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In a previous report (1) we have described the passive transfer of tolerance
to pyrogenicity of bacterial endotoxin. Such transfer was shown to depend
upon the manner in which tolerance was induced in the donor animal, and this
parameter has been further investigated. Both prolonged administration of the
bacterial lipopolysaccharide, through 5 weeks, and daily injections of a large
constant dose of endotoxin for a few days, permit demonstration of passive
transfer, depending upon the magnitude of the test dose of the pyrogen in the
recipient.

Intravenously injected doses of endotoxin which cause a fever also elicit an almost
immediate peripheral granulocytopenia. It has been thought that development of
tolerance to the fever-producing effect of the toxin, which is accompanied by refrac-
toriness to various other responses, extends to the acute leucopenia (2-5). If tolerance
to leucopenia regularly paralleled tolerance to pyrogenicity the hypothesis suggesting
endogenous leucocytic pyrogen as the mediator of endotoxin-induced fever (4) would
be strengthened. Not finding refractoriness to the drop in peripheral white cell count
in our rabbits passively tolerant to the pyrogenicity of endotoxin, we have studied
the changes in numbers of circulating leucocytes in endotoxin-treated animals. We
have not found tolerance to the leucopenia under conditions yielding substantial
tolerance to pyrogenicity. A search of the literature largely supports this finding that
tolerance to the pyrogenic effect becomes manifest without change in the acute leuco-
penic response (6-12).

Following the demonstration by Grant and Whalen (13) of an endogenous pyrogen
in the blood of rabbits injected with typhoid vaccine, an impressive series of experi-
ments by Wood and coworkers (14-17) has led to the hypothesis that endotoxin-
induced fever is a consequence of the action of the exogenous pyrogen upon the leuco-
cytes, or other cells, causing release of endogenous pyrogen which then acts upon the
thermoregulatory centers of the brain (4). From an equally impressive series of re-
searches, Bennett and associates (9, 18-25) have shown that the fever seen after
administration of endotoxin requires neither significant numbers of circulating leuco-
cytes nor the presence of endogenous serum pyrogen, and have postulated a dual
mechanism, involving a direct action of endotoxin, possibly accounting for the biphasic
nature of the febrile response (3).
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620 TOLERANCE TO PYROGENICITY

The present report describes the rapidly developing fever, of greater than
normal intensity, seen after intravenous endotoxin in leucopenic rabbits. The
results strongly support the second hypothesis: that the first phase, at least,
of the characteristic biphasic febrile response is attributable to a direct action
of the injected endotoxin upon the brain. It is further suggested that the lesser
initial phase of fever, in the animal having normal numbers of circulating
leucocytes, reflects a limitation of immediately available endotoxin by the
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Fic. 1. Comparison of effectiveness of blood obtained by long and short term treatment
for developing tolerant donors upon modification of febrile response of recipient rabbits
given 2.5 ug. endotoxin,

rapid sequestration in the white blood cells, at the time of the acute leucopenia,
described by Braude ¢t al. (26). Evidence for development of tolerance to the
pyrogenic effect of endotoxin, in the absence of significant numbers of white
blood cells, is also presented.

Materials and Methods

The endotoxin used in these experiments was the lipopolysaccharide of Salmonella typhosa
0901 (Difco). Rabbits were of mixed breed and both sexes, weighing 2 to 2.5 kg. Precautions
against pyrogen contamination, collection of donor blood for serum or plasma, and measure-
ment of the febrile response to endotoxin were as previously described (1). Total leucocyte
counts were made on blood taken from the marginal ear vein.

Tolerant Donor Rabbits.—The various schedules employed for inducing tolerance with
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endotoxin are described below in the appropriate experiments. In all instances endotoxin was
injected into a marginal ear vein and donor blood was taken 20 to 24 hours after the last
injection.

Normal Donor Rabbits.—These animals, from the same stock, provided serum or plasma
as controls for the tolerant donors.

