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CLARK, W G Influence ofoptolds on central thermoregulatory mechamsms PHARMAC BIOCHEM BEHAV 10(4) 
609-613, 1979 --Of the effects of morphine and endogenous oplold peptldes on thermoregulatlon, the one which is most 
hkely to be of physmloglc slgmficance is hyperthermm This increase m body temperature is the result of coordmated 
changes m both physmlogacal and behaworal thermoregulatory actlvmes and, hke fever, reflects an increase m the level 
about which body temperature is regulated Morphine, endogenous oplold peptldes and other oplolds such as pentazocme 
all cause hyperthermm, but the considerable variation m the dose of naloxone reqmred to antagomze the different agonlsts 
indicates that more than one type of opmte receptor ~s revolved m these pharmacologic responses The minimal effect of 
naioxone and naltrexone on normal body temperature and on pyrogen-mduced fever indicates that endogenous oplold 
pepades are unlikely to act physiologically vm stimulation of receptors specifically sensmve to morphine However, 
methtonme-enkephalm ~s less readily antagonized by naloxone and could have a phystologlc role m thermoregulatlon 
through stimulation of another type of opiate receptor 

Endogenous oplold pepUdes Thermoregulatory mechamsms 
Morphine Pentazocme Narcotic antagonists 

Opmte receptors Restraint Narcotics 

AMONG the most rapzdly developing areas in pharmacology 
dunng the past five years have been the study of opmte 
receptors and the chemical and pharmacological char- 
actenzatlon of endogenous oplold peptldes [29, 55, 60] Nar- 
cotics have long been known to alter body temperature [30], 
but only since the d~scovery of endogenous oplold peptldes 
has a physiologic role of morphine-like substances m ther- 
moregulatzon been considered This article summarizes re- 
cent advances m the understanding of the central effect on 
thermoregulatmn of low doses of morphine and evidence 
that central administration of endogenous oplold peptldes 
can also alter body temperature. The posslbihty that these 
peptldes medmte thermoregulatory processes by stimulation 
of naloxone-reslstant opiate receptors ~s also considered 

EFFECT OF RESTRAINT ON THERMOREGULATORY RESPONSES 
OF RATS TO MORPHINE 

Differences in methodology have contrabuted to confu- 
sion about the primary effect of morphine on body tempera- 
ture This confusion has originated mmnly from studies of 
the effects of morphme on thermoregulation m the rat This 
species has often been reported to develop blphaslc re- 
sponses m which hyperthermm ~s preceded by hypothermla 
[5, 22, 47] or to respond to lower doses with hyperthermla 
and to higher doses with hypothermla [15, 17, 22, 25, 35, 47, 

53, 56] Recent ewdence indicates that restraint can greatly 
affect the thermoregulatory response of rats to morphine and 
favors development of hypothermla In one study [63], un- 
restrained rats gaven injections of morphine mto the preop- 
tic/anterior hypothalamlc region of the brain or IP responded 
with hyperthermla while rats restrained m plastic holders 
and given the same doses developed hypothermia. In this 
study and m another in which hyperthermia was evoked by 
SC injections of doses of morphine sulfate as high as 80 
mg/kg [62], body temperature was measured by insertson of a 
thermistor probe into the rectum at 15-30 min intervals, and 
it might be argued that these periodic disturbances of the 
otherwise unrestrained rats evoked strugghng or m some 
other way increased heat producUon, thereby favonng de- 
velopment of hyperthermla. However, these ammals were 
generally qmet, lmmobde or catatomc and did not struggle 
when their temperatures were measured Furthermore, in 
two other studies [36,37], when body temperature was mom- 
tored in free-moving rats w~th a thermistor ~mplanted into the 
peritoneal cawty, morphine still ehclted hyperthermla 
Hypothermla or less hyperthermm was evoked by the same 
doses after peripheral and central administration, respec- 
twely, when the rats were enclosed in a plastic restraining 
device Therefore, in the rat hypothermm m response to 
morphme occurs primarily after acute admmistratmn of 
higher doses and/or in assocmtlon with restraint Although 
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the hypothermlc effect of morphine in rats is also of consid- 
erable interest [34,45], ~t Is more hkely that hyperthermla, 
winch is elicited by lower opmte doses whether or not re- 
straint is used, reflects a possible physiologic action of re- 
lated endogenous peptides Studies of thermoregulatory ef- 
fects of drugs in restrained animals should be evaluated with 
caution and, if restraint is used, additional experiments 
should be done in unrestrained ammals to assess potential 
qualitative and quantitative variations attributable to the re- 
straint 

