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genous sulfhydryl for mitochondrial protec-
tion.

O. danica resembles thyrotoxic animals in
responding to fatty acids(15). Although li-
noleic acid was not active. Tween 85 per-
mitted growth. The activity of Tween 83.
contrasted with the inactivity of oleate and
linoleate, raises the question of how much of
the activity of Tween 85 is attributable to
compounds other than the pure fatty acids
used here. Since glutathione affects redox en-
zymes, the action of Tween 85 and gluta-
thione may relate to their ability to maintain
a redox potential favorable for mitochondrial
function. Whether this involves the redox
behavior of By itself remains to be seen. In
Tetrahymena, a similar reversal of alkoxy-
2,6-diaminopyrimidine inhibition has Dbeen
shown for soy bean lecithin(17): the active
components of the lecithin were not identi-
fied. The authors suggest that the lack of
specificity of the lipid effect may mean that
the inhibitors studies act as uncoupling
agents. Such a possibility would apply with
special force to thyroactive compounds(18).

Summary. The growth inhibition induced
by thyroactive compounds on vit. By, and
non B,.-requiring microorganisms was stud-
ied. Thyroactive compounds were inactive
for the Bis-requiring mutant Escherickia coli
113-3, Lactobacillus leichmannii, and Eugle-
na gracilis, and for their non B.-requiring
counterparts. Only Ockhromonas malhamen-
sis, a Bje-requirer, and Ockromonas danica,
a non Bje-requirer, were inhibited. Vit. By»
overcame the antagonistic action of the thy-
roid hormones for O. malkamensis, but not
for O. danica where reduced glutathione and
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Tween 85 overcame the growth inhibition.
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Evidence for Immunization of F; Hybrid Mice Against Parental

Transplantation Antigens.
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Generally implicit in transplantation ex-
periments with mouse tissues has been the
assumption that grafts of parental origin are

nonantigenic to F; hybrid recipients(1-3).

* Operated by Union Carbide Corp. for U. S.
Atomic Energy Commission.
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This assumption, however, has been criticized
on theoretical grounds(4-7) and appears to
be at variance with certain experimental
findings(8-12). This report presents prelimi-
nary results which are considered highly sig-
nificant in that they support the belief that
F, hybrid mice may be actively immunized
against parental transplantation antigens.

Methods. Young adult (3- to 5-months
old) hybrid recipients and parental donors
of the following strains were used: (C57BL/
Cum X 101/Cum)F,, (C3H/Anf Cum X
101/Cum)F,, (BALB,c Cum X A/He Cum)
F,, C57BL/Cum, C3H/Anf Cum, BALB/c
Cum, A/He Cum, and 101/Cum; these are
hereafter designated as BIF,, C31F,, CAF,,
C57, C3H, BALB/c, A, and 101, respec-
tively. In every case, donor and recipient
were of the same sex so that sex-determined
histoincompatibility was avoided. Recipients
were exposed to lethal whole-body irradi-
ation as follows: strains BIF; and C31F,
were given 900 r of X rays, and strain CAF,,
800 r. The dose rate was approximately 85
r/minute; TSD, 93.5 cm; 300 kvp; 20 mA;
4.78 mm of Be inherent filtration and 3 mm
of Al added filtration; hvl, 0.55 mm of Cu.

Hybrid mice were ‘“immunized” against
parental transplantation antigens by intra-
peritoneal inoculation of 20 X 10° nucleated
viable parental spleen cells 30 and 15 days
before irradiation. The parental spleen cells
were obtained by teasing the spleen in Ty-
rode’s solution with forceps and needles. The
cell suspension was then passed through a
stainless steel screen (200 mesh/inch) and
the nucleated cells were counted in a hemo-
cytometer.

