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Glycyl-L-Glutamine Antagonizes
a-MSH-Elicited Thermogenesis
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RESCH. G. E. AND W. R. MILLINGTON. Glycyl-L-glutamine antagonizes a-MSH-elicited thermogenesis. PEPTIDES 14(5)
971-975, 1993.—The objective of this study was to determine whether glycyl-L-glutamine [8-endorphin(30-31)] modulates the
thermoregulatory actions of «-MSH. Microinjection of a-MSH (0.06 nmol) into PGE,-responsive thermogenic sites in the medial
preoptic area of rats generated a hyperthermic response, inducing a 0.85 + 0.19°C rise in colonic temperature (T,) within 45
min. Coadministration of glycyl-L-glutamine (3.0 nmol) completely blocked the response, maintaining T, at baseline levels. This
was not attributable to glycyl-L-glutamine hydrolysis because coadministration of glycine and glutamine had no effect on «-MSH-
induced thermogenesis. Glycyl-L-glutamine, injected alone, was similarly without effect. These data indicate that glycyl-L-glutamine
inhibits a-MSH-induced thermogenesis but is devoid of thermoregulatory activity itself.
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a-MELANOCYTE-STIMULATING hormone (a-MSH) is
thought to play an important role in the homeostatic regulation
of body temperature. Previous studies have shown that, in the
rat, «-MSH generates hyperthermia when injected directly into
the preoptic area and adjacent sites in the anterior hypothalamus
(POA/AH) (27,29), a prominent thermoregulatory region. Dis-
persed throughout the POA/AH are neurons that respond to
changes in ambient temperature, transynaptically generating
compensatory autonomic and behavioral responses that main-
tain body temperature within normal limits (4,28). Thermogenic
sites in the rat POA/AH, identified according to their respon-
siveness to prostaglandin E, (PGE,) injection, are highly sensitive
to «-MSH, and doses as low as 1 pmol induce a significant rise
in colonic temperature (7,) (29). Injection of a-MSH into PGE»-
responsive POA/AH sites in rats placed in a cold environment
also facilitates behavioral performance in a cued discrimination
task reinforced by a thermal reward, suggesting that «-MSH
activates integrative autonomic and behavioral thermoregulatory
mechanisms (29).

In contrast, ®-MSH lowers body temperature in rabbits when
injected either intraventricularly (ICV) (15,18) or directly into
the POA/AH (10). a-Melanocyte-stimulating hormone also acts
as a highly potent antipyretic agent in rabbits, effectively reducing
fever produced by endotoxin, cytokines, and other pyrogenic
agents at doses considerably lower than required to elicit hy-
pothermia when given alone (12,16,18,23). It inhibits fever in-
duction in rats (6,35), as well, although its antipyretic effect in
rats has not been as extensively investigated. As a result, com-

parably less is known about the thermoregulatory effects of a-
MSH in rats, the species in which most research on «-MSH and
related peptides has been conducted.

The POA/AH contains relatively high levels of endogenous
a-MSH and is densely innervated by neurons in the medial basal
hypothalamus that synthesize proopiomelanocortin (POMC),
the precursor to «-MSH as well as 8-endorphin and related neu-
ropeptides (24). The thermoregulatory actions of POMC-derived
peptides other than «-MSH have been little studied, however.
B-Endorphin(1-31) generates hyperthermia when injected into
the POA/AH, albeit at higher doses than «-MSH (20,34). But
like POMC, gB-endorphin(1-31) also serves as a precursor to
other structurally related peptides. 8-Endorphin(1-31) can un-
dergo both C-terminal proteolysis and N-terminal acetylation
posttranslationally, generating g-endorphin(1-27), B-endor-
phin(1-26), and the N-acetylated derivatives of all three peptides
(36). B-Endorphin(1-31) is the predominant form synthesized
in the POA/AH and hypothalamus, although substantial
amounts of 3-endorphin(1-27) and $-endorphin(1-26) are also
present, together comprising approximately 40% of total 3-en-
dorphin immunoreactivity; N-acetylated 8-endorphin derivatives
are relatively minor end products of hypothalamic 8-endorphin
processing, however (3,9,22,36).

