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SOUQUET, A. M. AND M. FANTINO. Stress and de.xfenfluramine: Effects on the immune response and energy balance 
in the rat. PHARMACOL BIOCHEM BEHAV 45(2) 495-500, 1993.-The effects of stress, dexfenfluramine (d-Fen), and 
a combination of both were investigated on ingestive behavior, body weight, and the humoral immune response in the rat. 
Three-hundred and 84 male Sprague-Dawley rats were split into four groups of 96 animals. In a balanced design, each group 
was submitted or not to repeated intense stress for 20 consecutive days. Animals were also treated with 5 mg/kg/day d-Fen 
(IP, 1 ml/kg) or an equal volume of placebo (saline) for 28 days. The humoral immune response of rats to sheep red blood 
cells (50aTe solution, 1 ml IP at day 0) was assessed from the antibody titer on days 4, 8, 12, 16, 20, and 28. Antibodies were 
assayed by direct hemagglutination and by the Coombs' test. Plasma corticosterone was also measured on days 0 and 12. The 
effects of stress and d-Fen on ingestive behavior and body weight were consistent with previously published results. In 
addition, rats treated with d-Fen had a significantly reduced body weight ( - 20 g) 5 weeks after the end of the treatment, 
whereas the loss in body weight induced by stress had totally disappeared. Stress did not decrease animals' immune response 
despite a massive corticosterone secretion on day 0, with a marked response lasting for at least 12 days. d-Fen reduced the 
corticosterone levels determined on day 12. Antibody production was slightly but significantly reduced in rats receiving 
d-Fen. These results indicate that the humoral immune response may be independent of corticosterone secretion, explaining 
why the d-Fen-induced reduction in the corticosterone response to stress did not compensate for the effect of this drug on 
antibody production. 

Body weight Immune response Food intake S t r e s s  Dexfenfluramine 

IT has been suggested that serotonin [5-hydroxytryptamine 
(5-HT)] inhibits the immune response. For example, lesions 
of the raphe nucleus in the rat reduce brain 5-HT content and 
increase the immune response to bovine serum albumin (16). 
In the mouse, administration of 5-HT or its precursor 5- 
hydroxytryptophan (5-HTP) decreases the humoral and cellu- 
lar responses to sheep red blood ceils (5). To explain these 
effects, these authors proposed a central interaction between 
5-HT and the immune system, mediated by the hypothalamic- 
pituitary-adrenal axis. Serotouin acts on the three main levels 
of this axis: It increases hypothalamic secretion of corticotro- 
pin-releasing factor (CRF) (11,21,22); serotonin agonists di- 
rectly stimulate adrenocorticotropin (ACTH) secretion inde- 
pendently of their effect on endogenous CRF (10,48); they 
stimulate adrenal-glucocorticoid secretion (1,10). A direct pe- 
ripheral action of 5-HT on immunocompetent cells has also 
been demonstrated: In vitro, raised concentrations of this me- 

diator reduce proliferation of lymphocytes after stimulation 
by concanavalin A or lipopolysaccharides (39). 

These observations indicate that 5-HT agonists used thera- 
peutically could depress the immune response. Indeed d-fen- 
fluramine (d-Fen), a 5-HT agonist widely used in the treatment 
of obesity, induces an acute increase in plasma corticosterone 
(7), and this corticosterone response is prevented by electrolytic 
or chemical lesion of the raphe nucleus, which is suggestive of a 
central involvement of d-Fen on the hypothalamic-pituitary- 
adrenal axis (44). In addition to CRF release, d-Fen also acts 
directly on the pituitary and adrenal glands, stimulating secre- 
tion of ACTH and corticosterone (29). 

However, chronic administration of d-Fen might also stim- 
uiate the immune response, especially in stressful situations. 
Indeed, daily administration of d-Fen, (10 mg/kg/day, IP) 
for 12 days has been found to attenuate the effects of a meta- 
bolic stress, reducing the duration and amplitude of the hyper- 
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corticosteronemia it induces (7). Moreover, d-Fen reduces tail- 
pinch-induced hyperphagia (2,41,47). Finally, in the mouse 
selective depletion of  brain 5-HT content by a specific neuro- 
toxin (5,7-dihydroxytryptamine, after pretreatment with desi- 
pramine) did not affect antibody production (24). 

So, the interaction of  d-Fen and stress and the role of 
glucocorticoid secretion in physiological responses such as 
feeding, drinking, body weight, and the immune response is 
not well understood. In the present study, we evaluated ingest- 
ive behavior and the immune response of  rats to an injection 
of  sheep red blood cells (SRBCs) while animals were subjected 
to repeated stress and chronically treated with d-Fen or a pla- 
cebo. 

