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(2) 559–563, 1997.—The effects of neuropeptide FF (NPFF) and its analogues on mouse body tempera-
ture were examined. In a thermoneutral environment, administration of NPFF (Phe-Leu-Phe-Gln-Pro-Gln-Arg-Phe-NH

 

2

 

),
1DMe ([D.Tyr

 

1

 

, (N.Me)Phe

 

3

 

] NPFF), and 3D ([D.Tyr

 

1

 

, D.Leu

 

2

 

, D.Phe

 

3

 

] NPFF) in the third ventricle produced marked hypo-
thermia. The effect of 1DMe was dose-dependent, and 45 nmol decreased body temperature by 5.6

 

8

 

C. This effect was more
pronounced when mice were placed at 4

 

8

 

C. Hypothermia was not reversed by naloxone, an opioid antagonist, and was not
modified by morphine. After 5 days of chronic treatment with 1DMe, mice did not became tolerant to the hypothermic effect.
These results indicate that central NPFF receptors may control body temperature independently from opioid functions. ©
1997 Elsevier Science Inc.
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NEUROPEPTIDE FF (NPFF) was first identified in bovine
brain (31), and several studies have revealed the presence of
NPFF immunoreactivity in mammals and in the human cen-
tral nervous system (CNS) (22). NPFF produces its physiolog-
ical effects by interacting with high-affinity receptors present
in the CNS of several species (2,4,8,9).

The notion that NPFF may act as a neurotransmitter or
neuromodulator has prompted experiments aimed at reveal-
ing the pharmacological and behavioral effects of this peptide.
NPFF was first described as an “anti-opioid” peptide because it
decreases opioid analgesia in rats (25,27,31) and mice (7,8,
13,19). Similarly, NPFF has been associated with opioid toler-
ance and dependence, because injection of NPFF into the rat
third ventricle induced a morphine withdrawal-like behavioral
syndrome (23). In addition, IgG purified from antiserum recog-
nizing NPFF reversed naloxone-induced withdrawal in mor-
phine-dependent rats (24).

However, NPFF also exhibits opioid-like effects, because
after intrathecal injection in rats, NPFF induces analgesia
(16,17). In the same manner, NPFF analogues inhibit intestinal
transit after intracerebroventricular (ICV) injection (12). NPFF
and opioid systems could constitute two physiologically cou-
pled systems, each controlling the activity of the other, because
NPFF does not bind to opioid receptors in the CNS (28).

NPFF immunoreactivity is localized in different CNS sites

involved in temperature regulation, including the spinal cord,
trigeminal nucleus, and medial preoptic area (4,11). The pres-
ence of NPFF and NPFF receptors in these structures suggests
that one of the physiological functions of this peptide could be
to participate in thermoregulation. Thus, we investigated in
mice the putative thermoregulatory effects of NPFF adminis-
tered into the third ventricle.

 

MATERIALS AND METHODS

 

Chemicals

 

Morphine hydrochloride was obtained from Francopia and
naloxone from Sigma. NPFF (Phe-Leu-Phe-Gln-Pro-Gln-
Arg-Phe-NH

 

2

 

), 1DMe ([D.Tyr

 

1

 

, (N.Me)Phe

 

3

 

] NPFF), and 3D
([D.Tyr

 

1

 

, D.Leu

 

2

 

, D.Phe

 

3

 

] NPFF) were synthesized as previ-
ously described (13).

 

Animals

 

Animals were tested according to the recommendations of
the International Association for the Study of Pain (IASP).
Male CDF1 mice (25–35 g) were maintained at 22

 

8

 

C on a nor-
mal dark/light cycle with access to food and water ad lib.
CDF1 mice were obtained by interbreeding DBA2 males and
BALB/C females.
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Intraventricular Injection

 

The procedure for ICV injection was adapted from Haley
and McCormick (18). Briefly, drug was loaded into a 10-

 

m

 

l sy-
ringe. The mouse was hand-held and gently restrained, the
skull was punctured perpendicular to the dorsal surface, and 5 

 

m

 

l
of drug was injected into the third ventricle over a period of
about 5 s. The stereotaxic coordinates for the third ventricle
were 2 mm anterior to the interaural line, on the interhemi-
spheric line, to a depth of 2.5 mm. For the chronic treatment,
45 nmol of 1DMe was injected ICV at 0900 h each day for 5 days.