The endoproteolytic conversion of 8-endorphin(1-31) to 3-
endorphin(1-27) also generates a dipeptide, glycyl-L-glutamine
[B-endorphin(30-31)] (25). Glycyl-L-glutamine has been isolated
from brain and the pituitary gland where, as one might predict,
it is present in amounts corresponding to the aggregate concen-
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tration of S-endorphin(1-27) and 8-endorphin(1-26) (25). Un-
like other POMC-derived peptides, however, the physiological
actions of glycyl-L-glutamine have not been extensively inves-
tigated, and its role in thermoregulation is entirely unknown.
Nevertheless, previous studies have demonstrated that glycyl-
L-glutamine is a biologically active peptide. Parish et al. reported,
for example, that glycyl-L-glutamine reduces the firing frequen-
cies of brain stem neurons when applied iontophoretically (25),
and additional investigations have shown that glycyl-L-glutamine
produces neurochemical, immunological, and trophic effects in
both brain and peripheral tissues (1.13,17,19.21). In several of
these reports, the response produced by glycyl-L-glutamine either
opposed or directly modulated that of other coreleased POMC
peptides. Hirsch and O’Donohue found, for example, that glycyl-
L-glutamine inhibits the characteristic behavioral effects of cen-
tral a-MSH administration, grooming and the stretching and
yawning syndrome, without inducing any behavioral response
when injected alone (14). In light of these findings, we evaluated
whether glycyl-L-glutamine also modulates the hyperthermic re-
sponse produced by a-MSH injection into the medial preoptic
area (mPOA). We found that indeed it does; glycyl-L-glutamine
completely abolished a-MSH-induced thermogenesis when the
two peptides were coadministered into previously identified
PGE,-responsive thermogenic sites in the mPOA, but exhibited
no independent thermoregulatory activity when injected alone.

METHOD

Male Sprague-Dawley rats (200-250 g; Sasco, Inc., Omabha,
NE) were housed under a 12:12-h light:dark cycle with free access
to food and water. Each animal was anesthetized with ketamine
(90 mg/kg) and acepromazine maleate (10 mg/kg). and a 24-ga
guide cannula was stereotaxically implanted in the mPOA with
the tip positioned 0.5 mm lateral to the midsuture line at bregma
and 7 mm below the skull surface (26), as described previously
(28,29). The PGE,-responsive thermogenic sites were identified
by injecting PGE, (3 nmol/1 ul: Sigma Chemical Co., St. Louis,
MO) through a 29-ga injection cannula lowered through the
guide cannula in 0.2 mm step-wise increments until a > 0.5°C
increase in T, was detected. The PGE,-sensitive injection sites
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FIG. 1. Localization of sites in the mPOA differentially responsive to
PGE,- and a-MSH-¢licited thermogenesis. The illustration shows a rep-
resentative experiment in which four injections were placed at 0.2 mm
intervals in a dorsoventral track 0.5 mm lateral to the midline. These
sites generated either no response to PGE; (3 nmol) injection (open
circles); a = 0.5°C increase in T, following PGE,, but no response to «-
MSH (0.06 nmol) injection (filled circle); or a = 0.5°C T, increase fol-
lowing PGE, and o-MSH, injected separately (filled square). AC, anterior
commissure; 3V, third ventricle; CO, optic chiasm.
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FIG. 2. Glycyl-L-glutamine antagonizes the hyperthermic response to
mPOA «-MSH injection. «-MSH (0.06 nmol) was injected either alone
(open circles) or together with glycyl-L-glutamine (3 nmol; filled circles)
into previously identified PGE,-sensitive thermogenic sites in the mPOA
and 7, was measured at |5-min intervals thereafter. Data are presented
as mean + SEM: n = 6 animals in each group. **p < 0.01 and ***p <
0.001 differs from «-MSH treatment alone at the same time interval.

were then screened for a similar response to «-MSH; stereotaxic
coordinates for sites responsive to both PGE, and «-MSH were
used in subsequent experiments. As shown in Fig. 1, only a
subset of PGE,-sensitive sites generated a hyperthermic response
to subsequent a-MSH injection. Histological examination fol-
lowing Evans blue dye injection revealed that injection sites re-
sponsive to both PGE, and «~-MSH were most often localized
in the dorsomedial mPOA but were also found more ventrally,
although at a lower frequency (unpublished data).