Recipient Test Rabbits.—Except as noted below, the test dose of endotoxin for quantitating
the febrile response was 2.5 ug., intravenously. Preparation of test animals for, and manage-
ment during, the testing procedure were as previously described (1). Plasma or serum was
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Fi16. 2. Modification of febrile response of recipient rabbits to 2.5 ug. endotoxin by prior
administration of serum from tolerant donors prepared by constant or stepped dose schedules.

given intravenously in 10 ml. volume, either 30 minutes before, or, in one series of experiments,
mixed extemporaneously with, the endotoxin.

Leucopenic Test Rabbits.—The nitrogen mustard (HN2) used was methyl-bis[beta-chloro-
ethyl}-amine HCl (Merck Sharp and Dohme) dissolved in pyrogen-free saline at 1 mg./ml.
immediately before intravenous injection. Schedules for HN2 administration are given below;
change in numbers of circulating leucocytes after HN2 treatment was followed by daily
counts.

EXPERIMENTAL
Variation of Donor Schedule for Inducing Tolerance.—The effects of serum

or plasma from donor rabbits made tolerant by various schedules of endotoxin
treatment upon the febrile response to endotoxin of normal recipient rabbits
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are shown in Figs. 1 to 3. For investigation of the effect of long term treatment
of donors upon suitability for demonstration of passive transfer of tolerance
to pyrogenicity, the following experiment was performed:

Two rabbits were each given a total of 25 daily intravenous injections of endotoxin over a
5 week period, starting with 1 ug. and increasing the dose in increments to 10 ug. One was
bled for serum, the other for plasma, 24 hours after the last injection. Four normal recipients
were given serum and 3 plasma 30 minutes before the standard 2.5 ug. test dose of endotoxin.
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F1c. 3. Effect of magnitude of test dose of endotoxin upon alteration of the febrile response
of recipient rabbits pretreated with plasma of tolerant donors, and response to mixture of
tolerant plasma and endotoxin.

Three normal recipients were given plasma and 2 serum from tolerant donors prepared by
the previously described “procedure A”” (1): days 1 and 2, 2.5 ug.; days 3 and 4, 5.0 ug.; days
5 and 6, 10.0 ug. Six control rabbits received only the endotoxin. The results are shown in

Fig. 1.

Long term treatment of the donors allowed demonstration of passive transfer
of tolerance to the pyrogenic effect of the subsequent dose of endotoxin. Such
treatment was clearly no more effective than the brief schedule, adding further
evidence that the phenomenon is not attributable to specific antibody to the
lipopolysaccharide (1, 28). Transfer from donors given a small constant daily
dose of pyrogen was next examined:

Two rabbits were given 5 ug. of endotoxin daily for 7 days, and serum taken on day 8.
Four recipients were injected with serum of these donors 30 minutes before the test dose of
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pyrogen, 4 were injected with serum from donors prepared by “procedure A,” and 3 controls
were given normal rabbit serum before the endotoxin. The fevers observed in the test rabbits
are described in Fig. 2.

The constant small dose regimen was at least as effective as the stepped dose
schedule, “A.” It was decided to try a large constant dose, and to investigate
the effect of the magnitude of challenging dose of endotoxin in the recipient:

Six rabbits were injected with 25 ug. of endotoxin daily for 7 days, and blood for citrated
plasma was taken on day 8. Plasma from individual donors was given to paired recipients, 3
receiving the standard 2.5 ug. test dose of endotoxin 30 minutes later and 3 receiving a 25

ug. challenging dose. Three normal controls were given 2.5 ug. of endotoxin only. Included
in the experiment were 2 recipients injected with 10 ml. of plasma from donors made tolerant

TABLE I

Acute Leucopenic Response o 2.5 ug. Endotoxin in Conirol Rabbits Suffering Normal Febrile
Response and in Rabbits Passively Tolerant to Pyrogenic Effect

Mean white cell count/mm.? and range
Group No. of Rabbits

Pre-injection 1 hr. post-injection

Controls* 18 10,775 6,055
(9,500-13, 550) (3,450-8,450)

Normal donor 12 10,680 7,240
Serum or plasma* (9,400-12,000) (5,200-9, 500)
Tolerant donor 43 10,850 7,160
Serum or plasma} (8,300-14,200) (3,850-10,000)

* Normal febrile pattern.
1 Tolerant febrile pattern.

by “procedure A” mixed extemporaneously with 2.5 ug. of the pyrogen. The results are
given in Fig. 3.

