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Abstract-Fenfluramine is an effective appetite supressant that mediates its action via serotoninergic 
neurons. We studied the effect of pure d- and I-fenfluramine on in vitro hexose transport in isolated rat 
soleus muscles and skeletal muscle cells in culture. We found no evidence to suggest that the fenfluramine 
enantiomers affect the basal transport activity. Furthermore, the drugs did not interfere with the ability 
of glucose to regulate its own transport. Muscle responsiveness to insulin was not altered by the 
enantiomers, nor did insulin unmask any effect of fenfluramine on muscle hexose transport. These 
conclusions are based on experiments performed with a wide concentration range of drug and insulin, 
from the therapeutic to suprapharmacological levels. We discuss our results in view of published data 
on the effects of fenfluramine on peripheral glucose metabolism. 

Fenfluramine is a clinically effective serotoninergic 
appetite suppressant used for two decades. Recent 
studies have shown that d-fenfluramine is stereo- 
specific in causing anorexia [l] and that 5-I-ITi$ 
receptors are preferentially involved in this action 
[2,3]. Interest in metabolic effects unrelated to the 
anorectic effect of fenfluramine was generated in the 
early 1970s when it was shown in animal experiments 
that the drug may lower blood glucose [4,5]. 

In 1972 Bliss et al. [6] reported that fenfluramine 
significantly reduced the blood glucose level of non- 
obese patients with peripheral vascular compli- 
cations. Other studies on obese type II diabetics 
indicated that the drug may improve glucose tol- 
erance and insulin secretion [7]. Muscle is the major 
peripheral tissue involved in glucose homeostasis. 
Several studies suggested that the metabolic effect 
of fenfluramine exerts itself at the level of skeletal 
muscle. Thus, studies on isolated human gluteus 
muscle or rat hemidiaphragm showed that fen- 
fluramine, in the presence of physiological con- 
centrations of insulin, increased the glucose uptake 
of the tissue [S-11]. No significant effect was demon- 
strated by fenfluramine in the absence of insulin 
when the drug was 

P 
resent in therapeutic con- 

centrations (50-100 ng ml; 0.19-0.37 PM); however, 
at higher concentrations (l-10 pg/ml; 3.7-37.0 PM) 
the drug was effective in the absence of insulin 
[lo, 121. 

With the recent availability of d-fenfluramine for 
therapeutic purposes [2,3], interest has been 
renewed on the possible metabolic effects of the 
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8 Abbreviations used: BSA: ‘bovine serum albumin; 
dGlc: 2-deoxy-D-glucose; FCS: fetal calf serum; 5-I-IT: 5- 
hydroxytryptamine; HEPES: 4-(2-hydroxyethyl)-l-pipera- 
zine-ethanesulphonic acid; KRB; Krebs-Ringer bicar- 
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drug. We therefore undertook to study in detail the 
action of d- and Cfenfluramine in a sensitive in vitro 
model of skeletal muscle [ 13,141. Furthermore, since 
recent studies from our laboratory indicate that the 
reduced peripheral glucose utilization in type II dia- 
betes may be the consequence of a physiological 
regulatory mechanism involving autoregulation of 
hexose transport by glucose [13,14], we also inves- 
tigated the effect of fenfluramine on this phenom- 
enon. 