a-Melanocyte-stimulating hormone (0.06 nmol; Peninsula
Laboratories, Belmont, CA), glycyl-L-glutamine (3.0 nmol;
Bachem California, Torrance, CA), or glycine plus glutamine
(3.0 nmol each amino acid; Sigma Chemical Co.) were dissolved
in 1 ul sterile, nonpyrogenic 0.85% NaCl and injected into the
mPOA over a 30-s time interval. The experiments were con-
ducted in awake, unrestrained animals previously conditioned
to handling. Colonic temperature was recorded at I5-min in-
tervals for 30 min before and 45 min after peptide administration
using a thermistor probe attached to a telethermometer (Yellow
Springs Instrument Co., Yellow Springs, OH). Statistical differ-
ences among treatment groups were analyzed by analysis of
variance (ANOQVA) followed by Duncan’s multiple range test
or Student’s ¢-test.

RESULTS

Glycyl-L-glutamine inhibited the thermogenic effect of a-
MSH when the two peptides were coinjected into previously
identified PGE,- and o-MSH-responsive thermoregulatory in-
jection sites in the rat mPOA (Fig. 2). Consistent with previous
dose-response studies (27,29), -MSH (0.06 nmol) microinjec-
tion into the mPOA elicited a hyperthermic response, elevating
T.0.85 + 0.19°C (mean + SEM; n = 6) within 45 min. Coin-
jection of glycyl-L-glutamine (3.0 nmol) completely abolished
the response to a-MSH, maintaining 7, at baseline levels
throughout the 45-min duration of the experiment. Glycyl-1-
glutamine, injected alone, produced no significant change in 7,
(Table 1). These data suggest that glycyl-L-glutamine inhibits «-
MSH-induced thermogenesis but is devoid of thermoregulatory
activity itself.
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TABLE 1

GLYCYL-L.-GLUTAMINE BLOCKS THE
HYPERTHERMIC RESPONSE TO «-MSH BUT
DOES NOT AFFECT COLONIC TEMPERATURE
WHEN INJECTED ALONE

Treatment Change in T, (°C)
Saline (6) +0.15 £ 0.06
Gly-L-Gin (4) -0.10 £ 0.09
a-MSH (6) +0.64 £ 0.17*
«-MSH + Gly-1-Gln (6) 0.00 + 0.02
«-MSH + Gly + GIn (2} +0.55 £ 0.05F

T. was recorded 30 min after rats received either
saline, glycyl-L-glutamine (3 nmol), «-MSH (0.06
nmol), or a-MSH combined with either glycyl-L-
glutamine (Gly-L-Gln) or equimolar amounts of
glycine (Gly) plus glutamine (Gln). The peptides
or amino acids were injected in a volume of 1 ul
into previously identified PGE;- and a-MSH-sen-
sitive thermogenic sites in the mPOA. (Values rep-
resent the mean = SEM change in 7_.)

* Differs from saline p < 0.01.

+ Differs from a-MSH + Gly-L-GIn p < 0.05.

The experimental design used in these experiments required
a-MSH to be injected twice into the same mPOA site; an initial
injection of a-MSH alone followed by a second injection con-
taining «-MSH combined with glycyl-L-glutamine. This raises
the possibility that the observed inhibitory response may have
resulted from tolerance to repeated «-MSH administration,
rather than from glycyl-L-glutamine. To test this, we repeated
the initial experiment but this time omitted glycyl-L-glutamine,
delivering two «-MSH (0.06 nmol) injections into the same
mPOA sites 4 h apart. Serial «-MSH injections elicited com-
parable thermogenic responses; 15 min after the first and second
a-MSH injections, T, was elevated by 0.50 + 0.10°C and 0.55
+0.15°C, respectively, and after 30 min, by 0.70 + 0.30°C and
0.95 + 0.45°C. Hence, the response to a second «-MSH injection
was clearly not attenuated, compared to experimentally naive
animals.