EFFECTS OF MORPHINE ON CENTRAL THERMOREGULATORY 
MECHANISMS 

Two approaches have been used to assess drug actions on 
different components of the thermoregulatory system One 
approach Utdlzes changes in body temperature evoked by 
drugs in animals exposed to a series of different ambient 
temperatures [2] An agent winch alters the thermoregula- 
tory set-point or afferent feedback from thermoreceptors 
should cause coordinated changes in behavioral and other 
effector activities all of winch favor a shift in temperature m 
the same dlrecUon Within a range of environmental tem- 
peratures from above to below the thermoneutral range of 
the species, the change m body temperature is essentmlly 
independent of environmental temperature This type of re- 
sult has been reported for pyrogens [48], prostaglandlns 
[23,58], tetrodotoxln [8] and histamine [9] 

Drugs winch act on specific effectors or neuroeffector 
pathways can alter body temperature but, since the other 
components of the thermoregulatory system still function 
normally, opposing effectors are activated to counteract or 
buffer the primary drug effect For example, 2,4- 
dlnltrophenol-mduced hyperthermla in the dog evoked pant- 
mg and sahvatlon [59]. The magnitude of the drug-induced 
change in body temperature will vary somewhat with am- 
blent temperature since the effectiveness of both the direct 
drug-induced alteration and of the compensatory mech- 
amsms will be influenced by the initial levels of activity of 
the various effector systems. Other drugs winch act on effec- 
tor systems include N-methyldlphenhydramlne and trl- 
lodothyronine [16] 

Drugs that depress thermoregulatory control mechanisms 
~mpalr ability to correct for changes m body temperature 
caused by environmental thermal stress whether or not the 
change in body temperature is detected by the thermorecep- 
tors Therefore body temperature tends to passively draft, 
upward in a warm and downward in a cold environment; I e, 
the subject becomes polkdothermlc Anesthesia and chlor- 
promazlne are examples 

Several reports indicate that morphine, given peripherally 
[10, 18, 41, 42, 57, 65] or centrally [3, 4, 10], consistently 
causes hyperthermla m the cat. When morphine was rejected 
into the thwd ventricle of this species, very similar changes 
m body temperature developed regardless of whether am- 
blent temperature was cold (4-6°C), hot (33-36°C) or usual 
room temperature (21-23°C) [10] The increase m body tem- 
perature was assocmted with shlvenng at the lower ambient 
temperatures At the highest ambient temperature sinvenng 
was not evoked, but respiratory rate decreased after mor- 
phine if it was already elevated These results indicate that 
morpinne increased the level at which body temperature is 
regulated, much as does pyrogen Injections of morphine 
into the lumbar spinal subarachnold space also evoked hy- 
perthermm in restrained rats [52], and comparable responses 

were ehclted at ambient temperatures of 4, 22 and 32°C, 
again indicating an increase in the level of regulation Since 
the drug did not reach the thermoregulatory control centers 
m the hypothalamus, it is hkely that morphine altered feed- 
back from peripheral thermosensors 