MATERIALS AND METHODS 

Chemicals. The 2-[1-2-3H]deoxy-glucose (dGlc), 
30.2 Ci/mmol, was purchased from New England 
Nuclear (Boston, MA). [U-14C]Sucrose, 556 mCi/ 
mmol, was from the Radiochemical Centre (Amer- 
sham, U.K.). Crystalline porcine insulin (26.8 U/ 
mg) was a gift from Eli Lilly & Co. (Indianapolis, 
IN). Stock solutions (1 mg/ml) in 10m3 N HCl, 
pH 3.0, were kept at 4”; for further use, the solution 
was diluted in buffer containing 0.25% (w/v) bovine 
serum albumin (BSA). HEPES, BSA (fraction V), 
dGlc and cytochalasin B were purchased from Sigma 
Chemical Co. (St Louis, MO). d(+)Fenfluramine 
and I( -)fenfluramine were a gift from Technologie 
Servier (Orleans, France). Waymouth medium and 
Dulbecco’s modified Eagle’s medium (DMEM) were 
from Gibco Laboratories (Grand Island, NY). Fetal 
calf serum (FCS), L-glutamine, penicillin G and 
streptomycin sulphate were obtained from Biological 
Industries (Kibbutz Beth-Haemek, Israel), All other 
chemicals were reagent grade. 

The purity of the d- and I-enantiomers of fen- 
fluramine was checked by several methods including 
specific optic rotation, mass spectroscopy, infra-red 
spectra and chemical analysis. Based upon these 
measurements we concluded that the preparations 
were >99% pure. 

Cells and culture conditions. Myogenic cells of the 
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Ls cell line, originally established by Dr D. Yaffe 
(Weizmann Institute of Science, Rehovot, Israel) 
were obtained through his courtesy. The cells were 
grown as previously described [15]. In brief, mono- 
nucleated myogenic cells were plated in 35mm gel- 
atin-coated tissue culture plates (10’ cells/plate) in 
Waymouth medium supplemented with 15% (v/v) 
FCS. At confluency, the medium was changed 18- 
20 hr prior to the ex eriment to glucose-free DMEM 
containing 15% (v v) FCS supplemented with glu- P 
case at the desired concentration. 

Animals. Young male albino rats (40-60 g) of the 
Sabra strain (Hebrew University, Jerusalem, Israel) 
received standard laboratory chow and water ad lib. 
Their serum glucose concentration at sacrifice ranged 
between g-10 mM. 

Measurement of dGlc uptake in myocytes. The 
myocytes in culture were rinsed 8 times with 2 ml of 
KRB (supplemented with 10 mM HEPES, pH 7.4). 
After rinsing, 1 ml of KRB buffer containing 0.5 PCi 
[3H]dGlc, 0.1 mM unlabeled dGlc, and 0.02&i 
[r4C]sucrose was added to the plates (in triplicates). 
Incubation was carried out for 5 min at room tem- 
perature and terminated by aspirating the medium 
and rinsing the cells 5 times with 2 ml ice-cold KRB. 
After digestion of the cells with 1 ml 1 N NaOH 
(60 min at 37”) and neutralization with concentrated 
HCl, aliquots of 800 ,nl were taken for liquid scin- 
tillation counting. Extracellular space was deter- 
mined by calculating the [r4C]sucrose space. 
Cytochalasin B (5 PM) effectively inhibited the 
uptake of dGlc when added prior to the hexose. 
Usually the noninhibitable uptake of dGlc was simi- 
lar to the dGlc content of the extracellular space as 
determined by [ r4C]sucrose. 

Based upon measurements of the intracellular con- 
centrations of free and phosphorylated dGlc we have 
shown that the [3H]dGlc uptake assay measures the 
rate of the hexose transport and not its intracellular 
phosphorylation [13]. It was also shown that the 
cell washing procedure eliminates the extracellular 
glucose and that no free glucose accumulates in the 
cells [13]. 