A second alternative explanation is the possibility that glycyl-
L-glutamine’s inhibitory activity is attributable to one of its con-
stituent amino acids, glycine or glutamine, rather than the di-
peptide itself. To test this, we coadministered equimolar amounts
of glycine and glutamine (3 nmol) with a-MSH into PGE,- and
a-MSH-responsive mPOA injection sites. Amino acid injection
produced no effect whatsoever on the response to «-MSH; a-
MSH-induced hyperthermia followed the same time course and
amplitude as observed following «-MSH alone (Table 1). Thus,
glycyl-L-glutamine metabolism does not explain its inhibitory
activity.

We next examined the duration of glycyl-L-glutamine’s in-
hibitory activity by injecting a-MSH into the same mPOA site
3 h, 24 h, or 48 h following glycyl-L-glutamine administration.
Unexpectedly, we found that the inhibitory effect of glycyl-L-
glutamine was quite long in duration. The mPOA «-MSH in-
jection 3 h following glycyl-L-glutamine failed to induce a sig-
nificant rise in T, (Table 2). The a-MSH-induced thermogenesis
showed a tendency to recover after 24 h, due primarily to an
enhanced response in a single animal, but only after 48 h was
the characteristic hyperthermic response observed. Similarly, «-
MSH did not alter 7, 3 h following combined a-MSH and glycyl-
L-glutamine injection, although the response fully recovered 48
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h thereafter (data not shown). These data indicate that glycyl-
L-glutamine produces a long-lasting inhibition of a-MSH-elicited
thermogenesis, although the mechanism responsible for the
temporal delay in response recovery is not readily apparent.

DISCUSSION

a-Melanocyte-stimulating hormone induces a significant hy-
perthermic response when injected at doses of | pmol or more
into thermogenic sites in the rat mPOA (27.29). Here we report
that a-MSH-elicited thermogenesis is inhibited by coadminis-
tration of glycyl-L-glutamine, the C-terminal dipeptide of 3-en-
dorphin(1-31), which is cosynthesized with «-MSH in the hy-
pothalamus and other brain regions (25). This finding was not
attributable to the repeated administration of a-MSH, consistent
with prior evidence that multiple ICV «-MSH injections do not
induce tolerance to the peptide’s antipyretic effects (7). Coad-
ministration of glycine and glutamine was also ineffective, in-
dicating that glycyl-L-glutamine’s inhibitory activity did not result
from metabolism to its constituent amino acids. Together, these
findings support the conclusion that glycyl-L-glutamine specif-
ically inhibits a-MSH-induced thermogenesis.

Prostaglandin E, is thought to be an essential mediator of
pyrogen-induced fever as well as other thermogenic compen-
sations to environmental and pathologic challenges (16,30).
Prostaglandin E, may also be involved in the homeostatic reg-
ulation of normal body temperature based on electrophysiolog-
ical data showing that a subset of POA/AH heat- and cold-sen-
sitive neurons responds to PGE; application (5). Prostaglandin
E,-elicited hyperthermia is thus a useful criterion for identifying
thermogenic injection sites in the POA/AH. The present finding
that PGE,-sensitive sites do not invariably respond to «-MSH
suggests that these POA/AH subregions are not uniformly in-
nervated by POMC neurons. These data extend prior evidence
that PGE,-sensitive sites respond differentially to acetylcholine
and other neurotransmitters, and further substantiate the con-
clusion that PGE,-responsive neurons are heterogencous with
respect to their synaptic innervation (28,31-33).

The thermoregulatory actions of a-MSH have recently been
the focus of considerable interest based on cvidence that the

TABLE 2

THE RECOVERY OF a-MSH-
ELICITED THERMOGENESIS
FOLLOWING GLYCYL-L-
GLUTAMINE INJECTION

Treatment Change in 7. (°C)
Gly-L-Gln —0.10 £ 0.09
«-MSH 3 h —0.02 £ 0.15
a-MSH 24 h +0.15 £ 0.09
a-MSH 48 h +1.20 + 0.28*

Glycyl-L-glutamine (Gly-L-Gln; 3.0
nmol) was injected into PGE,-sensitive
mPOA thermogenic sites of four animals,
and 3 h, 24 h, and 48 h thereafter, «-MSH
(0.06 nmol) was injected according to the
same stereotaxic coordinates. 7, was re-
corded 30 min after peptide administration.
(Data are presented as mean = SEM change
in T..)

