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as combined with either fenfluramine or its active enantiomer dexfenfluramine
to promote weight loss. Appetite suppressants are known to alter pain reactivity. The current experiment
examined the acute impact of phentermine (0, 2.5, 5, 10, or 20 mg/kg) on paw-lick/jump latencies recorded
just before and at 10, 20, and 30 min after phentermine injection. In addition, separate groups of rats were
treated with 1, 2, or 4 mg/kg dexfenfluramine or with selected combinations of phentermine with
dexfenfluramine. Phentermine induced significant analgesia in rats at a dose of 2.5 mg/kg, whereas only the
4.0 mg/kg dose of dexfenfluramine induced significant analgesia. Combinations of 1 mg/kg dexfenfluramine
or 2 mg/kg dexfenfluramine with phentermine were mostly additive in terms of changes in analgesia scores.
The present results characterize the analgesic action of phentermine, further confirm the analgesic action of
dexfenfluramine and suggest an additive analgesic effect for the combination of dexfenfluramine with
phentermine.

© 2008 Elsevier Inc. All rights reserved.
Amphetamine and related drugs induce a degree of analgesia in

animals and humans (Franklin, 1998). Systemic administration of
amphetamine induces analgesia in mice and rats (Goetzl et al., 1943;
Drago et al., 1984; Connor et al., 2000), as does administration of
related drugs including cathinone (Nencini and Ahmed,1982), cocaine
(Frussa-Filho et al., 1996), and phentermine (Ghelardini et al., 2003).
Amphetamine diminishes dental pain in humans (Burrill et al., 1944).
These drugs are considered to act through dopaminergic synapses to
induce analgesia (Franklin, 1998). Moreover, the amphetamine-like
sympathomimetics have the capacity to augment the analgesic pro-
perties of opiates an\d opioid-related drugs (Dalal andMelzack, 1998).

Fenfluramine and its active racemate dexfenfluramine are struc-
tural analogues of amphetamine that act predominantly through brain
serotonergic synapses. The fenfluramines are known to induce anal-
gesia and to potentiate opioid-induced analgesia (Reuter, 1975; Dalal
and Melzack, 1998; Wang et al., 1999). In the 1990s, phentermine was
combined with either fenfluramine or dexfenfluramine to promote
weight loss (Weintraub et al., 1984, Weintraub, 1992). Subsequent
studies indicated that the combination of phentermine with a
fenfluramine exerts a greater than additive effect on food intake and
body weight (Roth and Rowland, 1998, 1999; Wellman and Maher,
1999; Wellman et al., 2003a). Although a single acute icv infusion of
phentermine at 3 µg was reported to induce analgesia in mice (Ghe-
lardini et al., 2003), the analgesic effects of acute or chronic systemic
administration of phentermine have not been characterized, nor is it
known whether combinations of phentermine and dexfenfluramine
would induce additive or synergistic effects on pain reactivity in rats.
l rights reserved.
In this experiment, adult male rats were acutely treated with
phentermine (0, 2.5, 5.0, 10.0, or 20.0 mg/kg) or with dexfenfluramine
(0,1, 2, or 4mg/kg, i.p.) and then tested repeatedly in the hot-plate test
(Bardo et al.,1981; Harveyet al.,1975; Ogawa et al., 2007) at −10,10, 20,
and 30 min after drug treatment. In a sub-experiment that examined
the additivity of these treatments, adult male rats were injected with
combinations of dexfenfluramine (1.0 or 2.0 mg/kg) and phentermine
(2.5 or 5.0 mg/kg).

1. Methods

1.1. Animals

The animals were 74 male Sprague–Dawley viral-free albino rats
(obtained from Harlan Industries; Houston, TX) weighing approxi-
mately 250–300 g at the beginning of the study. The rats were housed
individually in standard plastic rodent cages in a colony room main-
tained at 21.0±1 °C under a 12 h/12 h illumination schedule (lights on
at 0800 h). The experimental procedures and treatments of this
research were approved by the Texas A&M University Laboratory
Animal Care Committee.

