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Influence of Deuteration on Circulating Antibody Levels in the
Mouse.* (31120)

BENjAMIN V. SIEGEL AND JaNE I. MoRTON
Department of Pathology, University of Oregon Medical School, Portland

The isotopic substitution of deuterium for
hydrogen has been shown to markedly alter
the relative rates of chemical reactions and
to affect the conformation and stability of
macromolecules(1). The profound physiologi-
cal and biological changes associated with
high degrees of deuteration have been found
not to be compatible with survival in the
mammalian organism(2). However, the con-
tinuous ingestion with 309% deuterium oxide
(D20, heavy water) appears to have no ap-
preciable effects on the body weights, general
well-being or life span of the laboratory
mouse(3). We have recently demonstrated
the protective effects of this, and lower levels
of D,O on mice infected with the Rauscher
leukemogenic virus(4). The mechanism of
protection appeared to be depression of the
neoplastic proliferation of lymphoreticular
cells. In view of similarities noted between
cells undergoing leukemic proliferation and
those responding immunologically(5) it
seemed feasible to investigate the effects of
deuteration on the immune response.

Materials and methods. Deuterium oxide
(supplied as 99.7% D-O by the Richland
Operations Office of the U. S. Atomic Energy
Commission, Richland, Wash.) was purified
by distillation from alkaline permanganate.
BALB/c/jax female mice, 5-7 weeks old, were
fed a standard pellet diet and deuterium was
administered as drinking water ad Ilibitum
at a concentration (v/v) of 30% for the
duration of the experiments.

Mice received a single intraperitoneal in-
jection of 1.25 mg bovine serum albumin
(BSA, crystalline, Pentex, Inc., Kankakee,
111.) in 0.25 ml of a complete Freund’s adju-
vant emulsion (Difco Laboratories, Detroit)
either 10 days or 17 days after they started
drinking heavy water. Sheep erythrocytes
were washed 3 times in 20 volumes of cold
saline and the packed cells suspended in
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2 volumes of saline for intraperitoneal injec-
tion either as a single dose of 0.25 ml or as-
two 0.25 ml inoculations 18 hours apart. Mice
were bled periodically from the retro-orbital
plexus. Antibody titers to BSA were deter-
mined by the agglutination of tanned, antigen-
coated sheep erythrocytes as described by
Stavitsky (6). Red cell agglutinins were de-
termined directly in a 2-fold serial dilution
system in the presence of 1:200 saline diluted
normal rabbit serum. To assay macroglobulin
agglutinin activity, aliquots of mouse antisera
were incubated for 18 hours at 25°C in phos-
phate buffered saline, pH 7.4, containing 0.1
M 2-mercaptoethanol (7). Serial dilutions and
assays were carried out directly in this me-
dium. Statistical significance of data was
determined by student t-test analysis of re-
ciprocal logarithmic (base 2) titer values.
Both BSA-adjuvant and sheep erythrocyte
immunization experiments were repeated
twice using 5-8 mice in each group with
similar results as reported below.

Results. The antibody response of mice
drinking 30% D20 is illustrated in Fig. 1.
Mice drinking heavy water continuously start-
ing 10 days in advance of immunization
showed no significant titer variations from
the controls at the 5% level. Mice that had
been drinking 30% D20 for 17 days before
immunization, however, showed depressions of
antibody through the 25th day that were sig-
nificant at the 1% level. At 38 and 50 days,
similar titers were achieved for both groups,
levels of antibody in the deuterated mice hav-
ing been restored to control values. Ninety
days following the initial BSA-adjuvant im-
munization, control and deuterium-treated
mice received 2 intraperitoneal injections of
sheep erythrocytes 18 hours apart. Six days
later, mean logarithmic titers were 10.7 for
the control animals and 7.3 for the deuterated
mice, demonstrating a significant depression
(P<0.001) in the response of the deuterated
animals to this second antigen.
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FIG. 1. Response of mice to immunization with

BSA in complete Freund’s adjuvant. Control-im-
munized mice and deuterium-treated mice immunized
after 10 and 17 days pre-deuteration are compared.
Points represent individual animals.

FIG. 2. Mean body weights of mice immunized
with BSA in complete Freund’s adjuvant. Weights
of control-immunized mice are compared to those of
mice started on deutertum oxide 10 days and 17
days prior to immunization.

FIG. 3. Agglutinin response to sheep erythrocytes
of control mice and mice treated with 30% DO
starting 7 days prior to immunization. Points repre-
sent individual animals.

Body weights of these mice were also fol-
lowed and were observed (Fig. 2) to be lower
in animals drinking heavy water. These dif-
ferences appeared to be directly related to
the length of time the mice had been pre-
deuterated and to the associated effect on
the immune response.