Hybrid mice were also “immunized” by
grafting of parental skin, the irradiation be-
ing carried out 100 days later without re-
moval of the skin graft. Donor skin was
taken from the ears and grafted onto the
aorsal area of F; hybrid recipients by the
method of Billingham and Medawar(13).
The skin of the ear was used to avoid, inso-
far as possible, transplantation of dermal
elements and included lymphoid cells. In
every experiment, aliquots of a given paren-
tal marrow preparation were injected into
each of the following groups of 10 recipients:
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(a) “nonimmunized” F; hybrids, (b) F; hy-
brids “immunized” against the parental do-
nor strain, (c) F; hybrids “immunized”
against the reciprocal parental strain. In ad-
dition, isologous marrow was given to ¥; hy-
brids “immunized” against one of the par-
ental strains. The experiments were repeated
to build up groups of 40 mice each, unless
otherwise stated. Marrow cells were extruded
from the femoral marrow cavity in Tyrode’s
solution by means of a syringe fitted with a
24-gauge needle. Recipients were inoculated
with 107 nucleated cells by tail vein within
3 hours after irradiation. Characterization
of hemoglobin type(14) in the BIF; recipi-
ents was carried out to ascertain whether do-
nor type C57 red blood cells were present.
Although irradiated marrow recipients were
not serially sacrificed to follow pathological
changes, dying mice in some of the experi-
mental groups were sacrificed in extremis
20-90 days after treatment, and the follow-
ing tissues were removed for histological ex-
amination: bone marrow from a long bone
and the sternum, spleen, lymph nodes, thy-
mus, Peyer’s patches, intestine, liver, and
kidney. Tissues of 16 B1F, 10 C31F,, and
10 CAF,; “immunized” mice were studied.
Results. In all donor-host combinations,
the marrow protected against early lethality.
Secondary mortality, however, occurred dur-
ing the second and following months, vary-
ing in relation to strain and pretreatment of
recipients (Fig. 1-3). In nearly all instances,
secondary morbidity and mortality in F, re-
cipients of parental marrow was accentuated
by “immunization” against the donor strain;
i.e., by the preirradiation inoculation of par-
ental lymphoid cells or grafting of parental
skin. This effect was most marked in those
strain combinations having parental H-2 his-
tocompatibility differences proved to be sig-
nificant for marrow transplantation(15), i.e.,
the BIF; and the C31F; (Fig. 1 and 2). In
the CAF; hybrid, preinoculation of A strain
spleen cells increased secondary mortality
only slightly (Fig. 3) but greatly increased
the severity and frequency of secondary mor-
bidity, Z.e., all of such recipients suffered
marked weight loss, ruffling of fur, and epila-
tion, changes which persisted until the end
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FIG. 1. Cumulative mortality of lethally irradiated C31F, mice after infusion of C3H or

isologous marrow,
No. of animals in parentheses.
marrow (40). A C3H skin;
spleen; C31F, marrow (40).

Recipients were ¢‘immunized .1ga_1nqt cither parental spleen cells or skin.
O ““Nonimmunized?’?
C3H marrow (10).

; C3H marrow (40).
A 101 spleen; C3H marrow (40).

® C3H spleen; C3:1
m C3H

FIG 2. Cumulative mortality of lethally irraliated BIF, mice after infusion of C57 or iso-

logous marrow. Reeipients were ¢‘immunized ™
of animals in parentheses,
row (40)., A C57 skin;

C57 marrvow (10).
BIF, marrow (40).

O “‘Nonimmunized*’
A 101 spleen; C57 marrow (40).

Ig.lm\t either parental spleen cells or skin. No.
: (37 marrow (40). @ C57 spleen; C57 mar-
n C57 spleen;

FIG. 3. Cumulative mortality of lethally nr.ulmtod CATF, mice after infusion of parental or

isologous marrow.
No. of animals in parcntheses,
row (40). MW A spleen; CAF, marrow (40).
A BALB/e spleen; BALB/e marrow (40).

