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ulins and complement, show a swelling after
about 20 minutes affecting differentlv most.
but not all, of the cells. This observation and
the points mentioned above suggest that the
action of antibodies is not always evident, in
animal cells, as an “all or none” reaction.

The results presented here suggest that the
metabolic changes observed after antibody
action are not the consequence of a direct ac-
tion on a given enzymatic system and that the
study of glucose metabolism in cells sub-
mitted to antibody action is not always a use-
ful indication of the cytotoxic effect of the
latter.

Summary. The Os consumption of PF and
KB cell suspensions cultivated in wvitro and
of Walker rat tumor and liver cells incubated
with immune gamma globulins and comple-
ment, remains unchanged, while lactic acid
production in aerobiosis by Walker tumor
and liver cells, as a consequence of the action
of anti-Walker gamma globulins and com-
plement, shows a decrease. On the contrary,
in the presence of specific antibodies and
complement, an enhancement of aerobic gly-
colysis occurs in KB cells, while in PF cells
no change is observed. It is suggested that
some enzymatic systems may exhibit a dif-
ferent sensitivity to the altered metaholic ex-
changes occurring as a consequence of im-
mune globulin adhesion to the cell surface.
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It is generally assumed that the hypothala-
mus is warmed by the arterial blood which
perfuses it(1,2). This belief is associated
with the concept that changes in hypothala-

* Support for this research has come from the
following sources: Chicago Heart Assn. and from
Nat. Inst. of Health grant. : '

mic temperature, and resultant thermoregu-
latory discharges from it, are dependent upon
changes in the temperature of the perfusing
arterial blood supply. However, it is well
known(3) that the metabolic heat production
of a unit mass of gray matter in the central
nervous system is greater than that of most
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TABLE I. Temperature Gradients between Ante-
rior and Posterior Hypothalamus.

Hypothalamie temperature, °C

Cat No. Auterior Posterior AT
104 33.91 34.02 11
105 38.00 38.20 .20
106 39.61 39.78 17
111 39.71 39.85 14
112 39.34 39.47 .13
113 38.30 38.42 a2
114 36.98 37.13 15
Mean AT = .15°C S.E. = .006°C

tissues. The insulation of the brain by the
relatively avascular bony cranium provides a
limited heat loss by conduction and convec-
tion(4). Therefore, the temperature of the
brain, and specifically the hypothalamus,
should be determined by its rate of heat pro-
duction and by the blood flow passing
through it.

By use of small thermistors in 22 gauge
needles or in fine polyethylene catheters, ac-
curate measurements have been made of tem-
peratures in the hypothalamus and in arterial
blood in 9 cats under Sernylt anesthesia.
Temperatures were recorded by means of a
bridge circuit and sensitive optical galvano-
meters. The probes are capable of detecting
a change in temperature of 0.02°C. The hy-
pothalamic temperatures were always re-
corded from probes inserted at identical ster-
eotaxic coordinates, with the anterior probe
at A14 and the posterior probe at A8(5). In
all cases the probes were 1.5 mm to the right
of the midline and 6 mm above the interaural
line.

A consistent finding in these experiments
was that posterior hypothalamic temperature
was always higher than anterior hypothalamic
temperature (Table I). If arterial blood
actually warms the hypothalamus, total oc-
clusion of the blood supply to the brain
should result in a fall in these hypothalamic
temperatures. Within 15-20 seconds follow-
ing bilateral carotid occlusion (vertebrals in-
tact), both anterior and posterior hypothala-
mic temperatures rose continuously for 2
minutes, reaching a maximum approximately
0.5°C higher than the pre-occlusion control

t The Sernyl was generously furnished by Parke
Davis Co.
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FIG. 1. Effect of bilateral carotid occlusion on
temperatures in anterior and posterior hypothala-
mus of the cat.

FIG. 2. Effect of sodium pentobarbital on tem-
peratures in anterior and posterior hypothalamus
and in aorta.

level (Fig. 1). The extent and slope of the
temperature rise would, of course, be greater
if the vertebral arteries were also occluded.
The slope of both curves was steeper follow-
ing release than during occlusion. Since the
slope of the temperature rise in the posterior
hypothalamus following occlusion was not
greater than that in the anterior hypothala-
mus, it is improbable that the higher posterior
hypothalamic temperatures were due to
greater heat production. It is more likely
that this part of the hypothalamus has a
lesser blood flow than the anterior hypothala-
mus. This is supported by the more rapid
decline in anterior hypothalamic temperature
following release of occlusion, and by ana-
tomical evidence based on capillary counts
which indicate a greater vascularity in the
anterior hypothalamus(6).

It is quite clear, therefore, that arterial
blood temperature must be lower than that
of the hypothalamus and that the flow of
blood through the highly vascular hypothala-
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mus normally cools the thermosensitive ele-
ments. In a limited number of observations
(6 animals) arterial blood was found to be
from 0.34 to 0.75°C below posterior and 0.16
to 0.59°C below anterior hypothalamic tem-
perature. ‘This situation presumably does
not obtain for other areas perfused by the
same arterial supply, such as the sinuses and
tympanic membrane. We believe that these
areas supplied by the internal carotid artery
are regions of low metabolic activity, where
any gradient for heat flow is likely to be
from the arterial blood to these tissues of low
heat production. If this is true, then equat-
ing sinus or tvmpanic membrane tempera-
tures with intracranial temperature(7) is un-
warranted.