* Differs from glycyl-L-glutamine treat-
ment: p < 0.01.



974

peptide produces antipyresis in rabbits (12,16,18). a-Melanocyte-
stimulating hormone effectively reduces fever induced in rabbits
by a variety of agents, including endotoxin, interleukin-1 (IL-
1), IL-6, and tumor necrosis factor, when administered either
ICV or intravenously at doses that are inactive when given alone;
indeed, a-MSH is reported to be 25,000 times more potent than
acetaminophen when centrally injected (23). These intriguing
findings raise the possibility that a-MSH generates its antipyretic
effects by acting upon thermoregulatory neurons within the
POA/AH. Feng et al. tested this hypothesis but found that «-
MSH is relatively ineffective at reducing fever when injected
directly into the rabbit POA/AH; the minimally effective POA/
AH dose was substantially higher than the requisite ICV anti-
pyretic dose (10). Quite low a-MSH doses effectively antagonize
fever in rabbits when injected into the septal area. however, sug-
gesting that the septum, rather than the POA/AH, may be its
site of antipyretic action (11). Evidence that fever enhances septal
a-MSH release further supports this concluston (2). Whether a
comparable site specificity occurs in rats remains to be deter-
mined. o-Melanocyte-stimulating hormone reportedly reduces
fever in rats (6,35). although the specific brain region that me-
diates its antipyretic action has not been investigated (6.35).

Glycyl-L-glutamine is synthesized when g-endorphin(1-31)
undergoes posttranslational endoproteolytic conversion to 8-
endorphin(1-27). A detailed analysis of glycyl-L-glutamine’s
distribution in brain has not been reported, although relative
amounts of the dipeptide can be inferred from regional analysis
of B-endorphin(1-27) and B-endorphin(1-26) concentrations
(25). In the hypothalamus (9,22.36) and POA/AH (3), these (-
terminally shortened 3-endorphin peptides constitute approxi-
mately 40% of total g-endorphin immunoreactivity, suggesting
that glycyl-L-glutamine is also produced in substantial amounts.
Glycyl-L-glutamine appears to be a more abundant product of
B-endorphin(1-31) processing in the intermediate pituitary lobe
(36) and certain brain regions (8,36), however, where g-endor-
phin(1-31) is more extensively processed. But despite its ap-
parent quantitative importance, relatively little is known about
glycyl-L-glutamine’s physiological role in brain.

Behavioral and physiological studies support the concept that
glycyl-L-glutamine is a biologically active peptide that acts as
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both a neuromodulator in brain and a circulating hormone in
the periphery. Behavioral studies have shown that glycyl-L-glu-
tamine inhibits the grooming and stretching and yawning syn-
dromes induced by a-MSH without generating any response
when administered alone (14). Glycyl-L-glutamine also inhibits
B-endorphin(1-31)-induced grooming, but not catatonia, im-
plyving that the dipeptide does not act simply as an «-MSH re-
ceptor antagonist ([14). Together with the present data, these
results suggest that glycyl-L-glutamine modulates the effects of
other coreleased POMC-derived peptides but exhibits no inde-
pendent activity when given alone.

Other investigations have disclosed exceptions to this gen-
eralization, however, showing that glycyl-L-glutamine can also
act independently, producing a variety of central and peripheral
actions. Electrophysiologic studies revealed, for example, that
glycyl-L-glutamine inhibits the firing frequencies of brain stem
neurons when applied iontophoretically; this inhibitory activity
was not mediated by glycine or mu opioid receptors because
pretreatment with either strychnine or naloxone failed to block
the response (25). Glycyl-L-glutamine produces effects in pe-
ripheral tissues, as well, potentiating mitogen-induced lympho-
cyte proliferation (21) and modulating the expression of acetyl-
cholinesterase molecular forms in superior cervical ganglia (17),
cultured skeletal muscle cells (19), and cardiac myocytes (1).
Hence, the present finding that glycyl-L-glutamine inhibits «-
MSH-elicited thermogenesis is consistent with accumulating ev-
idence that glycyl-L-glutamine produces both independent and
modulatory actions in brain and peripheral tissues.