of the observation period; in contrast, these
symptoms were transient and mild in cor-
responding “nonimmunized” recipients of the
same strain. In CAF, recipients of BALB /c
marrow, secondary morbidity and mortality
were minimal and unaffected by “immuniza-
tion” against BALB/c cells (Fig. 3). In no
combination did preirradiation inoculation of
parental spleen cells homologous to the mar-
row donor strain affect the response of the re-
cipients (Fig. 1-3). Hemoglobin in the peri-
pheral blood of all 60-day and 80-day surviv-
ing BIF; recipients, whether “immunized” or
not, was of donor type (70-100% of total
Hb), indicating that the grafted erythropoi-
etic cells were functional during the 80 days
following parental marrow transplantation.
Histological preparations showed that the
femoral and sternal marrow cavities were
filled with nucleated cells, the marrow being
at various stages of regeneration depending
on the length of time elapsed from treat-
ment. In no graft-host combination, even in
“immunized” groups, was marrow necrosis
noted. Lymph nodes and Peyer’s patches of
BIF; chimeras showed severe pathological
changes similar to those described in the for-
eign bone marrow reaction(16), with atrophy
and destruction of germinal centers, granu-

Recipients were ‘‘immunized **
O ““Nonimmunized "’

ngamst either parental spleen cells or skin.
; A marrow (40). @ A spleen; A mar-
“‘\*omnnnunned” BALB/c marrow (40).

A BALB/e skin; BALB/e marrow (10).

lomatous proliferation of reticuloendothelial
cells, and fibrosis; no difference was noted
between “immunized” and “nonimmunized”
recipients. The lymphoid tissues of the C31F;
and CAF, chimeras showed mild changes,
mainly atrophic in nature. They eventually
recovered. Similarly, in these lymphoid tis-
sues no differences were noted between “im-
munized” and “nonimmunized” recipients.
Discussion. The accentuation of secondary
morbidity and mortality in irradiated F; hy-
brid recipients of parental marrow by pre-
grafting of donor-strain spleen cells or skin
may be interpreted to mean that the graft-
ing immunized against the donor marrow an-
tigens. That this effect was immunological in
nature is suggested by the correlation be-
tween its severity and the degree of histoin-
compatibility between the parental strains in
question and by the lack of effect when non-
specific spleen cells (i.e., cells other than
those of the marrow donor strain) were pre-
inoculated. Supporting data have been ob-
tained in other experiments in which injec-
tion of isologous F; immunologically com-
petent cells along with parental marrow into
lethally-irradiated F; recipients leads to en-
hanced mortality, results suggesting that the
F; hybrid cells reacted against parental mar-
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row cell antigens(10,12). Also compatible
with such an interpretation is the observa-
tion that isologous F, spleen (Cudkowicz, un-
published data) or marrow(17) cells in-
hibited the graft-versus-recipient reaction re-
sulting from inoculation of parental liver
cells into sublethally irradiated F; recipients
(17).

The absence of enhanced morbidity and
mortality in CAF; mice inoculated with
BALB/c spleen cells and then given BALB/c
marrow is tentatively ascribed to the lack of
strong BALB/c histocompatibility antigens
against which the CAF,; hybrid can react;
i.e., the BALB/c is H-24 in histocompatibil-
ity phenotype and possesses no major trans-
plantation antigens foreign to the A strain
(18,19).

Since the marrow was cellular and the cir-
culating hemoglobin of donor type in mori-
bund chimeras, death could not have resulted
from rejection of the grafted parental mar-
row cells. The mechanism by which pregraft-
ing accentuated secondary disease remains,
therefore, to be elucidated. Death has been
repeatedly observed, however, without necro-
sis of the marrow and spleen red pulp in par-
ent-to-hybrid chimeras(9,20-24). In most of
these cases the cellular and viable-appearing
marrow was of host type, yet death was
nevertheless ascribed to graft-versus-host im-
munological reactions; hence, other lesions
resulting from in vivo antigen-antibody reac-
tions are implicated and remain to be de-
fined.

