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sponse to cold exposure or reserpine adminis-
tration. Iproniazid significantly reduced the
ability of reserpine to stimulate ACTH re-
lease while it did not block ACTH release
in response to cold exposure, as judged by
adrenal and thymus weights. Postpartum lac-
tation was significantly reduced by iproniazid,
without producing any significant loss of
body weight in the mother rats. These re-
sults suggest that iproniazid may inhibit the
release of prolactin, ACTH or oxytocin in
response to electrical stimulation of the
uterine cervix, reserpine injections or
suckling.

The authors are indebted to Hoffmann-LaRoche,
Inc. for the supply of iproniazid, and to T. E. Staley
for technical assistance.
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Role of Humoral Mediator in Tolerance to the Pyrogenicity of Bacterial

Endotoxin.
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Previous studies from this laboratory(1-3)
demonstrated unequivocally that humoral
factors play a role in endotoxin tolerance.
The mechanisms by which tolerance develops,
however, remain unknown.

Our findings suggested that the humoral
mediator of tolerance, demonstrated by pas-
sive transfer, effected an altered state in the
tissues rather than acting within the blood
as an inhibitor of, or antibody to, the endo-
toxin. Recent studies by Greisman et al(4)
have suggested that the humoral mediator of
tolerance acts as an opsonin with high endo-
toxin specificity. The experiments reported
here, based upon our earlier observation of
the retention of passively acquired tolerance
(2), demonstrate that rabbits given amounts
of tolerant donor plasma too small to be

effective against a first test dose of endotoxin
display a remarkable degree of tolerance,
compared to identically endotoxin-treated
controls, when rechallenged with a larger dose
of endotoxin the following day. The results
are inconsistent with hypotheses invoking di-
rect inhibition, detoxification, or opsonization
of the endotoxin by the humoral mediator,
and, most important, suggest that the events
leading to the expression of tolerance by the
animal are initiated by neither the endotoxin
alone nor the humoral mediator alone, but
by a combination of the two.

Materials and methods. The procedures
used for preparing tolerant donor rabbits, col-
lecting plasma, and performing pyrogen tests
in normal recipient rabbits, and the precau-
tions observed, have been described(2). The
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Boivin endotoxin used was derived from
Salmonelia typhosa O-901. All experiments
were done with one pooled lot of tolerant
donor plasma which at a 10 ml dose allowed
the demonstration of passive tolerance pre-
viously reported(2,5). Since, as described
below, the basic experimental model required
the use of amounts of tolerant plasma de-
monstrably ineffective against a first test
dose of endotoxin, a number of experiments
were done using from 1 to 5 ml volumes of
plasma followed directly or at various times
up to 2 hours with a 2.5 ug dose of endotoxin.
Rechallenge the following day was with a
dose of endotoxin 4 or 5 times larger. Con-
trol and experimental groups, comprising 3
or 4 rabbits each, were examined at the same
time in all instances. All injections were made
via a marginal ear vein. Male albino rabbits
weighing 1 to 1.2 kg were obtained from
a local breeder.

Results. Results of a representative experi-
ment are given in Fig. 1. On the first day
the experimental animals each received 2 ml
of tolerant donor plasma and S minutes later
were injected with 2.5 ug of endotoxin; the
controls received only the endotoxin. From
the mean febrile responses shown it is clear
that there was no significant effect of this
small amount of tolerant plasma on the pyro-
genicity of the endotoxin test dose. The fol-
lowing day, both groups were tested with
10 pg doses of endotoxin. This increase in
dose was sufficient to produce in the controls
another biphasic fever, of greater magnitude
than that seen the first day. The experi-
mental group, however, despite the ineffec-
tiveness of the tolerant plasma pre-treatment
against the lesser challenge the previous day,
responded this second day with a fever sig-
nificantly smaller than both that suffered by
the controls and the previous day’s response.

For the various modifications of method by
which this experiment was done (vide supra),
there were instances where the second day
biphasic response of the controls closely ap-
proximated that seen the first day, in which
case the experimental group showed a mono-
phasic fever the second day. Similarly, where
there was an apparent small effect of the
tolerant donor plasma on day 1 (which, in
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any one experiment, could barely be con-
sidered significant), the experimental group’s
response on day 2 was monophasic. Thus,
this striking difference in febrile response
upon rechallenge with an increased dose of
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FIG. 1. First and second day mean febrile re-
sponses of control (C) and experimental (E)
groups of 4 rabbits each, given 2.5 ug endotoxin
on day 1 and 10 ug endotoxin on day 2; experi-
mental group received 2 ml tolerant donor plasma
5 min before endotoxin on day 1.

FIG. 2. Mean febrile responses to 2.5 ug endo-
toxin given at 0 and 24 hr after 2 ml pooled toler-
ant donor plasma.

FIG. 3. Mean febrile responses to 2.5 ug endo-
toxin given at 0 and 24 hr after 4 ml pooled toler-
ant donor plasma.
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endotoxin, 24 hours after an initial test with
an amount of tolerant plasma ineffective
against the lesser challenge used at that time
was seen consistently.

Since passive tolerance may be easily
demonstrated on direct test by using larger
volumes of tolerant donor plasma, e.g., 10 ml
(2,4), it appeared possible that the initially
ineffective smaller volumes used here might
require a longer interval between administra-
tion and testing. Groups of 4 to 6 rabbits
each were given 2 ml of tolerant donor
plasma and were tested with the 2.5 pg dose
of endotoxin after intervals of 0, 15, 1, 2,
and 24 hours, with controls given only the
endotoxin. In Fig. 2 are shown the mean
febrile responses of the groups tested at O
and at 24 hours after treatment. This dose
of plasma was ineffective at all test intervals,
so the tolerance seen on day 2 in the experi-
ment described in Fig. 1 cannot be attributed
to a direct late effect of the plasma, even
disregarding the 4-fold increase in dose of
endotoxin used in the first experiment.