ACKNOWLEDGEMENTS

This work was supported by grants from U.S. Army Medical Research
and Development Command (DAMD17-90-Z-0022) and the University
of Missouri-Kansas City (FRG 11014). The animal research protocol
adhered to the Guide for the Care and Use of Laboratory Animals pre-
pared by the Committee on Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources, National Research Council
(NIH publication 86-23. revised 1985). Portions of this manuscript were
presented at the 14th Annual Winter Neuropeptide Conference, Breck-
enridge, CO, February, 1993.

REFERENCES

1. Battie, C. N.; Hagler, K.; Millington, W. R. Glycyl-L-glutamine reg-
ulates the expression of asymmetric acetylcholinesterase molecular
forms in cultured cardiac postnatal myocytes. J. Mol. Cell. Cardiol.
(in press).

2. Bell, R. C; Lipton, J. M. Pulsatile release of antipyretic neuropeptide
«-MSH from septum of rabbit during fever. Am. J. Physiol. 252:
R1152-R1157; 1987.

3. Berglund. L. A.; Millington, W. R.; Simpkins, J. W. Gonadal steroid
and chronic morphine treatment do not change the posttranslational
processing of B-endorphin in the rat brain. Life Sci. 44:591-601:;
1989.

4. Boulant, J. A.; Dean, J. B. Temperature receptors in the central
nervous system. Annu. Rev. Physiol. 48:639-654; 1986.

5. Boulant, J. A.; Scott, I. M. Comparison of prostaglandin E, and
leukocytic pyrogen on hypothalamic neurons in tissue slices. In:
Cooper, K.; Lomax, P.; Schonbaum, E.; Veale, W. L., eds. Ther-
moregulation, homeostasis and thermal stress. Basel: Karger; 1986:
78-80.

6. Bull, D. F.; King, M. G.; Pfister, H. P.; Singer, G. a-melanocyte-
stimulating hormone conditioned suppression of a lipopolysaccha-
ride-induced fever. Peptides 11:1027-1031; 1990.

7. Deeter, L. B.; Martin, L. W.; Lipton, J. M. Repeated central
administration of «-MSH does not alter the antipyretic effect

of «-MSH in young and aged rabbits. Peptides 10:697-699;
1989.

8. Dores, R. M.: Jain, M.: Akil, H. Characterization of the forms of g-
endorphin and a-MSH in the caudal medulla of the rat and guinea
pig. Brain Res. 377:251-260: 1986.

9. Emeson, R. B.; Eipper, B. A. Characterization of pro-ACTH/en-
dorphin-derived peptides in rat hypothalamus. J. Neurosci. 6:837-
849; 1986.

10. Feng, J. D.; Dao, T.; Lipton, J. M. Effects of preoptic microinjections
of a-MSH on fever and normal temperature control in rabbits. Brain
Res. Bull. 18:473-477; 1987.

11. Glyn-Ballinger. J. R.; Bernardini, G. L.; Lipton, J. M. «-MSH in-
jected into the septal region reduces fever in rabbits. Peptides 4:199-
203; 1983.

12. Goelst, K.; Mitchell, D.; Laburn, H. Effects of a-melanocyte stim-
ulating hormone on fever caused by endotoxin in rabbits. J. Physiol.
441:469-476; 1991.

13. Haynes, L. 8-Endorphin C-terminal peptide evokes arachidonic acid
release from cortical neurones. Eur. J. Pharmacol. 192:397-401;
1991.

14. Hirsch, M. D.; O’Donohue, T. L. Structural modifications of pro-
opiomelanocortin-derived peptides alter their behavioral effects
markedly. J. Pharmacol. Exp. Ther. 237:378-385; 1986.



Gly-Gln ANTAGONIZES o-MSH THERMOGENESIS

15.

20.

21.

22.

23.

25.

Holdeman, M.; Lipton, J. M. Effects of massive doses of a-MSH
on thermoregulation in the rabbit. Brain Res. Bull. 14:327-330;
1985.

. Kluger, M. J. Fever: Role of pyrogens and cryogens. Physiol. Rev.

71:93-127; 1991.

. Koelle, G. B.; Massoulié, J.; Eugéne, D.; Melone, M. A. B. Effects

of glycyl-L-glutamine in vitro on the molecular forms of acetylcho-
linesterase in the preganglionically denervated superior cervical gan-
glion of the cat. Proc. Natl. Acad. Sci. USA 85:1686-1690; 1988.