Measurement of dGlc uptake in isolated soleus 
muscles. Non-fasted rats were killed by cervical dis- 
location, the soleus muscles quickly removed and 
incubated in 20 ml glass vials sealed with a rubber 
stopper, continuously gassed with OX/CO2 (95 : 5, v/ 
v) in a metabolic shaker (40 cycles/min) at 37”. To 
measure dGlc uptake, 4-6 soleus muscles, weighing 
10-25 mg, were incubated for various times in 
DMEM containing glucose concentrations and other 
agents as indicated. At the end of the first incubation 
period, the muscles were washed three times in 20 ml 
KRB buffer and transferred to vials with 1.5 ml KRB 
containing 0.5 mM dGlc, 10.0,&i [3H]dGlc, and 
0.5 yCi [r4C]sucrose. After a 5 min incubation, the 
uptake was terminated by 3 rapid washes in 20ml 
ice-cold KRB. The muscles were then frozen in liquid 
nitrogen and weighed. After thawing, the individual 
muscles were dissolved in 1 ml 1 N NaOH (10 min at 
&J--90”), cooled and neutralized with concentrated 
HCl. The radioactivity was counted in 10 ml Lumax 
scintillation mixture. The data were corrected for 
the extracellular space. In experiments where insulin 
effect was studied, KRB with 0.25% (w/v) BSA was 

Table 1. dGlc uptake by myocytes in culture incubated 
with d-fenfluramine: dose dependency 

dGlc uptake 
d-Fenfluramine pmol dGlc/106 cells/min 

(PM) 1.7 mM glucose 17.0 mM glucose 

None 67.2 * 1.5 33.5 * 1.5 
0.037 67.9 2 2.6 33.1 ? 2.9 
0.19 67.0 t 3.0 36.3 2 2.0 
0.37 72.1 + 1.0 35.9 ?z 2.7 
0.93 67.7 r 2.1 35.7 I!z 1.9 
1.90 70.3 t 1.0 34.2 ? 2.5 
2.80 68.1 -c 1.5 35.3 -c 2.0 
3.70 72.2 r 2.0 35.2 -t 1.5 

Ls myocytes were grown to confluency. After pre- 
incubation (20 hr) with DMEM containing 3.0 or 20.0 mM 
glucose, the hexose levels fell to 1.7 and 17.0 mM, respect- 
ively. The media were then changed to DMEM containing 
the same glucose levels, FCS and increasing d-fenfluramine 
concentrations, and incubated in triplicates for 4 hr at 37”. 
After rapid washings with KRB the standard [3H]dGlc 
uptake assay was performed. Mean t SE (N = 4). 

used for the first incubation. 
We [13,14] and others [16] showed that an intra- 

cellular pool of free glucose in soleus muscle incu- 
bated at various glucose concentrations is unlikely 
to dilute the free intracelluar [3H]dGlc in the uptake 
assay. We have previously established that the stand- 
ard washing procedure effectively eliminates free 
glucose from the extracellular space [13]. 

Glucose determination. Glucose concentration in 
plasma samples from rats and in aliquots from incu- 
bation media was determined by the glucose oxidase 
method using a glucose analyzer. 

Statistical analysis. Results are expressed as mean 
? SE. Non-parametric tests were used for the stat- 
istical analysis: the Mann-Whitney test with ties 
ranks for simple comparison between two exper- 
imental groups, and the Kruskal-Wallis test for 
multiple comparisons [ 171. 

RESULTS 

Lack of effect of fenfluramine on hexose transport in 
L8 myocytes 

The effect of d- and l-fenfluramine on the hexose 
transport system was studied in Ls myocytes main- 
tained at different glucose concentrations. Table 1 
demonstrates the lack of effect of d-fenfluramine: 
myocytes conditioned at 1.7 or 17.0 mM glucose 
maintained their basal dGlc transport rates 
unchanged in the presence of 0.037-3.7pM d-fen- 
fluramine. Similar results were obtained with 
I-fenfluramine (data not shown). In additional 
experiments (data not shown) neither d-fenfluramine 
nor I-fenfluramine when present at 3.7 PM (1 pg/ml) 
for up to 4 hr had any significant effect on the basal 
transport rates of myocytes conditioned at 2.7, 
10.0 or 19.5 mM glucose, the corresponding dGlc 
uptake rates being 64.9 f 0.9, 49.5 f 1.5 and 
22.1 -+ 0.5 pmol/106 cells/min. 