Immunization of normal mice with a single
injection of sheep erythrocytes resulted in
a bimodal response (Fig. 3). In mice simi-
larly immunized after 7 days of deuteration,
no depression of titers was observed in the
first mode, suppression becoming manifest,
however, in the second phase. When sera de-
rived from control mice immunized with sheep
cells were subjected to mercaptoethanol treat-
ment, there was a loss of activity of 75%
noted at 7 days post-immunization, 50% at
14 days, and unchanged agglutinin titers
thereafter. Sheep cell titers for both normal
and deuterated animals were found to be less
than 1:8 prior to immunization.

Discussion. The restoration of circulating
antibody to control levels after 38 days in the
mouse drinking heavy water is reminiscent
of the net recovery evidenced in immunized
animals subjected to certain dose levels of
chronic irradiation(8). This phenomenon
might be ascribed to a delay in attainment
of peak titer resulting from a slowing down
of synthetic processes. Alternatively, one
might postulate the increase in activity of
a select, deuterium-resistant clone of cells
producing antibody to BSA. This possibility
could be elucidated by examination of the
relative distribution of antibody activity
among the globulin fractions during the course
of deuteration(8). Recovery does not appear
to be due to a general restoration of the
mouse’s immunological capacities in the pres-
ence of continuing deuteration, since the pri-
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mary response to a second antigen was seen
to be diminished in these same animals.

The extent of deuteration at the time of
immune stimulus appeared to govern the sub-
sequent antibody response. After 7-10 days
pre-deuteration with 309% D20, there was
little or no depression of the immune response,
although by this time equilibrium deuteration
of the body fluids to 22-24 atoms per cent
would have been reached(3). The data sug-
gest that not until extensive incorporation
of deuterium into non-exchangeable positions
of cellular structural elements (after 17-22
days deuteration) was there marked effect on
the circulating antibody level. In this regard,
Katz and his co-workers(3) demonstrated
that the incorporation of deuterium into non-
exchangeable sites of spleen, liver and kidney
tissues was dependent upon synthesis and did
not become stabilized until after 3 weeks.
Solvent effects and the effects of the attained
level of deuterium substitution at exchange-
able molecular sites, then, would not appear
to be a significant determinant in the observed
suppression of antibody.

Drinking 30% D20 has been observed not
to bring about a growth retardation or weight
loss in young adult mice during the first 2-3
months of treatment(3,4). However, it was
noted in the present experiments that body
weights of adjuvant-immunized mice on heavy
water were lower than those of immunized
animals drinking H,0. These differences
could be ascribed to the marked proliferation
of tissues of the reticuloendothelial system
(RES) that occurs in the adjuvant-injected
mouse, resulting in an increase in body weight
(9). In the case of immunized animals on
D.0, this weight increase was less marked.
Thus, a large part of the antibody suppressive
effects observed in the DO study employing
adjuvant immunization may have been due
to inhibition of RES cell proliferation.

On the other hand, deuterium-depressed
RES function at the time of antigen adminis-
tration would not appear to account for the
suppression of hemagglutinins in mice inocu-
lated only with sheep cells, where diminished
titers were not evident until some time after
14 days post-immunization. The extent of
deuteration achieved at time of immunization
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and for some days thereafter was not suffi-
cient, evidently, to depress levels of early
antibody. The bimodal agglutinin response,
here, on immunization with sheep cells, with
a predominance of mercaptoethanol sensitive
antibody in the first peak is comparable to
that described by Adler(10) for CBA mice
similarly immunized with sheep erythrocytes.
This specific diminution of later antibody by
deuterium may, therefore, be associated with
a direct effect on the 7S antibody producing
cell or its precursors.

Summary. Depressed serum antibody levels
were observed in mice drinking 30% D20
continuously, starting 17 days before immuni-
zation with BSA in complete Freund’s adju-
vant, Adjuvant-induced increases in body
weight were also diminished in these animals.
Ten days pretreatment with heavy water did
not, however, alter the response to BSA. In -
another group of mice pretreated with heavy
water for 7 days, primary agglutinin levels
to sheep red cells were normal in the con-
tinuously deuterated mice for the first 2 weeks
following immunization, diminishing there-
after. The extent of heavy water pretreat-
ment required suggests that mere equilibra-

- tion of body fluids and exchangeable tissue

hydrogens with 309% D,0O does not result in
depressed antibody levels. Only after substan-
tial deuterium was incorporated by synthesis
into non-exchangeable sites were circulating
antibody titers observed to be diminished.
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