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OELTGEN, P. R., J. W. WALSH, S. R. HAMANN, D. C. RANDALL, W. A. SPURRIER AND R. D. MYERS. 
Hibernation "trigger' ': Opioid-like inhibitory action on brain function of the monkey. PHARMAC. BIOCHEM. BEHAV. 
17(6) 1271-1274, 1982.--A hibernation "trigger" factor derived from the blood of the hibernating woodchuck acts to suppress 
vital physiological processes in the primate. When infused into the cerebral ventricle of the conscious monkey, the factor 
induced hypothermia, behavioral depression, bradycardia and aphagia. The opiate antagonists, naloxone and naltrexone, 
either reverse or retard these behavioral and physiological signs. We hypothesize that the "trigger" molecule is an 
endogenous opioid-like peptide which may be unique to the hibernator. Moreover, the non-hibernating primate apparently 
possesses receptor sites in the brain that are capable of responding to this potent molecule. 

Hibernation "trigger" Plasma albumin fraction Hypothermia Bradycardia 
Endogenous opioid-like peptide Behavioral depression Opioid antagonists 

Hypophagia 

IT has been over a decade since Dawe and Spurrier [3] pre- 
sented the first evidence for the presence of a hibernation 
"trigger" (HT) factor in the blood of the hibernating wood- 
chuck and ground squirrel. They demonstrated that whole 
plasma withdrawn from the animal during the phase of win- 
ter hibernation induces a similar state of torpor when the 
plasma is injected in an active squirrel or woodchuck during 
the summer months. Attempts to biochemically characterize 

the HT molecule clearly show that the factor is bound to, or 
closely associated with, the plasma albumin fraction [ 11], is a 
protein [13], and exerts a profound effect on blood con- 
stituents [ 12,15]. Recently it was discovered that HT infused 
into the cerebral ventricle (ICV) of the conscious monkey 
produces a transitory fall in body temperature and a long 
term reduction in the animal's intake of food [10]. 

We now report that in the primate an ICV infusion of the 
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isolated HT-containing albumin fraction obtained from the 
hibernating woodchuck not only produces profound physi- 
ological alterations including hypothermia, bradycardia and 
hypophagia, but also induces an opiate-like modification in 
behavior [1]. Moreover, treatment with an opiate antagonist 
either entirely abolishes the effects of HT or retards its on- 
set. 

METHOD 

Three adult male rhesus monkeys, Macaca mulatta, 
weighing 6-8 kg were accustomed to primate restraining 
chairs. The experimental room was maintained at an ambient 
temperature of 22-24°C and an illumination cycle of 15 hr 
light and 9 hr dark. Each monkey was provided with an ad lib 
supply of water and was trained to press a lever to activate 
an automatic feeder which delivered specially formulated 0.3 
g banana pellets (P. J. Noyes Co., Precision Food Pellets). 

Neurosurgical Procedures 

After each animal was sedated with 15 mg/kg ketamine 
and subsequently anesthetized with halothane, aseptic surgi- 
cal procedures were used as follows. Cardiac electrodes for 
monitoring heart rate were implanted as described previ- 
ously [14]. A YSI thermistor bead for measuring cranial tem- 
perature was positioned 1.0 cm beneath the surface of the 
dura mater. This was accomplished by drilling a 5 mm 
craniotomy hole in the parietal bone and then stainless steel 
screws were inserted around the opening. After the thermis- 
tor was lowered in place, cranioplastic cement was used to 
affix the thermistor to the anchor screws and bone [8]. An 
intracerebroventricular (ICV) cannula of the Collison design 
was implanted stereotaxically in either or both lateral ven- 
tricles according to rigid aseptic procedures described previ- 
ously [6,9]. For this procedure, two holes were drilled 
equidistantly 6.0 to 7.0 mm from the midsagittal suture at an 
AP coordinate of 12.0 to 14.0 mm anterior to stereotaxic 0. 
After each hole was threaded by a tap, the 18 gauge stainless 
steel guide cannula was screwed into the skull so that the tip 
rested 10.0 to 12.0 mm below the surface of the dura. Retain- 
ing screws were then positioned in the cranium around the 
base of each cannula and cranioplastic cement was packed 
around the entire array. To verify patency with the ventricle, 
a 20 gauge inner cannula, connected to a length of PE tubing, 
was first filled with artificial CSF [6]. After the cannula was 
passed through the diaphragm of the Collison cap, it was 
lowered until the pressure head of CSF was observable as 
reflected by rhythmic pulsations of the fluid within the PE 
tubing [9]. 