A behavioral approach has also been useful in evaluating 
thermoregulatory effects of drugs In these tests an ammal ~s 
gwen the opportunity to alter the temperature of ~ts en- 
vironment by changing its posmon wtthln a chamber m 
which there is a thermal gra&ent or by pressing a lever to 
heat or cool its environment A change in the animal's behav- 
ior which faclhtates a drug-induced change in body tempera- 
ture re&cares that the drug altered the level about which 
body temperature is regulated whereas a behavioral change 
that opposes the drug-induced effect indicates some other 
drug effect on thermoregulatlon such as a change in effector 
actlvlty [12, 16, 50, 54] In a study of the hyperthermlc action 
of morphine given IP to unrestrained rats [15], when the 
animals were placed mto an enclosure m which they were 
free to move away from a heat lamp, they waited longer 
before escaping from the heat after administration of mor- 
phine, thereby faclhtatmg the morphine-reduced rise m 
body temperature Thus the use of both types of approach m 
the rat indicate that, as m the cat, the hyperthermlc effect of 
morphine was due to an increase m the level of thermoregu- 
latlon On the other hand, the magmtude of the hypothermlc 
response of rats to morphine ~s dependent on ambient tem- 
perature, being enhanced at lower ambient temperatures and 
lessened or reversed to hyperthermla at hot ambient tem- 
peratures [13, 24, 31, 44, 49] The hypothermla, therefore, is 
not the result of a decrease m the level about winch body 
temperature is regulated but is more hkely due to depression 
of thermoregulatory control 

EFFECTS OF CENTRAL ADMINISTRATION OF ENDOGENOUS 
OPIOID PEPTIDES ON BODY TEMPERATURE 

Injections of meth~omne-enkephahn into lateral cerebral 
ventricles of cats caused small hyperthermlc responses 
which were not diminished by naloxone [14] LeucIne- 
enkephalln caused hypothermla which, likewise, was not an- 
tagonized by naloxone Rapidly developing, brief hyper- 
thermlas were also produced in cats with third cerebral ven- 
tncular administration of methlonlne-enkephahn [6] Unlike 
emetic responses to methlonme-enkephahn which were pre- 
vented by naloxone, these hypertherm~c responses were 
only partially attenuated by giving naloxone mtraventncu- 
larly prior to challenge with the enkephahn Lateral ventrlcu- 
lar injection of low doses of methlonme-enkephahn also 
caused hyperthermla m the unrestrained rat [17], but larger 
doses initially caused hypothermla which was succeeded by 
small hyperthermlc responses These responses to 
methlonlne-enkephalln were less readily antagonized by 
naloxone than were comparable responses to morphine 

Central administration of low doses of fl-endorphm to rats 
caused hyperthermia [26] whde larger doses lowered body 
temperature [1, 26, 27, 64] unless ambient temperature was 
relatively Ingh [27] The hypothermlc effect of fl-endorpinn 
was antagonized by naloxone [1,28] Hyperthermla also oc- 
curred m response to y-endorphln m rats [1] 

This current evidence indicates that endogenous oploJd 
peptldes produce changes in body temperature qualitatively 
similar to those after morphine although the hyperthermlc 
responses to meth~omne-enkephalm were resistant to an- 
tagomsm by naloxone 
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OPIOIDS MAY ALTER BODY TEMPERATURE BY STIMULATION OF 
MORE THAN ONE TYPE OF RECEPTOR 