It is seen that qualitative differentiation of the febrile response from that
observed in control animals is possible with the smaller test dose. The larger
dose, equal to that given the donors, resulted in a prolonged, biphasic, fever.
The simultaneous administration of tolerant donor plasma and endotoxin
yielded a typical tolerant pattern.

Acute Leucopenia in Recipient Rabbits.—Total peripheral while cell counts
were made before and 1 hour after 2.5 ug. of endotoxin in normal control rabbits
and in rabbits pretreated with normal rabbit serum or plasma, both groups
exhibiting a normal biphasic fever (1), and in recipient rabbits exhibiting a
tolerant febrile course resulting from prior adinistration of tolerant donor
serum or plasma. These data were obtained in the animals used in the studies
on passive transfer reported here and previously (1). In Table I are given the
data demonstrating equivalent leucopenia in all groups, despite the difference
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in magnitude and time course of fever following passive transfer from tolerant
donors. At no time was any correlation found between intensity of fever suffered
and degree of leucopenia. The assumption that the leucopenia reflects damage
to leucocytes with release of endogenous pyrogen, the latter mediating endo-
toxin-induced fever (vide infra), is not consistent with these findings.

Failure to Develop Tolerance to Leucopenic Response in Pyrogen-Tolerant
Rabbits.—Next investigated were the pre- and post-injection white cell counts
in rabbits given daily injections of endotoxin to induce tolerance to the pyro-
genic effect:

Six rabbits were given endotoxin intravenously as follows: days 1 to 3, 2.5 ug.; days 4 and
5, 5.0 pg.; days 6 and 7, 10.0 ug. The usual tolerance to pyrogenicity was observed, with

TABLE II

Acute Leucopenic Responses in Rabbits Given Daily Injections of Endoioxin. Responses on
Days 1, 2, 3 and 7 of Treatment

Mean white cell count/mm.® and range
Day*
Preinjection 1 hr. postinjection
1 11,110 7,170
(9,550~12, 550) (5,100-11,800)
2 11,570 6,510
(9,500-13,500) (4,500-9,300)
3 11,750 7,810
(10,650-13,450) (5,750-12,100)
7 11,410 7,460
(9,900-12,550) 1 (5,100-9,000)

* Days 1 to 3, 2.5 ug.; days 4 to 5, 5.0 ug.; days 6 to 7, 10.0 ug.

disappearance of the second phase of fever on the 2nd day. Total white cell counts were made
daily before and 1 hour after injection of the toxin, and in Table IT are given the results for

days1to3and 7.

No change in acute leucopenic response was found despite the usual modifi-
cation of fever pattern. This result has been consistently obtained in similarly
prepared donor rabbits. The 2 donor animals treated with endotoxin for 5
weeks (vide supra) responded irregularly during the last week, but at least a
slight fall in count was usually seen. Doubtless, with sufficiently long treatment
the leucopenic response may disappear, but this does not constitute parallel
behavior to the development of tolerance to pyrogenicity.

Time-Course of Febrile and Leucopenic Responses—In Fig. 4 are shown the
changes in body temperature and leucocyte count with time following a 2.5 ug.
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dose of endotoxin in 6 normal rabbits. No indication of a biphasic leucopenia
was seen. When a 10 ug. dose was used, the mean white cell counts before and
at hourly intervals after endotoxin were: 9,230; 5,070; 4,000; 7,150; and
9,550/mm.?; the time course of fever was essentially the same as with the lesser
dose.
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Fic. 4. Time course of febrile and leucopenic responses of normal rabbits given 2.5 ug.
endotoxin.