 

Temperature Measurement

 

The animals were restrained in an aluminum device as de-
scribed by Rosow et al. (29), with their tails loosely taped to
horizontal posts. The animals could not huddle together, but
the restraint did not otherwise affect convective heat ex-
change or thermoregulatory behavior. The ambient tempera-
ture was regulated to 21 

 

6

 

 1

 

8

 

C. The colonic temperature was
measured with a thermistor probe (Ellab Instrument, Copen-
hagen, Denmark) inserted to a depth of 2.5 cm in the rectum.
Body temperature was recorded immediately before injection
and then at 20-min intervals for 180 min. Each animal was
used only once.

 

Statistics

 

For the dose–response curve (1DMe and morphine) and
for chronic treatment, data were subjected to analysis of vari-
ance (ANOVA), and Dunnett’s 

 

t

 

 was used for the post hoc
pairwise comparison between means. For the effect of 1DMe
in a cold environment and for the opioid antagonist effect,
Student’s 

 

t

 

-test was used for comparison between means.

 

RESULTS

 

DMe Dose–Effect Relationship

 

DMe, an analogue of NPFF protected against enzymatic
degradation, produced marked hypothermia after ICV ad-
ministration (Fig. 1).

 

 

 

The decrease in body temperature began
20 min after injection and was maximal at 20 or 40 min, de-
pending on the dose. The colonic temperature of 1DMe-
treated mice returned to the control level between 2 and 3 h
after injection. The 1DMe-induced hypothermia was dose-de-
pendent (Table 1).

 

 

 

Only 2 nmol 1DMe did not significantly
reduce body temperature compared with controls [

 

F

 

(3, 17) 

 

5

 

14.36, 

 

p

 

 

 

,

 

 0.001], whereas the temperature of mice reached
32

 

8

 

C after injection of 45 nmol 1DMe (Fig. 1). Because of this
severe hypothermia, higher doses were not investigated. For
the 120-min period following injection, 45 nmol 1DMe, NPFF,
or 3D produced quantitatively the same hypothermic effect,
expressed as area under the curve (Fig. 2).

 

Effect of 1DMe in a Cold Environment

 

To define the level of regulation modified by the stimula-
tion of NPFF receptors, the effects of centrally administered
1DMe on body temperature were examined in a cold environ-
ment (4

 

8

 

C) (Fig. 3). A dose of 45 nmol 1DMe markedly in-
creased the rate and magnitude of the decline in colonic tem-
perature induced by 2 h of cold exposure. Two hours of cold
exposure decreased body temperature by 5.7

 

8

 

C in naive mice
and by 18.5

 

8

 

C in 1DMe-treated mice. This suggests that
1DMe reduced significantly tolerance to cold in mice.

 

Chronic Effects of 1DMe

 

During chronic treatment, animals received either 1DMe
(45 nmol) or NaCl ICV once per day for 5 days (Fig. 4).

 

 

 

The
hypothermic effect of 1DMe decreased significantly during
chronic treatment: on day 1 (J1), mouse body temperature was

FIG. 1. Time course of the change in body temperature of mice
treated ICV with 2 nmol (h), 10 nmol (r), 20 nmol (s), or 45 nmol
(m) 1DMe. Rectal temperature was recorded 20, 40, 60, 120, and 180
min after drug administration. Each point represents the mean 6
SEM of the change in body temperature of seven animals. *p , 0.05
vs. NaCl-treated group (Dunnett’s t-test).

FIG. 2. Effects of several NPFF analogues on body temperature of
mice treated ICV with NaCl or 45 nmol NPFF, 1DMe, or 3D. The
ordinate represents the area under the curve (AUC) described by
rectal temperature measured after ICV injection over a 3-h period
(the AUC was computed by trapezoidal approximation). Each bar
represents the mean 6 SEM of the change in body temperature of
seven animals. *p , 0.05 vs. NaCl-treated group [Dunnett’s t-test;
F(3, 16) 5 26.29].
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33.8 

 

6

 

 0.28

 

8

 

C (mean 

 

6

 

 SEM) 20 min after injection, whereas
on J5, body temperature was 35.8 

 

6

 

 0.58

 

8

 

C [

 

F

 

(4, 34) 

 

5

 

 2.97,

 

p

 

 

 

,

 

 0.05]. The difference in mean body temperature between
1DMe- and NaCl-treated mice was not significantly different
on J1 and J5. Furthermore on J5, 45 nmol 1DMe injected into
mice previously chronically treated with NaCl decreased body
temperature to the same extent as in 1DMe-treated animals.
This result indicates that mice did not became tolerant to the
hypothermic effects of 1DMe after 5 days of chronic treatment.