The existence of more than one type of  opiate receptor 
has been postualted [38,51], and studies m chromc spinal 
dogs [19,40] have led to the proposal of  three distract recep- 
tors [39] Accordmg to this proposal, morphine stimulates/Z 
(for morphine) receptors to produce analgesia and euphoria 
Agonlst-antagomsts, such as nalorphlne and pentazocme are 
compet i t ive  antagomsts  at the /z  receptor  and are agomsts  
at a K (for ketocyclazoclne)  receptor .  Relat ively pure r 
agonlsts,  such as ketocyclazoclne ,  do not exhibit  cross- 
tolerance with morphine and neither preopltate  nor totally 
suppress the morphine withdrawal abstinence syndrome 
Thus they interact weakly, ff at all, with /Z receptors The 
dysphonc effects of the agomst-antagomsts are attributed to 
stimulation of  tr (for SKF-10,047) receptors Finally, higher 
doses of  antagomsts, such as naloxone and naltrexone, are 
required to antagomze at K and tr receptors than at/x recep- 
tors There ~s also evidence for an addttmnal opmte receptor 
[33] which has been designated 8 [32] Third ventncular ad- 
mlmstratlon of pentazoclne to unrestramed cats caused a 
dose-related hyperthermla which began 2-4 hr after mjectmn 
[7] With higher doses, hyperthermm was preceded by a 
dose-related hypothermla Neither of these temperature 
changes was reduced by administration of  up to 1 mg or 5 
mg/kg naloxone given mtraventrlcularly or IV, respectively 
Th~s lack of antagonism by naloxone ~s m marked contrast to 
the hyperthermlc response to morphme which was an- 
tagomzed by doses of naloxone as low as 5/zg and 25/zg/kg 
by the same routes Although the hyperthermogemc action 
of  morphine m the rat has been reported to be resistant to 
antagonism by naloxone [15], most investigators have also 
demonstrated antagomsm of morphine in this species [37, 43, 
46, 52, 62] The resistance of  pentazocme to antagonism by 
naloxone supports ItS class~ficatmn as an agonlst at K and tr 
receptors [19], rather than at/Z receptors Since agomsts at K 
receptors evoke some effects s~mdar to those of/z-receptor  
agomsts, it is hkely that the hyperthermogenic actmn of pen- 
tazoclne results from K receptor stlmulatmn and that perhaps 

the mmal hypothermlc response resulted from tr receptor 
stimulation This conclusion is supported by a study with 
ketocyclazocme, an agomst more specific for r receptors 
[40], which caused hyperthermla but not hypothermm in the 
cat [14] Naloxone dld not reduce the hyperthermlc response 
to ketocyclazocme. 

ARE ENDOGENOUS OPIOID PEPTIDES OF PHYSIOLOGICAL 
SIGNIFICANCE IN MAINTANENCE OF NORMAL BODY TEMPERA- 

TURE OR IN FEVER 9 

It has been concluded [20] that a role of endogenous 
oplold peptides in normal thermoregulatlon is unhkely, in 
hne with the frequent observation that the antagonists 
naloxone and naltrexone alter normal body temperature ht- 
tle, if at all, in several species [11, 15, 17, 18, 20, 21, 40, 46, 
52, 62] Furthermore, pretreatment w~th central admmistra- 
tmn of a large dose of naloxone did not alter febnle re- 
sponses to leukocytlc pyrogen [11] The lack of  effect of 
these antagonists on normal body temperature or on fever 
indicates that actlvatmn o f / z  receptors by an endogenous 
pept~de is of  little or no importance in thermoregulatmn. 
However,  transmission of lnformatmn from s~tes of noxious 
and thermal stimulation follows slmdar neuronal pathways. 
Endogenous oplold peptldes may be intimately revolved in 
altenng transmission m pathways and nuclei mvolved m per- 
ceptlon of pain [60, 61, 66], and It would not be surprising if 
such peptldes were also revolved m transmission of thermal 
reformation Methmnlne-enkephalm is dissimilar to mor- 
phine and more closely resembles pentazocme m the resist- 
ance of its thermoregulatory actmn to blockade by nal- 
oxone. If such a peptlde were reqmred to maintain body 
temperature or for production of fever by stlmulatmn of a 
naloxone-msensltlVe K receptor, then naloxone would be a 
poor antagomst for assessing the physiologic role of this 
pept~de Studies with more effective antagomsts of endoge- 
nous opmtd pept~de-xnduced temperature changes are now 
needed to evaluate possible thermoregulatory functmns of 
these peptldes 
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