It is known that barbiturates depress cen-
tral temperature regulating mechanisms(8).
the in vitro metabolic rate of gray matter in
the brain(9) and the in vivo oxygen consump-
tion in monkey brain(10). Fig. 2 illustrates
an experiment showing the effect of sodium
pentobarbital on temperatures in the anterior
and posterior hypothalamus, and in the aorta.
At the time indicated by the arrow, 10 mg, kg
of sodium pentobarbital was injected intra-
venously. Within 20 seconds, a dramatic fall
in both anterior and posterior hypothalamic
temperatures began, and continued for ap-
proximately 7 minutes, at which time the
temperatures levelled off and remained at this
new low level for a prolonged time. The
maximum fall amounted to 0.35°C for an-
terior and 0.40°C for posterior hypothalamus.
In other cats the temperature drop was as
large as 0.75°C. Arterial blood temperature
declined slowly during the same period to a
a value 0.13° lower than the control level.
Qualitatively similar responses have been ob-
tained with doses of pentobarbital as low as
2.5 mg/kg. None of the injections was suf-
ficient to reduce systemic blood pressure sig-
nificantly.

Two possible mechanisms may be involved
in this response. 1. Pentobarbital may cause
a reduction in metabolic heat production in
the hypothalamus. 2. Pentobarbital may
cause an increase in hypothalamic blood flow.
If there were a reduction in hypothalamic me-
tabolism, one would expect a significantly de-
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creased temperature rise during carotid ar-
tery occlusion after administration of pento-
barbital. We found that this is not true. The
temperature rise and decline are quite similar,
both in magnitude and time course, to that
which occurred before pentobarbital was ad-
ministered. Thus there is no significant re-
duction of metabolic heat production in the
hypothalamus following administration of so-
dium pentobarbital in doses from 2.5-10 mg/
kg. It is more likely that the lowering of hy-
pothalamic temperature is due to a signifi-
cant increase in hypothalamic blood flow.
Schmidt ef al.(10) have reported that pento-
thal administration in the monkey results in
a decreased cerebral blood flow and oxygen
consumption. These observations are not in-
consistent with our data, since it is possible
that barbiturates decrease oxygen consump-
tion and blood flow in the cerebral cortex. In
the absence of changes in systemic arterial
pressure, this could result in a shunting of
blood from the cerebral cortex to the hypo-
thalamus. This explanation is consistent with
the findings of Donhoffer(11) that occlusion
of the carotid blood supply in cats under bar-
biturate anesthesia results in elevated hypo-
thalamic temperature, but a decreased corti-
cal temperature.

Summary. Simultaneous  temperature
measurements in the hypothalamus and ar-
terial blood reveal that the thermosensitive
elements in the hypothalamus are normally
cooled by the blood perfusing it. Posterior
hypothalamic temperatures are consistently
higher than those in the anterior hypothala-
mus. Occlusion of the common carotid ar-
teries elicited a marked elevation in hypo-
thalamic temperatures. Small i.v. doses (2.5
to 10 mg/kg) of sodium pentobarbital re-
sulted in a prompt and sustained decline. The
fall in temperature after pentobarbital ap-
pears to be due to a significant increase in hy-
pothalamic blood flow.
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Previous studies from this laboratory have
shown that-a combination of hydrocortisone
and metaraminol will reverse the lethal prog-
ress of canine endotoxin shock(1). Such
steroid-pressor therapy has been employed in
the management of patients with shock asso-
ciated with bacteremia due to Gram-negative
bacteria. A combination of aldosterone and
metaraminol has also been found to be effec-
tive in reversing experimental endotoxin
shock(2). The present report is concerned
with the marked pressor activity of angioten-
sin IT when used in combination with syn-
thetic d-aldosterone to reverse endotoxin
shock.

Methods. Forty-three mongrel dogs anes-
thetized with Na pentobarbital were used. A
lipopolysaccharide suspension of E. coli en-
dotoxin injected in a dose of 0.55 mg/kg into
the femoral vein, initiated a state of shock
that could be studied for 8 hours or until
death of the animal. Systemic arterial pres-
sure was measured continuously by a cathe-
ter placed in the femoral artery and recorded
on a Sanborn twin-viso. Arterial blood pH
and hematocrit were measured hourly. Urine
outputs were determined at hourly intervals
by means of an indwelling catheter in the uri-
nary bladder. Sera from aldosterone-treated
dogs were analyzed serially for sodium and
potassium with the Baird flame photometer.
D-aldosterone was given in a single intrave-
nous dose of 0.2 mg.* One mg of angiotensin

II in 100 ml of 5% dextrose and distilled
water was administered as a slow intravenous
infusion in amounts necessary to maintain
blood pressure at approximately 100 mm
Hg.* Permanent survivors were those ani-
mals alive 48 hours post-endotoxin.

Results. The combined results with 43
dogs given a lethal dose of endotoxin are
shown in Table I. The average survival time
for 13 control animals given endotoxin was
12.8 hours. These dogs showed marked he-
moconcentration, acidosis, hypotension, and
renal failure characteristic of this type of
shock (3).

A second group of 10 animals given endo-
toxin were treated with angiotensin II at that
point when the foregoing characteristics of
otherwise irreversible shock appeared. Five
of the 10 animals treated in this manner sur-
vived. An average dose of 650 y of angio-
tensin IT was required to maintain the blood
pressure at approximately normal values.
Some degree of acidosis was noted in these
animals at about 2 hours post-endotoxin, but
this had subsided at 4 hours post-endotoxin.
An increase in hematocrit, from a control
value of 42 to a maximum of 55, was seen 9
hours post-endotoxin. Oliguria and anuria
were not observed; actually, diuresis occurred
following therapy.

Two of the 10 dogs treated with aldoster-

* Supplied by Research Dept. of Ciba Pharma-
ceutical Products, Inc., Summit, N. J.