Fenfluramine had no effect on the autoregulatory 
mechanism of the hexose transport system. Figure 
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Fig. 1. The autoregulation of dGlc uptake in Ls myocytes 
in the presence of d- and f-fenfluramine. Ls myocytes were 
grown to confluency. After preincubation (20 hr) with 
DMEM containing FCS and 19.7 (A) or 2.1 mM (B) ght- 
case, the medium glucose fell to 17.0 and 1.1 mM, respect- 
ively. The media were then changed to DMEM containing 
FCS and 2.6 (A) or 10.5 mM (B) glucose without (Cl) or 
with 3.7 PM d-fenfluramine (0) or I-fenfluramine (0), and 
triplicate cultures incubated for the indicated times at 37”. 
After rapid washing with KRB the standard [3H]dGlc 
uptake assay was performed. Means of four experiments. 

The SE bars were smaller than the symbols. 

1A describes the upregulation of hexose transport 
in Ls myocytes conditioned at 17.0 mM. When the 
glucose concentration of the medium was reduced to 
2.6 mM the transport rate increased from 22.5 ? 0.5 
to 51.0 + 2.0pmol dGlc/106 cells/min. Neither d- 
nor Cfenfluramine altered the magnitude or kinetics 
of this process. A similar ineffectiveness of the fen- 
fluramine enantiomers was observed in the down- 
regulation of the transport (Fig. 1B). When the 
myocytes received fresh medium containing 10.5 mM 
glucose after the conditioning period with 2.1 mM 
glucose, the transport rate was reduced gradually 
from 64.4 2 1.5 to 50.0 + 2.0pmol dGlc/106 cells/ 
min within 4 hr whether fenfluramine was absent or 
present. 

To test the hypothesis that fenfluramine may 
potentiate the action of insulin, Ls myocytes were 
conditioned at 1.3 and 20.0 mM glucose and exposed 
to the hormone without or with the drug. As pre- 
viously reported [13], muscle does not respond to a 
short-term insulin stimulus when hexose transport 
is upregulated by glucose deprivation. Indeed, the 
upregulated dGlc uptake of myocytes following con- 
ditioning at 1.3 mM glucose was not further stimu- 
lated by insulin (54.0 -r- 1.2 and 56.0 2 2.0 pmol/106 

b 
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Fig. 2. The dGlc uptake of soleus muscles exposed to 
3.7 PM fenfluramine: time dependency. Soleus muscles 
were incubated in DMEM containing 10.0 mM glucose in 
the absence (0) or the presence (W) of (A) 3.7@! d- 
fenfluramine or (B) 3.7 @ I-fenfluramine for the indicated 
time periods. After washing, the muscles were taken for 
the standard [3H]dGlc uptake assay. Mean f SE (N = 4- 

10). 

cells/min, respectively). In contrast, following con- 
ditioning at 20.0mM glucose, insulin (85.0nM, 
30 min exposure) stimulated significantly the hexose 
trans 
cells P 

ort rate (30.8 2 0.6 vs 40.0 f 0.4pmol/106 
min, P < 0.01). The addition of 3.7 PM d-fen- 

fluramine had no effect on either basal (57.4 +- 0.6 
and 32.2 & 1.0 pmol/106 cells/min in up- and down 
regulated myocytes) or insulin-stimulated dGlc 
uptake (57.0 +- 4.4 and 41.2 + 1.2 pmol/106 cells/ 
min, respectively). 

Lack of effect of fenfluramine on hexose transport in 
isolated rat soleus muscles 

The rat soleus is a sensitive physiological muscle 
preparation commonly used for in vitro studies 
[13,14,16]. Figure 2A shows that d-fenfluramine 
(3.7 m had no significant effect on the basal dGlc 
uptake rate of muscles incubated in the presence 
of lO.OmM glucose for up to 150min. Similarly, 
addition of 3.7 PM I-fenfluramine &tiled to alter the 
hexose transport rates (Fig. 2B). Also, in muscles 
maintained at 16.7 mM glucose under similar exper- 
imental conditions, fenfluramine was without effect 
(data not shown). 