 

Opioid–NPFF Interaction

 

Opioid systems produce changes in body temperature [for
review, see (1)], so the effects of third ventricle administration
of morphine were investigated. In mice, after injection into
the third ventricle, morphine (0.16–16 nmol) significantly re-
duced body temperature in a dose-dependent manner [

 

F

 

(3,
12) 

 

5

 

 77.01, 

 

p

 

 

 

,

 

 0.001] (Table 1). The decrease in body tem-
perature began 20 min after injection and reached maximal
levels 40–60 min later. After treatment with 0.16 nmol mor-
phine, mice recovered gradually and reached normal rectal
temperature 3 h after injection; return to normal took longer
at higher doses.

To investigate the possible interaction between opioid and
NPFF systems in the mediation of a hypothermic effect, mice
were treated with opioid agonists and antagonists. As shown
in Table 1, the hypothermic effect of morphine was com-
pletely prevented by intraperitoneal administration of nalox-
one (1 mg/kg), whereas 1DMe-induced effects were not modi-
fied significantly by naloxone.

A low dose of morphine (0.16 nmol) coinjected with an effec-
tive dose of 1DMe (20 nmol) did not increase the hypothermic
effect of the NPFF analogue. Similarly, a low dose of 1DMe
(2 nmol) coinjected with an effective dose of morphine (1.6 nmol)
did not modify the hypothermic effect of morphine (Table 1).

 

DISCUSSION

 

In this study, NPFF and analogues of NPFF injected into
the third ventricle induced marked hypothermia in mice. The

hypothermic effect of 1DMe was dose-dependent, and all
NPFF analogues tested induced quantitatively similar hypoth-
ermia.

Because no NPFF antagonist has been characterized, the
dose–effect relationship is used in this study to define the
specificity of the pharmacological effect. 1DMe is effective at
very low doses (10–20 nmol) corresponding to doses able to
decrease morphine analgesia in rats after ICV injection (10);
these low 1DMe concentrations have also been found to re-
verse analgesia in mice (7,8,13). On a molar basis, NPFF ap-
pears to be as potent as 1DMe or 3D, although these two lat-
ter peptides are resistant to enzymatic degradation (13). How-
ever, the lack of difference in inducing hypothermia is
probably due to the high dose used (45 nmol) and the weak

TABLE 1

 

EFFECTS OF MORPHINE AND 1DMe ON BODY TEMPERATURE

Treatment (nmol) Area under Curve

 

Morphine
0.16 45.3 

 

6

 

 18.1
1.6 471.2 

 

6

 

 90.4
16 1,216.3 

 

6

 

 23.9

1DMe
2 88.8 

 

6

 

 40.4
10 118.6 

 

6

 

 15.7
20 293.2 

 

6

 

 50.6
45 464.2 

 

6

 

 73.5

Pretreatment with naloxone
Morphine 1.6 157 

 

6

 

 69.2***
1DMe 45 530.6 

 

6

 

 73.5

Coinjection
1DMe 2 

 

1

 

 morphine 1.6 565.2 

 

6

 

 23.7
1DMe 20 

 

1

 

 morphine 0.16 352.6 

 

6

 

 43.4

The area under the curve (

 

6

 

SEM) was calculated for the 3-h pe-
riod following ICV injection. For pretreatment, naloxone (1 mg/kg)
was administered intraperitoneally 10 min before ICV injection of
morphine or 1DMe. 

***

 

p

 

 

 

,

 

 0.001 vs. morphine alone at the same dose (Student’s

 

t

 

-test).

FIG. 3. Time course of the change in body temperature in a cold
environment of mice treated ICV with NaCl (h) or 45 nmol 1DMe
(r). Mice were placed at 48C, and rectal temperature was recorded
20, 40, 60, 120, and 180 min after injection. Each point represents the
mean 6 SEM of the change in body temperature of five animals.
*p , 0.05 and **p , 0.001 vs. NaCl-treated group (Student’s t-test).