1.2. Drugs

A vehicle solution was prepared using 0.9% sodium chloride dis-
solved into sterile distilled water. The dexfenfluramine solutions (1, 2
or 4 mg/ml) were prepared by dissolving dexfenfluramine hydrochlo-
ride (Sigma Co., St. Louis, MO) into vehicle. Solutions of phentermine
(2.5, 5, 10, or 20 mg/ml) were prepared by dissolving phentermine
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Fig. 1. Mean group paw-lick/jump latencies recorded in a hot-plate test prior to and at
10, 20, and 30min after i.p. administration of 0, 2.5, 5.0, 10.0 or 20.0 mg/kg phentermine
(panel A) or 0, 1, 2 or 4 mg/kg dexfenfluramine (panel B). The vertical lines above each
symbol represent the standard error of the mean.
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hydrochloride (Sigma Co.) into vehicle. Four combination solutions
contained 1 mg/ml dexfenfluramine and either 2.5 or 5.0 mg/ml
phentermine or 2 mg/ml dexfenfluramine and either 2.5 or 5.0 mg/ml
phentermine. Drug doses were calculated as the salt and all injections
were given at a volume of 1 ml/kg (i.p.).

1.3. Apparatus

Assessment of pain perceptionwas conducted using a slidewarmer
(Clinical Scientific Equipment Company, Melrose Park, IL, Model
Number 26020). A transparent Plexiglas enclosure (20×19×32 cm),
open at the top and bottom, was positioned on the slide warmer. A
digital thermometer (Radio Shack, Ft. Worth, TX) attached to the sur-
face of the hot plate, just outside the enclosure, allowed for continuous
measurement of plate surface temperature. Plate temperature was
maintained at 50 °C±0.5 °C using a rheostat. A mirror (17×13 cm) was
attached to the inside rear wall of the Plexiglas enclosure to improve
observation of the rat within the enclosure. A removable wire grid
formed the roof of the enclosure. The testing roomwas illuminatedbya
20-Watt halogen light located 50 cm above the hot-plate apparatus.

1.4. Pain perception testing procedures

The pain perception testing procedures were similar to those of
Bardo et al. (1981) and Ogawa et al. (2007). At 1600 h, each animal was
transported from the colony room to a holding cage located within the
testing room. A timerwas startedwhen the animal was placed into the
Plexiglas enclosure onto the hot plate. When the rat licked one of its
paws, the timer was stopped and the rat was immediately removed
from the hot plate. Paw-lick latency (0.1 s) was defined as the time
difference between the start and stop events. In some instances, the rat
jumped from the floor of the hot plate to the ceiling of the enclosure.
Such jumps terminated the trial and the latency was recorded as a
paw-lick/jump latency. Rats that did not respond within 30 s were
removed from the hot plate and a score of 30 s was recorded for that
trial. The apparatus was cleaned with a mild ammonia solution and
dried between successive trials.

Each rat was randomly assigned to a treatment group (n=5–6 per
group) (0, 1, 2, or 4 mg/kg dexfenfluramine or 0, 2.5, 5, 10, or 20 mg/kg
phentermine). Each rat was tested in the hot-plate procedure before
injection (baseline) and then at 10 min, 20 min and 30 min after drug
injection. Paw-lick latencieswere recorded to the nearest 0.1 s, with a 30 s
maximal trial duration (Ogawa et al., 2007). In a sub-experiment, four
additional groups (n=5 each)were testedwith combinations of 1.0mg/kg
dexfenfluramine+2.5 mg/kg phentermine, 1.0 mg/kg dexfenfluramine+
5.0 mg/kg phentermine, 2.0 mg/kg dexfenfluramine+2.5 mg/kg phen-
termine, or 2.0 mg/kg dexfenfluramine+5.0 mg/kg phentermine.

