earlier
experiments (unpublished) using the same method-
ology presented here, but without the Freund adju-
vant, no antibody titers could be elicited from either
the formaldehyde or glutaraldehyde treatments.

The results of the Ouchterlony gel diffusion assay
also demonstrated that no cross reactivity existed
between the antiserum to glutaraldehyde treated
RSA, and either the formaldehyde treated RSA or un-
treated RSA. This same relationship was also found
for the antiserum to formaldehyde treated RSA, and
either glutaraldehyde treated RSA or untreated RSA.
The possibility that the immunized animal produced
significant amounts of antibody that cross-reacted
with normal RSA could not be demonstrated. If the
antiserum had reacted with RSA in viyo, it would not
be possible to detect any antibody in vitro. Such anti-
body would be absorbed in vivo by the large quantity
of RSA present in the plasma and therefore would not
be detected in the in vitro assay system. Two findings
argue against this, however:

1. The animals were healthy and showed no overt
signs of auto-immune disease, such as weight loss
or body wasting during or after the immuniza-
tion period.

2. There was no reaction in the immediate hyper-
sensitivity skin test (Arthus type reaction). Im-
mediate hypersensitivity reactions require high
titer antibody. Therefore, the lack of an immedi-
ate response was probably due to the low titer.

Ethanol has two possible effects on tissue protein.
Absolute ethanol can fix tissue by the process of de-
hydration; at a lower concentration it can cause coag-
ulation of the protein,u,~ Either of these alterations of
the RSA probably did not change the protein enough
to reveal any new antigenic sites.

The sodium hypochlorite affects protein in a differ-
ent manner. This reagent has the ability to denature
and solubilize the protein into small molecular-weight
components. If the protein was broken into amino
acid residues which no longer resembled the original
protein, there would be no immunologic response.
Small amino acid residues are probably not immuno-
genic although they may still have intact antigenic
sites.

Under our experimental conditions, ethanol and
Sodium hypochlorite treated tissues demonstrated no
antigenic potential as indicated in the results. The
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formaldehyde demonstrated twice the ability to pro-
duce antibody titers as glutaraldehyde, but both
would still be considered to have low immune response
capability at both the humoral and cell mediated
levels. Since Freund adjuvant was necessary to elicit
this low level immunological reaction in the animal
model, it could be hypothesized that the clinical use of
either formaldehyde or glutaraldehyde for pulpoto-
mies would produce a limited, and probably insignifi-
cant, immune response. This conclusion supports the
earlier work of Thaden van Velzen for glutaraldehyde
and formaldehyde fixed tissues that were reim-
planted.m~

The remaining two considerations of diffusibility
and pulp tissue maintenance have been addressed to
some extent in previous literature. The latter issue (in
primary teeth) has evolved into the popular use of
drugs that would mummify the remaining tissue in
order to render it free of clinical symptoms. The most
widely advocated drug to accomplish this fixation has
been formalin-containing preparations such as for-
mocresol.~ Traditionally, the formaldehyde-creosote
combination has been clinically successful, but re-
cently, formaldehyde alone has been found equally or
more effective.~,~

The reaction of formaldehyde with protein is slow,
but is optimized by a pH of 7.5 to 8.0.~ The side group
amino acids of protein react primarily with the single
reaction sites of formaldehyde, thus making further
enzymatic degradation difficult because of blocking of
the reactive sites. ~ Similarly, intra- and inter-molecu-
lar bonds are established to stabilize the remaining
protein. This entire process is in equilibrium, and
therefore, the blocking of protein groups can be tem-
porary. ~,~ This potential temporary fixation may be
one of the explanations, along with the concentration
of formaldehyde, for the various reports of either lack
of fixation of portions of the pulpal tissue, or connec-
tive tissue ingrowth through the apical foramen re-
ported in other studies.~41~3

Glutaraldehyde has long been considered an excel-
lent fixative agent for biological purposes.~ Glutaral-
dehyde, like formaldehyde, predominantly fixes pro-
tein by affecting the free amino groups. However,
because glutaraldehyde is bifunctional and polymeric,
it has the ability to quickly and irreversibly form long
molecules with effective cross linking. ~,~,45,~ The stabil-
ity, therefore, of the glutaraldehyde-fixed tissue ap-
pears much greater than tissue fixed with formalde-
hyde. This rapid and more complete fixation, as well
as stability, would be advantageous in clinical situa-
tions. Glutaraldehyde apparently causes no inflamma-
tion when used in treatment of vital and nonvital
pulps of humans.~ In fact, Hannah found that a com-
bination of glutaraldehyde and calcium hydroxide was
an excellent pulpotomy medicament when used on

human permanent teeth.~

There has been considerable research dealing with
the diffusibility of pulp medicaments from the con-
fines of the tooth. Distribution of ~4C labeled formalde-
hyde of formocresol outside the tooth has been docu-
mented by both Myers~,3 and Lewis; Dankert has also
demonstrated diffusion of formaldehyde through den-
tin and cementum using an antibacterial technique.~

Glutaraldehyde did not exhibit this ability to diffuse
or leach out of the tooth according to data by both
Dankert~ and ’s-Gravenmade.~ The explanation for
this is not apparent but may be due to the larger bi-
functional molecule of glutaraldehyde, the production
of longer polymeric chains, and/or its irreversibility.~

Conclusion
From the results of this study the following may be

elicited: 1. glutaraldehyde and formaldehyde treated
RSA demonstrated a low level of antigenicity in the
rabbit model; 2. formaldehyde produced a greater hu-
moral immunological response than glutaraldehyde; 3.
both formaldehyde and glutaraldehyde elicited a weak
cell-mediated immune response; and 4. ethanol, so-
dium hypochlorite, and saline treated protein demon-
strated no immunological response in the rabbit
model.

This study indicates that both formaldehyde and
glutaraldehyde do not stimulate a significant immune
response when reacted with homologous protein. If
the reaction to pulp tissue is analogous to that of
homologous protein, then these agents are acceptable
pulp medicaments in regard to immunogenic poten-
tials.

These findings, plus other recent research, indi-
cate that further investigation using giutaraldehyde
as a pulp medicament is necessary. Glutaraldehyde
may have the potential as an efficacious pulpotomy
medicament.

Dr. Dilley is associate professor of pedodonti¢~, University of
North Carolina School of Dentistry, 209H, Chapel Hill, NC 27514.
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Dentistry, Box J-426, J. Hillis Miller Health Center, Gainesville, FL
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