FIG. 4. Effects of chronic treatment with 1DMe on body temperature.
Animals were treated with NaCl (e) or 45 nmol 1DMe (d), one
injection per day for 5 days. On day 5 (J5), mice treated chronically
with NaCl were injected with 45 nmol 1DMe ( ). Rectal
temperature was recorded 20, 40, and 60 min after injection. Each
point represents the mean 6 SEM of the change in body temperature
of seven animals.
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difference in affinity of these peptides towards NPFF recep-
tors (13,14).

We described here a direct effect of NPFF on the central
nervous system that did not require preliminary stimulation of
opioid receptors. Several pharmacological pro-opioid effects
of NPFF have been described that are dependent upon stimu-
lation of opioid receptors, e.g., NPFF inhibition of intestinal
transit in mice after ICV injection. This latter effect was re-
duced by a low dose of morphine, indicating that NPFF acted
indirectly by modulation of the opioid system (12). In con-
trast, hypothermia induced by NPFF was not modified by
naloxone, an opioid antagonist, or by morphine, an opioid ag-
onist, suggesting that opioids and NPFF induce hypothermia
by different mechanisms. Hypothermia is, therefore, the first
central NPFF effect elucidated that is apparently independent
of the activity of the opioid system.

Central thermoregulatory control involves a set of neuro-
modulators, neurotransmitters, and neural networks (6,15,21).
Homeotherms maintain a constant internal temperature
around the set point by balancing heat production (ther-
mogenic response) and heat loss (thermolysis response). To
change body temperature, a drug alters either the control sys-
tem or one of the effector systems. Ambient temperature
changes have long been known to alter profoundly the ther-
moregulatory responses to many drugs. Drugs that suppress
the thermogenic response to cold reduce body temperature
even more when ambient temperature is low. The decrease
induced by 45 nmol 1DMe is more dramatic at 4

 

8

 

C that at
21

 

8

 

C. Thus, NPFF seems to be involved in thermogenic re-
sponse and not in set point modification. To confirm this hy-
pothesis, it would be interesting to use a thermocline to study
alteration of behavioral thermoregulation. A modification of
blood flux could induce heat gain or heat loss. Intravenous ad-
ministration of NPFF has been reported to produce a dose-
dependent increase in blood pressure and heart rate (3). Thus,

these cardiovascular modifications could represent a part of
heat loss mechanisms.

In the range of doses tested, 1DMe reduces opioid-induced
analgesia in adult mice after ICV injection, but it seems un-
likely that the hypothermic effect induced by 1DMe is related
to its anti-opioid effect on analgesia. Indeed, opioid-induced
hypothermia is not modified by 1DMe, and several studies
have shown that antinociceptive tail-flick responses induced
by different drugs are produced independently from changes
in either tail-skin or body temperature (20,26). Thus, modula-
tion of opioid analgesia by NPFF is probably independent of
NPFF-induced hypothermia.

After ICV injection, NPFF analogs induced hypothermia
(this study) and inhibited morphine antinociception in mice
(8,13) and in rats (10,25). In contrast, at the spinal level, low
doses (0.086–6.4 nmol) of NPFF are sufficient to produce an
analgesic effect (16,17). Such differences in doses could be re-
lated to injection route (intracerebral vs. spinal), animal spe-
cies, or pharmacological effect.

Different authors have suggested that the opioidergic and
NPFFergic systems might be in homeostasic equilibrium in
the central nervous system and that disruption of this equilib-
rium could be responsible for the states of tolerance and de-
pendence of opioids (30). According to this model, the surex-
pression of the NPFF system could be partly responsible for
the withdrawal syndrome. The abstinence syndrome in rats
and mice is associated with hypothermia and thermoregula-
tory behavior such as teeth chattering, piloerection, and wet
dog shakes (5). These behaviors could correspond to stimula-
tion of NPFF receptors.

This study demonstrates that NPFF analogues induce hy-
pothermia unrelated to an interaction of NPFF with the opi-
oid system. The exact mechanisms by which NPFF induces
this reduction in body temperature remain to be established.
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