1.5. Data analyses

The overall design of the study was a split-plot factorial with dex-
fenfluramine dose (0,1, 2 or 4mg/kg) or phentermine dose (0, 2.5, 5,10
or 20 mg/kg) as the between-group factor and time (0, 10, 20, and
30min) as awithin-group factor. Separate ANOVAswere computed for
paw-lick/jump latencies (0.1 s) for fenfluramine dose (0, 1, 2, or 4 mg/
kg) and for phentermine dose (0, 2.5, 5, 10 or 20 mg/kg). The hot-plate
scores were converted to percentage of possible maximal effect (MPE
%) where %MPE=100⁎ [(drug response time− time 0 baseline response
time)/ (response cutoff score (30)− time 0 baseline response time)] (cf
Ogawa et al., 2007). %MPE scores were plotted as a function of phen-
termine dose or dexfenfluramine dose and were subjected to linear
regression (SigmaPlot 9.01) to calculate the dose required to generate a
50%MPE score (i.e. an ED50 score). For the combination analyses, the %
MPE scores for the 1.0 mg/kg dexfenfluramine+2.5 mg/kg phenter-
mine, and 1.0mg/kg dexfenfluramine+5.0mg/kg phentermine groups
were combined with the %MPE scores for the 1.0 dexfenfluramine
group from the main experiment. Likewise, the data from the 2.0 dex-
fenfluramine group was combined with the data from the 2.0 mg/kg
dexfenfluramine+2.5 mg/kg phentermine, or 2.0 mg/kg dexfenflur-
amine+5.0 mg/kg phentermine groups. For each dexfenfluramine
condition (1.0 or 2.0 mg/kg), the respective %MPE data were plotted
against phentermine dose (0, 2.5, or 5.0 mg/kg) and a 50% MPE (ED50

value) determined for the combinations. Comparisons between group
means were made using Bonferroni contrasts and the level of
significance was set at Pb0.05.

2. Results

Fig. 1A depicts the impact of systemic injections of phentermine on
paw-lick/jump latencies at four different time points. ANOVA of the
paw-lick/jump latencies prior to drug injection revealed no significant
between-group differences. Split-plot ANOVA of the paw-lick/jump
latencies over the 4 time points revealed a significant effect of phen-
termine dose (F(4,24)=5.45, Pb0.0001) and of time (F(3,72)=37.9,
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Pb0.0001), and a significant interaction between phentermine dose
and time (F(12,72)=4.5, Pb0.0001). Subsequent contrasts indicated
that all doses of phentermine above 2.5 mg/kg significantly increased
paw-lick/jump latencies, relative to vehicle. The calculated %MPE
(ED50) value for phentermine analgesia was 6.8 mg/kg.

Fig. 1B depicts the changes in paw-lick/jump latencies induced by
systemic injection of dexfenfluramine. ANOVA of the paw-lick/jump
latencies prior to drug injection was not significant. ANOVA of the 4
time points revealed significant effects of dexfenfluramine treatment
(F(3,22)=13.8, Pb0.0001), and of time (F(3,66)=6.5, Pb0.001), and a
significant interaction between dexfenfluramine and time (F(9,66)=
5.2, Pb0.0001). Only the 4 mg/kg dexfenfluramine dose induced a sig-
nificant change in paw-lick/jump latencies, relative to the saline
control group. The calculated %MPE (ED50) value for analgesia for
dexfenfluramine was 2.8 mg/kg.

To evaluate the additivity of the combinations of dexfenfluramine
and phentermine on pain reactivity, an isobologram (Berenbaum,
1989; Wellman et al., 1995) was prepared using the data for phen-
termine alone and for dexfenfluramine alone (see Fig. 2). Points lying
along the isobologram line are considered to represent dose additivity.
In this sub-experiment, rats were treated with 1.0 mg/kg dexfenflur-
amine and either 0, 2.5 or 5.0 mg/kg phentermine or with 2.0 mg/kg
dexfenfluramine and either 0, 2.5 or 5.0 mg/kg phentermine. Esti-
mated %MPE (ED50) values were calculated for dexfenfluramine alone
and for phentermine alone and plotted on the isobologram. For the
lower dexfenfluramine dose (1.0 mg/kg), the predicted phentermine
dose required to generate an ED50 analgesic response was 4.4 mg/kg,
while the actual dose was 3.65 mg/kg. For the 2.0 dexfenfluramine
dose, the predicted phentermine dose required to generate an ED50

analgesic response was about 2.0 mg/kg, a value quite close to the
actual dose. Although this analysis was limited in terms of number of
doses chosen for testing, it appears that the overall pattern represents
additivity between phentermine dose and dexfenfluramine dose on
pain reactivity in the adult male rat.