The results of the experiments represented
by Fig. 1 might be a consequence of an addi-
tive effect, i.e., a combination of the pas-
sively supplied humoral mediator plus an
amount contributed by the animal as a result
of the first endotoxin dose. This latter por-
tion would also occur in the controls, consti-
tuting the base-line against which differ-
ences are measured. The sum would ex-
ceed some critical value, making possible the
second day tolerant response to the larger
dose of endotoxin, when neither portion,
separately, is responsible. For hypotheses in-
volving any direct inactivation or opsoniza-
tion of endotoxin by mediator, it would be
imperative that the passive contribution of
humoral factor to the postulated critical sum
be present at the time of rechallenge the sec-
ond day.

To study this point under conditions ap-
plicable to the present investigation the fol-
lowing experiment was done. A group of 3
rabbits was given 4 ml volumes of the pooled
tolerant donor plasma used for the present
studies. Twenty-four hours later a second
group of 3 was given the same treatment, and
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directly thereafter both groups, plus a third
untreated group, were tested with 2.5 pg
doses of endotoxin. The mean febrile re-
sponses are given in Fig. 3. The limited effec-
tiveness of this pre-treatment with tolerant
donor plasma apparent against immediate
challenge had disappeared by the following
day. Any contribution of humoral mediator
24 hours after an even lesser dose and tested
with an even greater challenge would appear
most unlikely.

Discussion. The results of the present in-
vestigation raise the following question: if
the humoral mediator acts directly upon the
endotoxin by any particular mechanism—in-
hibition, detoxification, opsonization—to ef-
fectively lower the dose of endotoxin for the
animal, how can the mediator in a small
amount of plasma have no effect upon 2.5
pg of endotoxin exposed to it by injection
minutes later, but be remarkably effective
against a larger dose given the same animal
24 hours later? The tolerance seen on the
second day in the experiments represented by
Fig. 1 cannot be attributed to the endotoxin
itself, for this is the treatment given the
controls to which comparison is made. The
humoral factor cannot be acting directly in
a delayed or additive manner for the control
experiments disprove this. It appears most
reasonable that what we recognize as toler-
ance is the result of an ill-understood change
in the animal, taking some time to develop,
and initiated by neither endotoxin alone nor
humoral mediator alone, but requiring both
the endotoxin and the factor that appears (at
least in increased amount) in the blood of
an endotoxin-treated animal (made available
here by passive transfer).

The experiments reported here in no way
rule out an immunological mechanism for en-
dotoxin tolerance. With the invalidation(4,6,
7) of most of the assumptions that led to
the belief that tolerance does not have an
immunological basis the possibility that the
humoral mediator discussed here is an anti-
body must be considered, although no direct
evidence for this is available. Recently, Wat-
son and Kim(8) have offered impressive ex-
perimental evidence consistent with an im-
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munological mechanism. If antibody is as-
sumed, our results would suggest that toler-
ance is a host response to an antigen-anti-
body interaction, a circumstance which has
not been demonstrated for any endotoxic
activity.

Summary. Rabbits given volumes of endo-
toxin-tolerant donor plasma too small to
modify significantly the course of fever pro-
duced by a first test dose of endotoxin in-
jected shortly thereafter, display a remark-
able degree of tolerance to a larger dose of
endotoxin given 24 hours later, compared to
identically endotoxin-treated controls. The
results are inconsistent with hypotheses in-
voking any direct effect of the humoral medi-
ator upon the endotoxin.

PrROTEIN-POLYSACCHARIDE COMPLEXES

The technical assistance of Romus Broadway is
gratefully acknowledged.
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Changes in the chemical composition of the
intervertebral disc with aging or prolapse
have been studied by a number of investiga-
tors(1,2,3,4). They reported the following
changes with increasing age: a decrease in
total polysaccharide content, an increase in
collagen content and an increase in ratio of
keratosulfate to chondroitin sulfate-C. It has
also been shown that, in rabbits, growth hor-
mones, androgens and estrogens are able to
alter the composition of mature tissue toward
that representative of a younger age.

Very little work has been published on the
chemical and physical properties of the
mucopolysaccharide-protein complexes from
either the nucleus pulposus or annulus fibro-
sus of the human intervertebral disc, despite
the fact that this is very probably the form
in which these compounds exist 7z vivo. This
paper presents results of a study of some of
the chemical and physical properties of these

* This work was supported in part by grants from
Nat. Inst. of Arthritis and Metab. Dis.

complexes and their changes with increasing
age and in disc prolapse.

Methods. Material for the “normal” speci-
mens was obtained from subjects of ages 15
to 88 years, who were autopsied within 6
hours after death. In each case a large sec-
tion of the vertebral column was removed
and immediately frozen at the temperature
of dry ice. When frozen solid, the bone was
removed from the disc with an electric band
saw, the material from the disc placed in a
polyethylene bag and stored over dry ice un-
til ready for extraction. Samples of herni-
ated disc were obtained at surgery and frozen
immediately in dry ice until ready for extrac-
tion.

The annulus fibrosus and nucleus pulposus
were separated and extracted separately. Thin
sections were freeze-dried and weighed. The
freeze-dried tissue was minced and extracted
at 0 to 5°C with water for 1.5 hours in a
Virtis “23” homogenizer running at half
speed. Soluble collagen was eliminated by
precipitation with 2 volumes of ethanol in the