This lack of drug effect was not a result of the 
concentration chosen. In experiments where a wide 
range of concentrations were used, encompassing 
both the therapeutic and suprapharmacological 
levels (0.037-3.7 PM; 10-1000 ng/ml), the basal dGlc 
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Table 2. The dGlc uptake of soleus muscles exposed to 
fenfluramine: dose dependency 

dGlc uptake 
Fenfluramine pmol dGlc/mg wet wt/min 

(PM) I-Fenfluramine d-Fenfluramine 

None 7.8 r 0.2 7.2 f 0.2 
0.037 8.5 f 0.3 7.6 f 0.2 
0.37 7.3 f 0.5 8.1 + 0.5 
1.90 8.2 * 0.4 8.0 f 0.3 
3.70 8.3 f 0.3 8.5 ? 0.3 

Soleus muscles were incubated in DMEM containing 
10.9 mM glucose and the indicated concentrations of I- or 
d-fenfluramine for 90 min. After washing, the muscles were 
taken for the standard [3H]dGlc uptake assay. Mean ? SE 
(N = 6). 

uptake of soleus muscles remained unresponsive to 
the enantiomers of fenfluramine (Table 2). 

The possible effect of fenfluramine on the respon- 
siveness of soleus muscle to insulin was also inves- 
tigated. As shown in Fig. 3 the freshly isolated 
muscles respond to 1.7 nM (0.25 mu/ml) insulin by 
almost doubling the rate of [3H]dGlc uptake. When 
insulin was added together with d- or I-fenfluramine 
to the incubate, the drug failed to alter the effect of 
insulin on soleus dGlc uptake (Fig. 3). In experi- 
ments not shown, similar results were obtained with 
lower d- or l-fenfluramine concentrations (0.037- 
1.9 PM). With prolonged incubation in DMEM con- 
taining 10.0 mM glucose the responsiveness of the 
muscle to insulin was reduced. This deterioration is 
specific for the insulin effect since the basal dGlc 
uptake (8.5 It_ 0.6 pmol/mg wet wt/min) was not sig- 
nificantly altered after 150 min incubation without or 
with d-fenfluramine (3.7 ,uM) treatment during the 
last 20min (7.6 -C 0.4 and 7.9 f 0.3 pmol/mg wet 
wet/min, respectively). d-Fenfluramine had no effect 
on the response to insulin, nor did it prevent the 
deterioration of the response. In another series of 
experiments soleus muscles were preconditioned by 
exposure to 1.7 nM insulin for 130 min, then 3.7 ,uM 
d-fenfluramine was added for 20 min. As shown in 
Table 3, also under these conditions the drug failed 
to modify the muscle dGlc uptake. 

Since a synergistic interaction with fenfluramine 
could be operative at lower insulin levels, soleus 
muscles were incubated for 90 min with 0.7-85 nM 
(0.1-12.5 mu/ml) insulin and fenfluramine. As 
shown in Fig. 4, already 0.7 nM insulin was stimu- 
latory on muscle dGlc uptake; fenfluramine did not 
modify the insulin effect at the physiological as well 
as pharmacological hormone level (up to 85 nM, data 
not shown). 

The inability of both fenfluramine enantiomers to 
affect the basal and insulin stimulated dGlc uptake 
was also evident when the muscles were incubated 
in high glucose medium (16.7 mM). Table 4 shows 
that the basal dGlc uptake rate of muscles incubated 
at 16.7 mM glucose was lower than in muscles incu- 
bated at 10.0 mM glucose due to the downregulatory 
process. Neither d- nor I-fenfluramine improved the 
response to insulin which amounted to 50% stimu- 
lation of dGlc uptake under these conditions. 
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Fig. 3. Lack of effect of fenfluramine on basal and insulin- 
stimulated dGlc uptake by soleus muscle. Soleus muscles 
were incubated in DMEM containing 10.0 mM glucose and 
1.7 nM (0.25 mu/ml) insulin in the absence (0) or the 
presence (0) of 3.7pM d-fenfluramine (A) or 3.7/.4M I- 
fenfhtramine (B) for the indicated times. After washing, 
the muscles were taken for the standard [‘H]dGlc uptake 

assay. Mean 2 SE (N = 4-15). 