3. Discussion

In the present experiment, acute systemic injections of phenter-
minewere noted to induce a degree of analgesia. Acute administration
Fig. 2. An isobologram based on the ED50 values for phentermine and for dexfenfluramine. V
phentermine required to generate an ED50 effect when given in combination with 1.0 mg/kg
ED50 dose of phentermine determined from the dose-additive line.
of 2.5–20 mg/kg phentermine significantly increased pain reactivity
scores and these effects persisted for at least 30 min after injection.
These results confirm and extend the observation by Ghelardini et al.
(2003) in which an acute icv infusion of phentermine increased hot-
plate pain reactivity scores in mice and strengthen the conclusion that
phentermine, like other sympathomimetic drugs, induces analgesia.
Moreover, the present results confirm that fenfluramine can alter pain
reactivity (Reuter, 1975; Rochat et al., 1982; Wang et al., 1999).

With regard to neurochemical mechanism of action, phentermine
interacts with each of the monoamine transporters so as to alter the
release of dopamine, norepinephrine, and of serotonin. An in vitro
study (Rothman et al., 2001) using rat brain indicates that phentermine
exerts the greatest releasing action at the norepinephrine transporter
(39.4±6.6 nM), followed by the dopamine transporter (262±21 nM),
with the least activity at the serotonin transporter (3511±6.6 nM). In
terms of reuptake inhibition, phentermine is less potent than is
amphetamine and exerts minimal action at the serotonin transporter
(John and Jones, 2007). In vivo microdialysis studies generally confirm
the capacity of phentermine to augment brain extracellular levels of
dopamine (Balcioglu andWurtman,1998; Baumann et al., 2000; Row-
ley et al., 2000) and, to a lesser degree, that of serotonin (Prow et al.,
2001; Tao et al., 2002). As might be expected for an older appetite
suppressant, the impact of phentermine on extracellular levels of
norepinephrine in brain has not been explored using themicrodialysis
technique.

The behavioral actions of phentermine have been related to
changes in dopamine neurotransmission. The hypophagic action of
phentermine, for example, is noted at dose levels that augment brain
dopamine levels (Roth and Rowland, 1998; Rowley et al., 2000; Well-
man et al., 2003a) and phentermine hypophagia is antagonized by the
receptor antagonist pimozide (Dobrzanski and Doggett, 1979). With
regard to reinforcement, phentermine stimulates locomotion (Bau-
mann et al., 2000; Rowley et al., 2000), and is self-administered in rats
as well as primates (Griffiths et al., 1978; Papasava et al., 1985). A study
by Jain et al. (1979), in which phentermine was noted to routinely
appear in urine screens of drug abusers, provides indirect support for
the proposition that phentermine has abuse potential in humans. Al-
though no studies could be identified that have examined the neuro-
pharmacology of phentermine-induced analgesia, a body of research
alues along the line represent dose additivity. The solid arrows reflect the actual dose of
dexfenfluramine or 2.0 mg/kg dexfenfluramine. The dashed arrows reflect the predicted
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indicates that dopamine neurotransmission can modulate the analge-
sia induced by amphetamine. Antagonists of D1 receptors and of D2
receptors diminish amphetamine analgesia (Morgan and Franklin,
1991), whereas depletion of dopamine induced by infusion of the
dopamineneurotoxin 6-OHDA into the nucleus accumbens (Clarke and
Franklin, 1992), the ventral tegmental area (Morgan and Franklin,
1990) or the ventral striatum(Morgan and Franklin,1990) candiminish
amphetamine analgesia (Franklin, 1998).

On the other hand, the view that phentermine’s behavioral actions,
including analgesia, reflect altered dopamine neurotransmission is
challenged by several observations. The first is that pimozide has
affinity for noradrenergic receptors as well as dopaminergic receptors
(Wellman et al., 2003b). Thus, a pimozide reversal effect may reflect
either an action on noradrenergic or dopaminergic receptors.
Additionally, a recent in vivo study suggests that phentermine may
not release DA in brain at clinical doses (Alexander et al., 2005).