. Lipton, J. M. Modulation of host defense by the neuropeptide «-

MSH. Yale J. Biol. Med. 63:173-182; 1990.

. Lotwick, H. S.: Haynes, L. W_; Ham, J. Glycyl-L-glutamine stimulates

the accumulation of A, acetylcholinesterase but not of nicotinic
acetylcholine receptors in quail embryonic myotubes by a cyclic
AMP-independent mechanism. J. Neurochem. 54:1122-1129: 1990.
Martin, G. E.; Bacino, C. B. Action of intracerebrally injected 8-
endorphin on the rat’s core temperature. Eur. J. Pharmacol. 59:
227-236; 1979.

McCain, H. W.: Lamster, 1. B.; Bilotta, J. Modulation of human T-
cell suppressor activity by beta endorphin and glycyl-L-glutamine.
Int. J. Immunopharmacol. 8:443-446; 1986.

Millington, W. R.; Smith, D. L. The post-translational processing
of g-endorphin in human hypothalamus. J. Neurochem. 57:775-
781:1991.

Murphy, M. T.; Richards, D. B.: Lipton, J. M. Antipyretic potency
of centrally administered a-melanocyte stimulating hormone. Sci-
ence 221:192-193; 1983.

. O’Donohue, T. L.; Miller, R. L.; Jacobowitz, D. M. Identification.

characterization and stereotaxic mapping of intraneuronal a-me-
lanocyte stimulating hormone-like immunoreactive peptides in dis-
crete regions of the rat brain. Brain Res. 176:101-123; 1979.
Parish, D. C.: Smyth, D. G.; Normanton, J. R.; Wolstencroft, J. H.
Glycyl glutamine, an inhibitory neuropeptide derived from S-en-
dorphin. Nature 306:267-270: 1983.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

975

Paxinos, G.; Watson, C. The rat brain in stereotaxic coordinates.
New York: Academic Press; 1986.

Raible, L. H.; Knickerbocker, D. a-Melanocyte-stimulating hormone
(MSH) and [Nle*,b-Phe’]-a-MSH: Effects on core temperature in
rats. Pharmacol. Biochem. Behav. 44:533-538; 1993.

Resch, G. E.; Simpson, C. W. A microsite model for heat gain reg-
ulation in the hamster hypothalamus: Electrophysiological charac-
teristics. In: Lomax, P.; Schonbaum, E., eds. Thermoregulation: Re-
search and clinical applications. Basel: Karger; 1989:208-214.
Resch, G. E.: Simpson, C. W. Effects of central alpha-MSH injections
on performance in a cued discrimination task. Peptides 12:929-936:
1991.

Rothwell, N. J. Eicosanoids, thermogenesis and thermoregulation.
Prostaglandins Leukot. Essent. Fatty Acids 46:1-7; 1992.
Simpson, C. W.; Resch, G. E. Organization of central hyperthermic
mechanisms in helium-cold hypothermic hamsters. Brain Res. Bull.
17:117-121; 1986.

Simpson, C. W.; Resch, G. E. Site specificity in MAHPOA heat gain
pathways of ketamine anesthetized rats. Soc. Neurosci. Abstr. 14:
375; 1988.

Simpson, C. W.: Resch, G. E. A functionally important microsite
for temperature regulation in the hamster hypothalamus: Pharma-
cological characterization. In: Lomax, P.; Schonbaum, E., eds.
Thermoregulation: Research and clinical applications. Basel: Karger;
1989:215-222.

Thornhill, J. A.; Wilfong, A. Lateral cerebral ventricle and preoptic—
anterior hypothalamic area infusion and perfusion of 8-endorphin
and ACTH to unrestrained rats: Core and surface temperature re-
sponses. Can. J. Physiol. Pharmacol. 60:1267-1274; 1982.

Villar, M.; Perassi. N.; Celis, M. E. Central and peripheral actions
of a-MSH in the thermoregulation of rats. Peptides 12:1441-1443;
1991.

Zakarian, S.; Smyth. D. G. Distribution of 8-endorphin-related pep-
tides in rat pituitary and brain. Biochem. J. 202:561-571; 1982.