Febrile Response of Leucopenic Rabbits.—Two schedules of nitrogen mustard
administration were used to prepare leucopenic test animals:

Three normal rabbits were given HN2 intravenously as follows: day 1, 2 mg.; day 4, 1
mg.; day 6, 2 mg. On the 7th day counts were 825,525, and 600/mm.? Each was then given
2.5 ug. of endotoxin, as were 3 normal control rabbits, and the fevers were recorded. The HN2
treated animals were given another 2.5 ug. of endotoxin on day 8, when counts were 925,625,
and 1950/mm.3, respectively. The results are given in Fig. 5.

The leucopenic rabbits suffered a rapidly developing, exaggerated fever
following the first dose of pyrogen. The white cell counts 1 hour after the
endotoxin were 1550, 650, and 475/mm.? respectively. The first animal, with
a mean pre- and postinjection count of 1200/mm.?, had a lesser fever than the
other 2 with mean counts of 590 and 540/mm.?. The pattern of fever to the
second dose of endotoxin, 24 hours later, was typical of the tolerant response
to a second dose seen in rabbits with normal numbers of circulating leucocytes.
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Fic. 5. First and second day febrile responses of severely leucopenic rabbits given 2.5 ug.
endotoxin.
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Fic. 6. Febrile response to 2.5 ug. endotoxin of mildly leucopenic rabbits.
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The white counts at 1 hour were 575, 450, and 1150/mm.3, respectively. This
consistent fall in count was accompanied by lower fevers than on the 1st day
when there was no net drop in white count.

Next, 2 rabbits were given a single injection of § mg. of HN2. Four days later the white
cell counts were 2,100 and 2,270/mm.3. These, and 2 normal control rabbits, were given the
2.5 ug. test dose of endotoxin, and the observed fevers are shown in Fig. 6.

Again, a greater than normal fever was obtained, but the febrile response
was less severe than in the more severely leucopenic rabbits described in the
preceding experiment. The counts at 1 and 3 hours after endotoxin were 1,600
and 950/mm.?, and 3,850 and 2,300/mm.3, respectively.

DISCUSSION

Passive transfer of tolerance to pyrogenicity of bacterial endotoxin (1) has
been demonstrated with donor animals made tolerant by a variety of dose and
time schedules. That serum from donors treated with endotoxin for several
weeks was no more effective than that obtained from animals givena brief series
of injections is further evidence that the phenomenon is not mediated by
specific antibody to the toxin. The importance of the magnitude of the test
dose of pyrogen in the recipient is emphasized by the experiments with plasma
from donors given a large constant dose of endotoxin: recipients tested with the
same large dose, as in Cluff’s experiment (10), subsequent to administration
of tolerant donor plasma suffered typical biphasic fevers, whereas testing with
a smaller dose permitted qualitative differentiation of the febrile response from
that seen in control animals. Rabbits injected with extemporaneously mixed
lipopolysaccharide and tolerant donor plasma showed tolerance to the pyro-
genic effect. Protection by tolerant plasma against lethality of endotoxin in
the mouse (27) is not obtained by this procedure (28). The two test systems
differ greatly in challenging dose of toxin: 2.5 pg. in the rabbit as against 600
ug. in the mouse. In the latter case, irreversible changes produced quickly by
the lethal dose may require earlier stimulation of recipient animal defense
mechanisms (1, 28).

Passive transfer of non-specific resistance may have broader significance
than is revealed by experiments with bacterial endotoxin alone. Attention is
directed to recent findings by Reichard ef el. (29) of passive transfer of acclima-
tization to ordinarily lethal shock produced by tumbling trauma, and by
Gledhill (30) of protection against virus infection by serum of endotoxin in-
jected animals, this not explained by interference. Investigation in recipient
animals of other aspects of the wide spectrum of non-specific resistance achieved
with endotoxin treatment (31) is being pursued in our laboratory.