Early in vitro studies noted the capacity of phentermine to release
norepinephrine from rabbit atria (Paton, 1975). In terms of peripheral
activity, phentermine increases plasma norepinephrine levels (Alex-
ander et al., 2005) and urinary epinephrine/norepinephrine/dopamine
levels (Hirsch et al., 2000). As noted above, in vitro studies suggest that
phentermine exerts a greater action at the release of norepinephrine
than it does for the release of dopamine or serotonin (Rothman et al.,
2001), although whether phentermine alters in vivo release of nor-
epinephrine in brain has not been studied using the microdialysis
technique.

Several lines of evidence indicate that norepinephrine is a key
component of the endogenous pain inhibition systems. Antidepressant
drugs that act by altering norepinephrine neurotransmission also
induce analgesia (Jasmin et al., 2003). Descending noradrenergic fibers
can hyperpolarize neurons in the substantia gelatinosa, and increase
the release of GABA or glycine from spinal cord interneurons (Yoshi-
mura and Furue, 2006). Jasmin et al. (2002) studied pain reactivity in
mice lacking the gene that codes for the enzyme dopamine β-hydro-
xylase, the enzyme required to form NE fromDA. Mice lacking norepi-
nephrine were hyperreactive to thermal pain stimuli and were
refractory to the analgesic action ofmorphine. However, pain reactivity
was restored in mice for which CNS norepinephrine was rescued by
infusion with a synthetic precursor for norepinephrine. These studies
demonstrate that norepinephrine has the capacity to inhibit ascending
pain information and are consistent with the view that phentermine
may interact with brain norepinephrine neurons to induce analgesia.

Fenfluramine activates central serotonin neurons to reduce meal
size and eating rate (Simansky, 1996; Bray, 2005). Fenfluramine in-
creases extraneuronal levels of serotonin via stimulation of serotonin
release and secondarily via inhibition of serotonin reuptake (Garratini
et al., 1975; Gobbi et al., 1992). The capacity of fenfluramine to induce
analgesia has long been known (Reuter, 1975). Acute administration of
fenfluramine or its active enantiomer dexfenfluramine decreases sen-
sitivity to painful stimuli in rats and mice (Rochat et al., 1982; Wang
et al., 1999; Ghelardini et al., 2003). Serotonin plays a key role in the
modulation of pain perception. Activation of descending serotonin
neurons engages anti-nociceptive circuits, resulting in analgesia
(Basbaum and Fields, 1984). Destruction of ascending serotonergic
fibers in brain results in a depletion of forebrain serotonin and in-
creases sensitivity to painful stimuli (Harvey et al., 1975). Although
some doses of phentermine can increase extracellular levels of sero-
tonin (Prow et al., 2001), antagonism of serotonin receptors does not
attenuate phentermine anorexia (Mitchell et al., 1998). Given that
relatively high doses of phentermine are required to engage brain
serotonin systems, it is unlikely that phentermine acts through sero-
tonergic neurotransmission to induce analgesia.

The aforementioned studies suggest that phentermine predomi-
nantly acts through noradrenergic synapses to alter eating and to in-
duce analgesia, whereas fenfluramines act through serotonergic
synapses. Studies using sub-chronic administration of phentermine
and fenfluramine have observed additive as well as synergistic inter-
actions between fenfluramine and phentermine. Roth and Rowland
(1998) used osmotic mini-pumps to deliver vehicle, 5 mg/kg phenter-
mine, 2 mg/kg dexfenfluramine or a combination of 5 mg/kg phenter-
mine plus 2 mg/kg dexfenfluramine over an 11 day period. Daily
measures of intake of a sweetened condensedmilk diet were recorded
for an hour per day. Phentermine alone, at 5 mg/kg had no effect on
milk intake. The combination of dexfenfluramine and phentermine
exerted a significantly greater reduction of milk intake than did dex-
fenfluramine alone. Halladay et al. (2000) reported similar synergistic
interactions between phentermine and fenfluramine in rats fed a
control diet. In a follow-up study, Roth and Rowland (1999) used an
isobolographic analysis to demonstrate that the interaction between
phentermine and dexfenfluramine was predominantly synergistic.
Wellman et al. (2003) reported a greater than additive effect of dex-
fenfluramine and of phentermine on food intake and body weight in
rats. One explanation for these effects is that fenfluramine may dimi-
nish the clearance of phentermine from the brain (Kaddoumi et al.,
2003).