The animals were permitted two weeks to recover from 
the surgical procedures. Then, all overt primate behavioral 
patterns were monitored by a television camera and re- 
corded on videotape both before and after ICV infusions of 
control or HT-contalning albumin fractions. 

Preparation of Woodchuck and Primate Plasma 

Plasma which was fractionated and assayed for opioid 
activity following ICV infusion in primates was obtained 
from hibernating woodchucks. Blood was drawn aseptically 
by cardiac puncture while these animals were in deep hiber- 
nation as evidenced by having core temperatures of approx- 
imately 4-6°C and heart rates of one or two beats per minute. 

An affinity chromatography technique, utilizing Affi-Gel 
Blue (Bio-Rad Industries, Richmond, CA) as the chromatog- 
raphy matrix was utilized to obtain nearly homogeneous 
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FIG. 1. (A) Brain temperature of a representative monkey following 
ICV injection of 8.0 mg HT in 400/zl of CSF; 400/xl of control CSF; 
or 8.0 mg MSA in 400 ~1 CSF. Abscissa is time in hours. (B) Heart 
rate (15 min computer averages) of a representative monkey. An 
interval of 48 hr or longer between each ICV injection of 400/zl CSF, 
8.0 mg MSA, or 8.0 mg HT. Abscissa is time in hours. (C) Baseline 
intake of banana pellets of a representative monkey over five days 
(lst bar). Food intakes at interval of 48 hr or longer after ICV infu- 
sion of 400/zl CSF vehicle (2nd bar); 8.0 mg MSA (3rd bar); of 8.0 
mg of HT (4th bar). Recovery from hypophagia post-HT infusion is 
depicted by the 5th through 1 lth bars. 

HT-containing albumin fractions for ICV infusions in pri- 
mates. This technique was also utilized for fractionating pri- 
mate plasma albumin fractions. This technique is highly ef- 
fective in selectively absorbing albumin from the plasma and 
has been described previously [11]. 

ICV Injections 

Before an experiment began each animal's baseline tem- 
perature and heart rate was monitored for at least 2 hours 
while food intake was monitored for 5 days. Prior to ICV 
infusion the hibernating woodchuck albumin or monkey 
serum albumin fractions were reconstituted in iced artificial 
CSF [6] at a concentration of 2.0 rag/100 ~1 and rendered 
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FIG. 2. The effects of opiate antagonists, naloxone (&) and nal- 
trexone (41,), on brain temperature and heart rate of a representative 
monkey either 1 hr before or after injection of HT (e). (A) Delay 
(top) of the hypothermic response produced by 200/xg of naltrexone 
ICV 1 hr prior to injection of 8.0 mg HT; reversal (bottom) of 
hypothermic response after intravenous injection of 30 /xg/kg 
naloxone. (B) Abolition of bradycardia (top) by ICV injection of 200 
/zg naltrexone 1 hr prior to HT injection; attenuation ofbradycardia 
(bottom) after intravenous injection of 30/~g/kg naioxone 1 hr after 
8.0 mg HT. 

pyrogen-free by passing them through a 0.21 micron Amicon 
Sterilet (Amicon, Danvers,  MA). The dose of HT selected 
was twice that used in previous experiments [10] with the 
overall set of  responses being essentially double in intensity. 
The protein concentration of  the HT material was 0.93 mg/ml 
[4]. Serum immunoglobulin and CSF protein and glucose 
levels were determined before and at the end of each exper- 
iment. No significant change in these parameters  were noted 
following HT or MSA injections nor were any signs of an 
untoward immunological response to the purified HT albu- 
min fraction observed in these experiments.  