DISCUSSION 

This study demonstrates unequivocally that fen- 
fluramine has no direct effect on the hexose transport 
of skeletal muscle in vitro. Neither d-fenfluramine 
nor I-fenfluramine at therapeutic or supraphar- 
macological concentrations changed the basal dGlc 
uptake in Ls myocytes and in isolated soleus muscles 
maintained at low, normal or high levels of glucose. 
The drug had no influence on the autoregulatory 
process of the hexose transport system operated by 
extracellular glucose, the up- or downregulatory 
mechanisms of hexose uptake remaining unchanged 
in the presence of the two enantiomers. Fur- 
thermore, we could not demonstrate any interaction 
between insulin and fenfluramine in isolated soleus 
muscles. Preincubation of the muscles with insulin, 
at near physiological and pharmacological levels, did 
not reverse the lack of responsiveness to fen- 
fluramine. Likewise, preincubation with d- or l-fen- 
fluramine did not alter the stimulation of hexose 
transport by insulin. 

These observations were made with similar con- 
centrations of drug and for similar incubation periods 
as previously reported [8-111. Yet, the present data 
do not agree with the early reports. Kirby [lo], for 
instance, showed that 1.9 PM (5OOng/ml) fen- 
fluramine racemic mixture increased the glucose 
uptake in isolated human gluteus muscle; at lower 
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Table 3. Lack of effect of d-fenfluramine on long-term insulin stimulation of 
dGlc uptake in soleus muscles 

Addition 
dGlc uptake 

pmol/mg wet wt/min % change 

None 9.8 2 0.4 
d-Fenfluramine 10.0 * 0.4 +2 
Insulin 13.0 2 0.6 +33* 
Insulin + d-fenfluramine 13.2 2 0.6 +35* 

Soleus muscles were incubated in DMEM containing 9.5 mM glucose in the 
absence or the presence of 1.7 nM insulin for 150 min. Twenty minutes before 
the end of the incubation 3.7 PM d-fenfluramine was added to the appropriate 
groups. Thereafter the muscles were washed and taken for the standard dGlc 
uptake assay. Mean 2 SE (N = 4). 

* P < 0.01, Kruskal-Wallis test. 

0 0.7 1.7 16.7 
Insulin, nM 

Fig. 4. Lack of effect of fenfluramine on dGlc uptake by 
soleus muscles in the presence of insulin. Soleus muscles 
were incubated in DMEM containing 8.7mM glucose 
(black columns), and 3.7pM d- (hatched columns) or I- 
fenfluramine (shaded columns) together with insulin at the 
indicated concentrations for 90min. After washing, the 
muscles were taken for the standard [3H]dGlc uptake assay. 
All insulin concentrations stimulated significantly the 

uptake (Kruskal-Wallis test). Mean + SE (N = 6-10). 

concentrations (0.0374.19pM) the drug had no 
effect whether it was added alone or together with 
insulin. In another report, Kirby and Turner [9] 
showed that I-fenfluramine stereospecifically 
increased the glucose disappearance from the incu- 
bation medium of rat hemidiaphragms in the pres- 
ence of insulin (0.7 nM) while d-fenfluramine had no 
effect. Bajaj and Valiance-Owen [12] found that 
37.0 PM (10 pug/ml) fenfluramine increased the glu- 
cose uptake of rat diaphragms to the same extent 
as 3.3 nM (0.5 mu/ml) insulin. These studies led 
Dannenburg [18] to suggest that I-fenfluramine is the 
metabolically active enantiomer and that insulin may 
be required for the activity of the drug on glucose 
uptake. The differences among the various studies 
were reconciled on the basis of the large differences 
in the fenfluramine and insulin concentrations used. 