The present experiment sought to determine the degree to which
combinations of phentermine and of dexfenfluramine would induce
greater enhancements of analgesia than either drug alone. In this
study, a full dose range of each drug was employed and there was no
evidence of a potentiation of the analgesic effect of phentermine by
dexfenfluramine or vice versa, rather phentermine and dexfenflur-
amine exerted mostly additive effects on pain reactivity. These results
would suggest that supra-additive interactions between phentermine
and dexfenfluramine are peculiar to eating and body weight but not
analgesia. In other end-points, fenfluramine can antagonize the
conditioned place preference induced by phentermine (Rea et al.,
1998) and reverse the locomotor stimulation induced by phentermine
(Baumann et al., 2000). These interactionpatternswould argue against
a general pharmacokinetic effect of fenfluramine altering the clearance
of phentermine, as suggested by Kaddoumi et al. (2003).

References

Alexander M, Rothman RB, Baumann MH, Endres CJ, Brasic JR, Wong DF. Noradrenergic
and dopaminergic effects of (+)-amphetamine-like stimulants in the baboon Papio
anubis. Synapse 2005;56(2):94–9.

Balcioglu A, Wurtman RJ. Effects of fenfluramine and phentermine (fen-phen) on
dopamine and serotonin release in rat striatum: in vivo microdialysis study in
conscious animals. Brain Res 1998;813:67–72.

Bardo MT, Wellman PJ, Hughes RA. The role of hot plate and general environmental
stimuli in morphine analgesic tolerance. Pharmacol Biochem Behav 1981;14:
757–60.

Basbaum AI, Fields HL. Endogenous pain control systems— brain-stem spinal pathways
and endorphin circuitry. Annu Rev Neurosci 1984;7:309–38.

Baumann MH, Ayestas MA, Dersch CM, Brockington A, Rice KC, Rothman RB. Effects of
phentermine and fenfluramine on extracellular dopamine and serotonin in rat
nucleus accumbens: therapeutic implications. Synapse 2000;36(2):102–13.

Berenbaum MC. What is synergy? Pharmacol Rev 1989;41:93–141.
Bray GA. Drug insight: appetite suppressants. Nat Clin Pract Gastroenterol Hepatol

2005;2(2):89–95.
Burrill DY, Goetzl FR, Ivy AC. The pain threshold raising effect of amphetamine. J Dent

Res 1944;23:337–44.
Clarke PB, Franklin KB. Infusions of 6-hydroxydopamine into the nucleus accumbens

abolish the analgesic effect of amphetamine but not of morphine in the formalin
test. Brain Res 1992;580(1–2):106–10.

Connor J, Makonnen E, Rostom A. Comparison of analgesic effects of khat (Catha edulis
Forsk) extract, D-amphetamine and ibuprofen in mice. J Pharm Pharmacol 2000;
52(1):107–10.

Dalal S, Melzack R. Potentiation of opioid analgesia by psychostimulant drugs: a review.
J Pain Symptom Manage 1998;16(4):245–53.

Dobrzanski S, Doggett NS. The effect of propranolol, phentolamine and pimozide on
drug-induced anorexia in the mouse. Psychopharmacology 1979;66(3):297–300.

Drago F, Caccamo G, Continella G, Scapagnini U. Amphetamine-induced analgesia does
not involve brain opioids. Eur J Pharmacol 1984;101(3–4):267–9.

Franklin KB. Analgesia and abuse potential: an accidental association or a common
substrate? Pharmacol Biochem Behav 1998;59:993–1002.

Frussa-Filho R, Rocha JB, Conceicao IM, Mello CF, Pereira ME. Effects of dopaminergic
agents on visceral pain measured by the mouse writhing test. Arch Int
Pharmacodyn Ther 1996;331(1):74–93.

Garratini S, Buczko W, Jori A, Samanin R. The mechanism of action of fenfluramine.
Postgrad Med J 1975;51:27–35.