RESULTS 

As depicted in Fig. 1, an infusion over a 2 min interval of 
8.0 mg of the HT-containing albumin fraction [ 10] in 400/zl of 
artificial CSF into the lateral ventricle of a representative 
animal exerted a profound effect on the behavioral and phys- 
iological parameters.  The sequence of behavioral changes 

which ensued usually within 10-15 min following an infusion 
were retching, yawning, mouth gaping and marked lethargy. 
These responses were followed by closure of  the eyes,  
slumping of  the head and the overt  appearance of  an 
anesthetized state which persisted for 3 to 5 hrs. Physiolog- 
ical changes included a marked hypothermia of  varying in- 
tensity, onset and duration which ranged from 1.5 to 3.0°C 
below the baseline with the mean fall in brain temperature of  
2.6°C. A concomitant bradycardia  persisted for up to 8 hrs 
after infusion with a maximal decrease of  43% to 50% below 
the baseline heart rate of  150 b.p.m. The period of  
hypophagia lasted for 5 to 7 days. Especially notable is the 
fact that the monkeys ate no food during the first 12 to 18 hr 
period after the ICV infusion of HT. In the three animals 
studied, we noted that there was virtually no weight loss 
over the period of hypophagia possibly because the 
metabolic rate was transiently suppressed during this inter- 
val. Following parallel ICV infusions of 400/xl of either a 
5-ion artificial CSF vehicle or 8.0 mg of monkey serum al- 
bumin (MSA), none of  the afore-mentioned behavioral or 
physiological modifications were observed. This corresponds 
to the absence of any effect of the albumin fraction obtained 
from the summer-active, non-hibernating woodchuck [10]. 

To determine whether opiate receptor  blockers would 
alter the responses to HT, we pretreated the brain with ICV 
naltrexone, a longer lasting antagonist; to examine the more 
short acting antagonism, we gave naloxone intravenously 
following HT infusion. The intravenous infusion of the 
opiate antagonist, naloxone (30/zg/kg), one hr following ICV 
infusion of HT exerted a remarkable effect in all three 
animals. Within minutes they became alert and then oriented 
to their environment. In fact, naloxone completely abolished 
the long-term hypophagic response and in some animals im- 
mediate feeding followed the drug injection. Moreover,  
naloxone attenuated or reversed the hypothermia as well as 
the extent and duration of  the accompanying bradycardia.  
As shown in Fig. 2A, an ICV infusion of 200/xg of  the long- 
acting opiate antagonist, naltrexone, 1 hr prior to HT infu- 
sion not only delayed the onset of  the hypothermic response 
by over  an hour but also attenuated the magnitude of the fall 
to only I°C. Naloxone given after temperature had fallen 
1.5°C, one hr after HT, not only stopped a further decline but 
reversed it as well (Fig. 2A). Nal t rexone 's  effect differed 
from that of naloxone's  in that it also abolished the 
bradycardia.  Further,  the animals exhibited only brief 
episodes of lethargy and eye closure and no long-term 
hypophagia. 

DISCUSSION 

Previously the hibernation " t r igger"  factor had been 
shown to exert  a highly specific effect in an environmentally 
adapted hibernating species. The present experiments ex- 
tend our initial finding [10] that the HT molecule induces a 
sequence of  profound physiological and behavioral effects in 
the primate species that is not able to undergo hibernation, at 
least as we know it. Thus, the broad range of  biological 
activity of  the HT demonstrates that the factor is not 
species-specific. Further,  the experiments with naloxone 
and naltrexone provide the first evidence that the HT frac- 
tion from the hibernating woodchuck may serve as a carrier 
for a potent opiate-like substance. Possibly synthesized in 
the brain of the hibernator,  the substance is apparently 
bound subsequently to a circulating albumin component and 
thus may be responsible for an animal 's  entry into natural 
hibernation. 
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Two findings bear  on this deduction.  First,  Margules et 
al. [5] found that  naloxone but not  saline increases the heart  
rate of  the hibernating Turkish hamster  and can precipi tate 
arousal ,  but  has no cardio-accelera tory  nor  arousing action 
in a non-hibernat ing hamster .  Second,  the hibernating 
ground squirrel,  but  not  the act ive animal,  is resistant  to the 
induct ion of  physical  dependence  on morphine  [2]. This 
could be  due to a blockade of  the brain 's  opiate receptor  sites 
by an endogenous  opioid-peptide factor,  namely  the H T  
molecule.  

In any event ,  the clinical potential  for a molecule  such as 
H T  is quite extraordinary.  It could be used to depress  me- 
tabolism, lower  body temperature ,  manage cardiovascular  

funct ion or  reduce  food intake, all in a pharmacological ly  
control led manner .  In this context ,  the conscious  pr imate  
may const i tute  a most  suitable species for the further exam- 
ination and analysis of  H T  activity of  reso lved  plasma frac- 
tions. 
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