Enhanced secondary morbidity and mor-
tality in the “immunized” F, chimeras might
conceivably be attributed to aggravation of
the graft-versus-host reaction by the inocu-
lated parental lymphoid cells. This interpre-
tation fails, however, to account for the simi-
lar effect of simultaneous injections of F,
cells along with the parental marrow, and the
lack of the effect in CAF; mice inoculated
with BALB/c lymphoid cells. Furthermore,
“immunization” of BIF; and C31F; hybrids
could be accomplished just as effectively by
skin grafting 100 days before irradiation as
by inoculation of spleen cells. It is, there-
fore, inferred that the “immunizing action”
did not require injection of viable donor-type
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antibody-forming cells and that it was not
tissue-specific. “Immunization” has thus far
failed to cause rejection of parental skin
grafts in the strain combinations mentioned
in this paper (Cudkowicz, unpublished data),
suggesting that hemopoietic or lymphoid cells
grafted into irradiated recipients may consti-
tute a more sensitive indicator of histocom-
patibility differences than skin grafted onto
unirradiated hosts.

There is now no direct evidence in the
literature for active immunization of F; hy-
brid mice against parental transplantation
antigens(7), the observed facts fulfilling
generally the “one-autosomal gene, one anti-
gen” theory. The occurrence of hybrid-anti-
parent reactions, such as reported here, im-
plies that parental antigen(s) are lacking in
the hybrids between 2 inbred lines. Never-
theless, genic or allelic interactions in the in-
heritance of mouse histocompatibility factors
have been postulated by many investigators
on theoretical grounds or to explain certain
experimental results(5-7,11,25) and have
been demonstrated in species other than the
mouse(7, a review). Their discovery in the
mouse is, therefore, not altogether revolu-
tionary.

Summary. 1. Previous grafting of paren-
tal spleen cells or skin accentuated secondary
disease in F; hybrid mice subsequently ir-
radiated and inoculated with marrow from
donors of the same parental strain. 2. The
intensity of the effect varied in relation to
the extent of H-2 histocompatibility differ-
ences among the 4 strain combinations tested.
3. The effect is ascribed to “immunization”
of the F; hybrid against parental tissue anti-
gens. It is, therefore, inferred that parental
histocompatibility alleles may not necessarily
be expressed as codominants in F; hybrid
mice.

Addendum. After submission of the manuscript,
additional experiments showed that when the CAF,
hybrid was “immunized” against A spleen cells by
three, instead of two, inoculations at 30, 20, and 10
days prior to marrow grafting, respectively, second-
ary mortality ie., between 20-90 days) was en-
hanced to an extent comparable with that noted in
the other strain combinations tested. However, the
same treatment with BALB/c cells was not followed
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by increased secondary mortality. These results indi-
cate, therefore, that A strain parental tissues are
also capable of “immunizing” F, hybrid mice.
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Previously it was shown that various types
of injurious stimuli. when applied to peri-
pheral tissues. cause a release of intracellular
potassium(1). and that this release is pre-
vented by analgesic agents(2). Adriani(3)
suggests that process of excitation and in-
hibition in the C.N.S. may parallel those of
peripheral mechanisms. A specific relation-
ship between C.N.S. excitability and potas-
sium (K) is indicated by the work of Ghosh
and Quastel(4), Himwich(5), and Tsukeda
(6). A number of workers found a low se-
rum K during anesthesia(7,8,9). The pres-
ent investigation represents an attempt to
determine whether release and uptake of K
by brain cells may be one aspect of the
C.N.S. phase of the general stress response.

Methods. Rats were exposed to 3 differ-

ent types of stress conditions: 1. (a) Anoxia
was produced by evacuating a bell jar to an
air pressure of 225 mm Hg. This was main-
tained for 120 minutes. (b) After return to
ambient pressure, the animal was immedi-
ately decapitated. The brain was peeled out
and washed in K-free Ringer solution. The
2 hemisections were separately macerated
with fine sand, pestle and mortar. Potassium
(K) content was determined from flame-
photometric analysis of the watery extract
and expressed as microequivalents per gram
of dry tissue weight.

2. Heat stress was produced by putting a
rat in a hot chamber at 42°C. The rat was
maintained in the chamber until there were
signs of impending collapse (air hunger).
This took between 17 and 32 minutes with a