343P.J. Wellman / Pharmacology, Biochemistry and Behavior 90 (2008) 339–343
Ghelardini C, Quattrone A, Galeotti N, Livi S, Banchelli G, Raimondi L, et al. Antisense
knockdown of the Shaker-like Kv1.1 gene abolishes the central stimulatory effects
of amphetamines in mice and rats. Neuropsychopharmacology 2003;28(6):
1096–105.

Gobbi M, Frittoli E, Mennini T, Garattini S. Releasing activities of D-fenfluramine and
fluoxetine on rat hippocampal synaptosomes preloaded with [3H] serotonin.
Naunyn-Schmiedeberg’s Arch Pharmacol 1992;345(1):1–6.

Goetzl FR, Burrill DY, Ivy AC. Critical analysis of algesimetric methods with suggestions
for useful procedures. Quarterly Bull Northwestern Univ Med School 1943;17:
280–91.

Griffiths RR, Brady JV, Snell JD. Relationship between anorectic and reinforcing pro-
perties of appetite suppressant drugs: implications for assessment of abuse liability.
Biol Psychiatry 1978;13(2):283–90.

Halladay AK, Fisher H, Wagner GC. Effects of phentermine and fenfluramine on alcohol
consumption and alcohol withdrawal seizures in rats. Alcohol 2000;20:19–29.

Harvey JA, Schlosberg AJ, Yunger LM. Behavioral correlates of serotonin depletion.
Federation Proc 1975;34:1796–801.

Hirsch J, Mackintosh RM, Aronne LJ. The effects of drugs used to treat obesity on the
autonomic nervous system. Obes Res 2000;8(3):227–33.

Jain NC, Budd RD, Sneath TC. Frequency of use or abuse of amphetamine-related drugs.
Am J Drug Alcohol Abuse 1979;6(1):53–7.

Kaddoumi A, Nakashima MN, Maki T, Matsumura Y, Nakamura J, Nakashima K. Liquid
chromatography studies on the pharmacokinetics of phentermine and fenflur-
amine in brain and blood microdialysates after intraperitoneal administration to
rats. J Chromatogr B Analyt Technol Biomed Life Sci 2003;791(1–2):291–303.

Jasmin L, Tien D, Janni G, Ohara PT. Is noradrenaline a significant factor in the analgesic
effect of antidepressants? Pain 2003;106(1–2):3–8.

Jasmin L, Tien D,Weinshenker D, Palmiter RD, Green PG, Janni G, et al. The NK1 receptor
mediates both the hyperalgesia and the resistance to morphine in mice lacking
noradrenaline. Proc Natl Acad Sci U S A 2002;99(2):1029–34.

John CE, Jones SR. Voltammetric characterization of the effect of monoamine
uptake inhibitors and releasers on dopamine and serotonin uptake in mouse
caudate-putamen and substantia nigra slices. Neuropharmacology 2007;52(8):
1596–605.

Mitchell JC, Jackson HC, Heal DJ. Effect of monoamine antagonists on aminorex,
phentermine, and D-amphetamine hypophagia. J Psychopharmacol 1998;12:
A38.

Morgan MJ, Franklin KB. 6-Hydroxydopamine lesions of the ventral tegmentum abolish
D-amphetamine and morphine analgesia in the formalin test but not in the tail flick
test. Brain Res 1990;519(1–2):144–9.

Morgan MJ, Franklin KB. Dopamine receptor subtypes and formalin test analgesia.
Pharmacol Biochem Behav 1991;40(2):317–22.

Nencini P, Ahmed AM. Naloxone-reversible antinociceptive activity of cathinone, the
active principle of khat, in the mouse and rat. Pharmacol Res Commun 1982;14(8):
759–70.

Ogawa M, Miyakawa T, Nakamura K, Kitano J, Furushima K, Kiyonari H, et al. Altered
sensitivities to morphine and cocaine in scaffold protein tamalin knockout mice.
Proc Natl Acad Sci U S A 2007;104(37):14789–94.

Papasava M, Singer G, Papasava CL. Self-administration of phentermine by naive rats:
effects of body weight and a food delivery schedule. Pharmacol Biochem Behav
1985;22(6):1071–3.
Paton DM. Structure–activity relations for the acceleration of efflux of noradrenaline
from adrenergic nerves in rabbit atria by sympathomimetic amines. Can J Physiol
Pharmacol 1975;53(5):822–9.