The leucopenic response to lipopolysaccharide was not modified in recipient
rabbits by prior treatment with either normal or endotoxin-tolerant donor
plasma, and the degree of leucopenia did not correlate with the magnitude of
the fevers observed.
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Olitzki et al. (5) found that normal rabbit serum, given simultaneously with vaccine,
or up to 48 hours before, prevented the leucopenia in normal rabbits. The opposite
was described by Farr and Lequire (32) who found an enhanced leucopenia (and fever)
in normal rabbits when the pyrogen was injected in normal rabbit serum instead of
in saline. Although inactivation of various properties of endotoxin by incubation in
serum has been described by many workers (see Landy et al., (33)), the basis for
refractoriness to leucopenia produced by normal serum, from a non-refractory donor,
given some time before the vaccine is not easily understood.

From the studies on peripheral leucocyte counts in rabbits made tolerant by daily
intravenous injections of bacterial endotoxin it is clear that tolerance to the granulo-
cytopenia does not develop as does tolerance to pyrogenicity. This is most readily
seen after 2 or 3 daily injections of endotoxin by which time the second, major, phase
of fever has disappeared. Smith (6) and Beeson (7) described repeated leucopenia with
daily administration of typhoid vaccine, but believed the responses were of lesser
magnitude toward the ends of their experiments. Morgan (8) and Smiddy and Fine
(11) noted that tolerance to the drop in white cell count did not occur as it did to the
pyrogenic effect. Cluff (10) found the same degree of fall in numbers of circulating
leucocytes on the 10th as on the 1st day of endotoxin treatment. Petersdorf et al. (9)
showed there was no difference in the leucopenic responses seen on the ist and 2nd
days of vaccine treatment despite alteration of the febrile response to the second in-
jection. Palmer and Herion (12) have recently described a tendency toward a biphasic
leucopenia following intravenous pyrogen in the dog, corresponding to the biphasic
fever, with no change in the initial leucopenia in the tolerant subject. We have not
been able to obtain any evidence for a biphasic white cell response in our rabbits.
Working with the guinea pig, Olitzki et al. (5) found essentially complete disappearance
of the granulocytopenia within a few days. Their counts were made at 2 hours after
injection of vaccine. The studies reported herein confirm that refractoriness to the
acute leucopenia is not ordinarily obtained in rabbits exhibiting tolerance to the pyro-
genicity of bacterial lipopolysaccharide. Pertinent here is Westphal’s study (34) using
graded doses of lipopolysaccharide. Fevers were obtained with minute doses in normal
rabbits, without concomitant leucopenia, this latter response appearing only as the
dose of endotoxin was increased to several hundred times the minimum pyrogenic
dose.

The response of the polymorphonuclear leucocyte to intravenous endotoxin has
played an important role in studies on the pathogenesis of fever. The presence of an
endogenous pyrogen in the blood of normal animals given endotoxin intravenously
(13-15), differing in properties and action from the exogenous pyrogen (9, 16, 35), is
well established. The recognition of the polymorphonuclear leucocyte as the source of
serum pyrogen is equally well established: leucocytic pyrogen (18, 20-22) appears to
be identical with the circulating endogenous pyrogen, and animals made severely
leucopenic by treatment with a nitrogen mustard prior to injection of endotoxin lack
endogenous pyrogen (24, 25). No other tissue source has been found (20, 22).

