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Antimetabolic Extract from the Brain of the Hibernating 
Ground Squirrel Citellus tridecemlineatus 

Abstract. Extracts of subcortical brains from hibernating ground squirrels, when 
injected intravenously into rats, caused a mean decrease in oxygen consumption of 
35 percent and a decline in body temperature of 5?C. The effects lastedfrom 75 min- 
utes to 30 hours. Brain extracts of nonhibernating squirrels caused no significant 
changes in these parameters. 
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metabolic rate of estivating lungfish in na- 
ture drops independent of a change in 
body temperature. This has been directly 
confirmed by Rienhard (4). Thus, evi- 
dence is accumulating that metabolic 
rate can be reversibly lowered in mam- 
mals and poikilotherms by mechanisms 
independent of the depression of bio- 
chemical reaction rates associated with 
decreasing temperature. 

The existence of a specific endocrine 
factor in the torpor of hibernation was 
first suggested by Kroll (5) and Dawe and 
Spurrier (6) later showed that injections 
of a filtrate of blood from hibernating 
ground squirrels could induce onset of 
torpor in alert ground squirrels. 

The first evidence that metabolic rate 
might be lowered in a homeotherm (rat) 
by an agent extractable from the brain of 
a torpid animal was that published by 
Swan, Jenkins, and Knox (7). When in- 
jected intravenously into white rats, ex- 
tracts of estivating lungfish brains caused 
a 35 percent decline in CO2 production 
followed by a decrease in body temper- 
ature of 5?C. The effect lasted only a few 
hours. They theorized that the extract 
might contain a specific antimetabolic 
hormone and suggested the name 'an- 
tabolone" for it. 

In 1972 Swan reported data derived 
from studies of comparative metabolism, 
which supported Keller's classic concept 
of "a normally elevated basal metabo- 
lism" (8). And that portion of the resting 
metabolic rate of homeotherms, which 
normally exists primarily to produce 
heat rather than energy biologically con- 
vertible to work, was suggested by Swan 
to be the expendable or viably depress- 
able fraction of metabolism when accom- 
panied by alterations in thermoregula- 
tory mechanisms (9). 

We now confirm that metabolic rate 
may be reversibly decreased in rats with- 
out a preceding drop in the level of body 
temperature and describe experiments in 
which the response of white rats to intra- 
venous injection of an extract of the 
brain of hibernating ground squirrels is 

compared to the response following in- 
jection of a similar extract from the non- 
hibernating ground squirrels (Citellus tri- 
decemlineatus). Oxygen consumption 
(Vo2), electrocardiograms (EKG), and 
body temperature (TB) were monitored. 

Ground squirrels were obtained (com- 
mercially) in October. To encourage hi- 
bernation they were housed in a quiet 
dark room at 6?C with adequate food and 
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dark room at 6?C with adequate food and 
water. Most of the animals were hiber- 
nating by late November. During the 
next 3 months, torpid squirrels (TB = 6? 
to 8?C) were killed without arousal by 
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decapitation, the brain was rapidly dis- 
sected, the superficial cortex was ex- 
cised, and the remainder of the brain was 
plunged into liquid nitrogen. The entire 
procedure took approximately 90 sec- 
onds. The tissue, consisting of the entire 
brain (except a thin layer of the cortical 
hemisphere), especially the hypothal- 
amus and the pituitary gland, was stored 
for varying periods in liquid nitrogen pri- 
or to extraction. Nonhibernating squir- 
rels were killed in May. Extracts were 
prepared by the method of Guillemin et 
al. (10) as modified by Swan, Jenkins, 
and Knox (7). The method is designed to 
extract and partially purify polypeptides 
by means of acetone extraction, homoge- 
nization, multiple extraction in acetic 
acid and acetone, and removal of lipids 
with ether. The resulting dry powder, 
about 8 to 10 mg per brain, was stored at 
- 20?C. Immediately prior to use, the ex- 
tract was reconstituted in 1.75 to 2.5 ml 
of acetate buffer at a final pH of 5.2. 

Holtzman white rats (250 to 350 g), 
with an inlying cephalic vena caval cath- 
eter of P-50 tubing and with stainless 
steel wires implanted in the extremities, 
were used as subjects for biological as- 
say. From 2 to 4 days elapsed between 
surgery and testing. 

At about 0900 hours on the day of ex- 
periment, the rat was placed in a restrain- 
er, a recording (Yellow Springs) thermis- 
tor was positioned in the colon, EKG 
leads were attached to the wire sutures, 
and the jugular catheter was attached to 
an extension that led through a sealed 
aperture in the front door of the metabol- 
ic chamber in which the rat was placed. 

The temperature in the chamber was 
regulated between 22? and 26?C by run- 
ning water through a surrounding jacket. 
Oxygen consumption was monitored 
with a Beckman F3 analyzer and strip 
chart recorder. Body temperature and 
heart rate were recorded every 15 min- 
utes throughout the experiment. After a 
3-hour preinjection period, the test mate- 
rial was injected slowly over a 15-minute 
period. Observations were routinely con- 
tinued for the next 3 hours. In two in- 
stances, the response was monitored for 
26 and 30 hours. 

The results of injections of extract 
from hibernating and nonhibernating 
squirrel brains at a dose of 300 mg of ex- 
tract per kilogram of body weight are 
shown in Fig. 1. Oxygen consumption 
was calculated as milliliters of 02 per 
kilogram per minute at standard temper- 
ature and pressure and expressed as a 
percentage of the preinjection value, a 
mean of the last three observations be- 
fore injection. 
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