ProwMR, Lancashire B, Aspley S, Heal DJ, Kilpatrick IC. Additive effects on rat brain 5HT
release of combining phentermine with dexfenfluramine. Int J Obes Relat Metab
Disord 2001;25:1450–3.

Rea WP, Rothman RB, Shippenberg TS. Evaluation of the conditioned reinforcing effects
of phentermine and fenfluramine in the rat: concordance with clinical studies.
Synapse 1998;30(1):107–11.

Reuter CJ. A review of the CNS effects of fenfluramine, 780SE and norfenfluramine on
animals and man. Postgrad Med J 1975;51(1):18–27.

Rochat C, Cervo L, Romandini S, Samanin R. Differences in the effects of D-fenfluramine
and morphine on various responses of rats to painful stimuli. Psychopharmacology
1982;76:188–92.

Roth J, Rowland NE. Efficacy of administration of dexfenfluramine and phentermine,
alone and in combination, on ingestive behavior and body weight in rats. Psycho-
pharmacology 1998;137:99–106.

Roth JD, Rowland NE. Anorectic efficacy of the fenfluramine/phentermine combination
in rats: additivity or synergy? Eur J Pharmacol 1999;373(2–3):127–34.

Rothman RB, Baumann MH, Dersch CM, Romero DV, Rice KC, Carroll FI, et al.
Amphetamine-type central nervous system stimulants release norepinephrine
more potently than they release dopamine and serotonin. Synapse 2001;39:32–41.

RowleyHL, Butler SA, ProwMR, Dykes SG, Aspley S, Kilpatrick IC, et al. Comparison of the
effects of sibutramine and otherweight-modifying drugs on extracellular dopamine
in the nucleus accumbens of freely moving rats. Synapse 2000;38(2):167–76.

Simansky KJ. Serotonergic control of the organization of feeding and satiety. Behav
Brain Res 1996;73(1–2):37–42.

Tao R, Fray A, Aspley S, Brammer R, Heal D, Auerbach S. Effects on serotonin in rat
hypothalamus of D-fenfluramine, aminorex, phentermine and fluoxetine. Eur J
Pharmacol 2002;445(1–2):69–81.

Wang YX, Bowersox SS, Pettus M, Gao D. Antinociceptive properties of fenfluramine, a
serotonin reuptake inhibitor, in a rat model of neuropathy. J Pharmacol Exp ther
1999;291(3):1008–16.

Weintraub M. Long-term weight control study: conclusions. Clin Pharmacol ther
1992;51:642–6.

Weintraub M, Hasday JD, Mushlin AI, Lockwood DH. A double-blind clinical trial in
weight control. Use of fenfluramine and phentermine alone and in combination.
Arch Intern Med 1984;144:1143–8.

Wellman PJ, Maher TH. Synergistic interactions between fenfluramine and phenter-
mine. Int J Obe 1999;23:723–32.

Wellman PJ, Tow S, McMahon L. Isobolographic assessment of the effects of com-
binations of phenylpropanolamine and fenfluramine on food intake in rats. Phar-
macol Biochem Behav 1995;50(2):287–91.

Wellman PJ, Jones SL, Miller DK. Effects of preexposure to dexfenfluramine, phenter-
mine, dexfenfluramine–phentermine, or fluoxetine on sibutramine-induced hypo-
phagia in the adult rat. Pharmacol Biochem Behav 2003a;75:103–14.

Wellman PJ, Miller DK, Ho DH. Noradrenergic modulation of ephedrine-induced
hypophagia. Synapse 2003b;48(1):18–24.

Yoshimura M, Furue H. Mechanisms for the anti-nociceptive actions of the descending
noradrenergic and serotonergic systems in the spinal cord. J Pharmacol Sci 2006;
101(2):107–17.


	Effects of acute administration of phentermine, alone or in combination with dexfenfluramine, o.....
	Methods
	Animals
	Drugs
	Apparatus
	Pain perception testing procedures
	Data analyses

	Results
	Discussion
	References