The many arguments for (4, 15, 17) and against (3, 9, 24, 25) the hypothesis that
endogenous serum pyrogen is the final mediator of endotoxin-induced fever have been
eloquently stated, and need not be repeated here. Our finding that leucopenic rabbits
respond to a test dose of endotoxin with a rapidly developing, supernormal fever re-
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inforces the existing arguments against this hypothesis based upon the previous
finding by Bennett and coworkers (19, 25) that the leucopenic animals, lacking endog-
enous pyrogen, still suffer a normal course of fever from intravenous endotoxin.
The exaggerated, rather than normal, fevers exhibited by our HN2-treated animals
are probably explained by the difference in experimental design. In the earlier work
each animal served as its own control, having been tested first with pyrogen, and,
then, one (19) or two (25) weeks later being made granulocytopenic and retested. Our
HN2-treated rabbits had not previously received endotoxin, for, in our experience, a
first dose of pyrogen produces a degree of tolerance to the pyrogenic effect of a second,
equal, dose for up to 3 weeks.

Thus the endotoxin-induced leucopenia, assumed to reflect the sticking of these
cells to vascular endothelium (36) with concomitant injury and release of endogenous
pyrogen (4), still occurs in rabbits showing altered febrile responses characteristic of
endotoxin tolerance.! That the leucocytes of the tolerant animal respond to endotoxin
in vitro with release of as much pyrogen as do those from the normal donor has been
demonstrated (17). The suggestion that, iz vive, the leucocytes of the tolerant animal
do not contribute as much endogenous pyrogen because of rapid removal of the endo-
toxin by the more active reticuloendothelial system (RES) (17) is not consistent with
the equivalent leucopenia confirmed here. Endogenous leucocytic pyrogen cannot be
assumed to be removed by the stimulated RES, for this pyrogen is fully active in the
tolerant animal and tolerance to its pyrogenicity does not develop. It is of great
interest that Penner and Klein (37), using pairs of dogs whose circulatory systems
were surgically altered so that the circulation serving the head of each dog was in
continuity with the body of the other for each pair, found that injection of toxin
into a femoral vein resulted in prolonged leucopenia only in the opposite circulation.
Proof of the integrity of the separate circulations is inherent in the results and the
conclusion appears inescapable that the leucopenia is a secondary effect following
cerebral stimulation and is mediated by the central nervous system.

In distribution studies with labelled endotoxin Braude ¢ al. (26) showed that
following a massive 6 mg. dose the greatest initial concentration per unit mass of
tissue was in the buffy coat, reaching a maximum at about 1 hour. With intravenous
injection of a few micrograms of endotoxin one would reasonably expect, on a prior:
grounds, that the concentration in the circulating white cells relative to other tissues
would be even greater. Actually, the immediate clearance of sublethal doses is not
very different from normal in tolerant animals (38). Others (39, 40) have described
the rapid, temporary, localization of intravenously administered endotoxin, e.g., within
the spleen, lungs, and lumen of vessels, with subsequent gradual decrease and appar-
ent return to the blood stream. Cortisone-treated rabbits hold endotoxin in the spleen

! An endotoxin from a Gram-positive organism (Staphylococcus, kindly supplied by Dr. C.
W. Christensen, Difco) has produced the typical biphasic febrile course seen after injection
of the Gram-negative endotoxins, but the response of the circulating leucocytes has differed
qualitatively. Instead of a maximum leucopenia at 1 hour, the approximate time of the peak
of the first phase of fever, the decrease in total white cell count did not begin until 1.5 to 2
hours, when the initial fever had ended. Maximum leucopenia (50 per cent of preinjection
count) occurred at 3 hours, at which time maximum fever had already developed (43).
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and lungs and survival time is increased (40). The tolerant animal temporarily traps
endotoxin in the lungs, presumably in the pulmonary capillaries, at the time of the
acute leucopenia, with release about an hour later (38, 41). It is worth considering
that the exaggerated fevers in our leucopenic rabbits occur because of the absence of
sufficient numbers of leucocytes to temporarily sequester the injected toxin, resulting
in a more rapid and intense effect upon the brain. Indeed, the objection (4) that
endotoxin only “spills over” into the spinal fluid when very large doses are given
may be true precisely because of the limitation imposed by sequestration in the cir-
culating white cells. When endotoxin is injected by the intrathecal route sensitivity
to pyrogenicity is several thousand times greater than that seen with intravenous
administration and there is no peripheral leucopenia (24, 42).2