The sensitivity and accuracy of the [3H]dGlc 
uptake assay used here is much higher than when 
the disappearance of glucose from the incubation 
medium is measured as was done by others [8- 
12,19,20]. dGlc is commonly used for this purpose 
since it is a nonmetabolizable glucose analogue that 
enters the cell via the glucose transporter and is 

Table 4. Lack of effect of fenfluramine on basal and insulin stimulated dGlc uptake by 
soleus muscles maintained at high glucose concentration 

Glucose dGlc uptake 
(mM) Addition pmol dGlc/mg wet wt/min 

10.0 None 8.1 + 0.2*“.b 
16.7 None 6.0 z!z 0.4b,c 
16.7 d-Fenfluramine 5.6 ? 0.4 
16.7 CFenfluramine 6.0 _’ 0.2 
16.7 Insulin 8.4 f 0.4’ 
16.7 d-Fenfluramine + insulin 8.6 * 0.4 
16.7 I-Fenfluramine + insulin 8.8 f 0.6 

Fresh muscles None 13.2 2 0.4” 

Soleus muscles were incubated in DMEM containing the indicated glucose con- 
centrations in the absence or the presence of 1.7 nM (0.25 mu/ml) insulin, 3.7 ,uM d- 
or I-fenfluramine. After 90 min incubation the muscles were washed and taken for the 
standard [3H]dGlc uptake assay. Mean 2 SE (N = 4). 

* Statistical comparisons relate to differences between groups indicated by the same 
letter, i.e. a vs a, b vs b, etc. All were P < 0.01, Kruskal-Wallis test. 
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phosphorylated by the hexokinase reaction. We and 
others [13,16] have shown that under the exper- 
imental conditions used here dGlc uptake represents 
the transporter activity and not the hexokinase reac- 
tion. Moreover, the rate of hexose transport deter- 
mines its rate of utilization in isolated soleus muscle 
and skeletal cells in culture under similar incubation 
conditions [14,16]. Studies on lactate production 
in human skeletal muscle in vitro suggested that 
fenfluramine increases the transmembrane transport 
of glucose and thereby the glycolytic flux [21]. How- 
ever, this observation was not in agreement with 
other in viuo measurements of lactate production 
[22,23]. The effect of fenfluramine on glycogenesis 
was studied by Jorgensen [22] and others [8] who 
found no significant effect of the drug on glycogen 
content in the rat hemidiaphragm. These inconsistent 
results of studies performed in the 1970s suggest to 
us that the methodology used was inadequate. Our 
present extensive in vitro studies, using’two muscle 
systems in which a variety of physiologic modulations 
of hexose uptake have been well-documented 
[13,14], lead us to conclude that fenfluramine lacks 
direct effects on glucose transport following short- 
term exposure. 

Several reports [24-261 on the effects of fen- 
fluramine and related compounds on hepatic inter- 
mediary metabolism suggest that these drugs alter 
gluconeogenesis and fatty acids synthesis as well as 
the activities of several microsomal enzymes. It is 
therefore likely that some of the effects of fen- 
fluramine on glucose homeostasis are mediated 
through its hepatic interactions. The effects of fen- 
fluramine in the central nervous system are multiple: 
it modifies the release of prolactin, ACTH, and 
growth hormone [27-291, and it releases 5HT from 
serotoninergic neurons and inhibits its re-uptake [ 11. 
It is therefore possible that the verified effects of d- 
fenfluramine on the in uivo glucose metabolism [6,7] 
are mediated indirectly by these or similar mech- 
anisms. However, we cannot exclude that exposure 
of several days’ duration to the drug may unmask 
direct effects on muscle cells not detected in our 
study. 
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