We may postulate, then, that the role played by the leucocytes in endotoxin-
induced fever results in limiting and delaying the febrile response, by restricting
the blood concentration of endotoxin that may act upon the brain. The tolerant
animal, with its exalted RES activity, may clear endotoxin, as it reappears in
the blood, at a rate sufficient to prevent setting off the second phase of fever,
but the normal animal may not, accounting for the typical biphasic response.
The results of our studies on passive transfer (1, 28) are consistent with this
hypothesis.

Preliminary experiments (43) have yielded results supporting this postulate.
These studies, involving serial injection of heterologous endotoxins in normal
rabbits and in rabbits following passive transfer from endotoxin-tolerant donors,
suggest a contributory role for specific antibody in the early tolerant febrile
response, within the framework of Braude’s findings (38, 41), which, in itself,
cannot account for tolerance.

Remaining to be explained, of course, are the presence of endogenous serum
pyrogen after a first injection of endotoxin and the decrease in endogenous
pyrogen seen in developing tolerance. The latter point may be answered by the
work of Petersdorf and Bennett (25) who found that from 10 to 100 times the
pyrogenic dose of endotoxin was needed to demonstrate endogenous pyrogen
(and that purified endotoxin was a weaker stimulus for endogenous pyrogen
than was vaccine). A second dose of endotoxin may elicit less endogenous
pyrogen because it is, in effect, a lesser dose. While there is great temptation to
refer the observed endotoxin fever to the serum pyrogen present in particular
circumstances, things that look alike need not be alike. Worth recalling, here,
is that leucocytic pyrogen has been demonstrated (21) in white cells taken from
the blood stream of normal afebrile animals.

2 The pyrogenic effect of submicrogram doses of endotoxin injected into the lateral cerebral
ventricle of the cat has recently been described; this route of administration was not subject
to tolerance (44).
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SUMMARY

The effect of various schedules for inducing tolerance to bacterial endotoxin
in donor rabbits upon suitability for demonstration of passive transfer of
tolerance to pyrogenicity in normal recipients has been investigated. Long-term
treatment of donors, through 5 weeks, is no more effective than a brief series
of injections, adding further evidence that tolerance is not attributable to
specific antibody to the endotoxin. Qualitative differentiation of the febrile
pattern of passively tolerant recipients from that seen in control animals de-
pends upon the magnitude of the test dose of pyrogen.

Passively tolerant rabbits respond to endotoxin with an acute leucopenia
equivalent to that seen in controls suffering a full biphasic fever. Animals
given daily injections of endotoxin continue to show the acute leucopenia,
despite the early modification of the course of fever characteristic of endotoxin
tolerance. The assumption that the leucopenia reflects damage to the leuco-
cytes, with release of endogenous pyrogen, is not consistent with these findings.
Rabbits rendered leucopenic by nitrogen mustard and then given endotoxin
exhibit a rapidly developing fever of greater than normal intensity, the exagge-
ration of the febrile response being proportional to the severity of the induced
leucopenia.

The implications of these findings for the pathogenesis of endotoxin-induced
fever are discussed. The evidence supports the hypothesis that endotoxin pro-
duces fever by direct action rather than by release of endogenous leucocytic
pyrogen. It is postulated that the lesser fever, in animals having normal num-
bers of circulating leucocytes, reflects a limitation of available endotoxin by
the known rapid sequestration in the white blood cells at the time of the acute
leucopenia. It is further suggested that the biphasic febrile response of the
normal rabbit results from reinoculation of the blood stream by the temporarily
sequestered endotoxin, the RES of the tolerant animal clearing the released
endotoxin at a rate sufficient to prevent triggering the second phase of fever.

It is a pleasure to acknowledge the skilled technical assistance of Miriam Graff.
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