METHOD 

Animals and Housing Conditions 

Three-hundred and 84 male Sprague-Dawley rats from Iffa 
Credo France, initially weighing (at day 0) 263-301 g, were 
split into four groups of  96 animals, housed initially 8 per 
cage in two different rooms at 25+ I°C under a 12 L :  12 D 
cycle (light on at 0600 h). They had free access to food and 
water except during the stress sessions. 

Experimental Procedure 

The four groups were: nonstressed/vehicle-treated; 
stressed/vehicle-treated; nonstressed/d-Fen-treated; stressed/ 
d-Fen-treated. To prevent any risk of  interference between 
stressed and nonstressed rats (37), the groups were placed in 
different rooms. On day zero, after the first d-Fen or placebo 
administration rats were immunized by an IP injection of  1 
ml of  a 2o70 solution of  SRBCs dissolved in saline (stock solu- 
tion at 500/0, Biomerieux, France). From days 0-28, rats of  
the two d-Fen-treated groups received at 0830 h a dally IP 
5-mg/kg injection of  d-Fen HCI (Servier, Neuiily, France) 
dissolved in saline (5 mg/ml)  0.5 h before the stress procedure. 
Vehicle-treated rats served as controls and received an isovo- 
lumic injection of  saline. From days 0-20, stressed rats were 
subjected to three types of  stresses in turn: Cold stress con- 
sisted of  immersion by groups of  6 rats in cold water (150-200 
mm deep) at + 8 ° C  for 5 rain; heat stress consisted of  placing 
10 rats for 20 min in a heat box with a floor temperature 
at 44+ 1 °C (close to the thermal pain threshold) and with 
surrounding temperature at 33 + 1 °C; rats could avoid the hot 
floor by climbing onto an insulated surface, from where they 
were regularly brushed off  by a rotating bar (this procedure 
introduced competition between rats for access to the cool 
surface); immobilization stress consisted o f  maintaining rats 
in cylindrical boxes (65 mm diameter) for 60 min at room 
temperature. On odd days, rats were subjected to the heat and 
immobilization stresses. On even days, rats were subjected to 
the cold stress. 

Body weight, food intake (after collection of  spillage), and 
water intake were recorded daily before the stress sessions, at 
0830 h. To avoid further stress induced by blood sampling, 
blood samples were obtained by decapitation of  12 rats out of 
each group on days 0, 4, 8, 16, 20, and 28 for assay of  anti- 
body titer, hematocrit, and corticosterone. To ensure that all 
animals were free of  SRBC antibodies, the first blood samples 
were taken on day 0 before injection of  the antigens. Because 
corticosterone levels reach a peak 30 min after the start of  the 
stress and remain high for the following 4 h (33,35), to obtain 
optimal values for the plasma corticosterone levels animals 

were killed 1 h after d-Fen or vehicle injection and for stressed 
animals about 45 min after the cold stress. 

The blood samples were immediately centrifuged for 15 
rain at 2,500 rpm, then decanted and stored at - 2 0 ° C  until 
analysis. Hemagglutination titers were determined on microti- 
ter plates, and the highest dilution producing hemaggiutina- 
tion was taken as the antibody titer. Two semiquantitative 
methods were employed: direct agglutination and the indirect 
method of  Coombs. The minimum dilution was 1/10 for the 
Coombs method and 1/5 for the direct agglutination method; 
subsequent dilutions were 1/2. Plasma corticosterone levels 
were measured on days 0 and 12 with a radioimmunological 
kit using a dog transcortin serum without extraction of  stan- 
dard or plasma (kit 3H-cortisol, CPB BioM6ricux, France). 
The sensitivity of  the assay was 100 pg/tube.  The intra- and 
interassay coefficients of  variation were 4.5 and 13%, respec- 
tively. Cross-reactivities were: corticosterone 19%, progester- 
one 26O70, 1 l-deoxycorticosterone 31 o7e, 11-deoxycortisol 17O70, 
and hydroxyprogesterone 92O70. 

Statistical Analysis 

The data for body weight, food intake, drinking, and corti- 
costerone levels were subjected to a three-way analysis of  vari- 
ance [(ANOVA) drug condition, stress condition, and days], 
followed by a Newman-Keuls test for intergroup compari- 
sons. A probability value of  0.05 was used as the level of  
significance. The antibody responses were expressed in a 
graded manner, the minimum dilution being ranked as 1, and 
the ranked data of  different groups were compared by 
ANOVA. 

RESULTS 

Food intake 

Both stress and d-Fen treatment significantly reduced food 
intake (Fig. 1) [ANOVA from days 0-20: stress effect, F(A) 
= 554.53, p < 0.001; d-Fen effect, F(B) = 345.32, p < 
0.001; day effect, F(C) = 26.01, p < 0.001]. For both the 
stressed and nonstressed groups, the effect of  d-Fen on food 
intake was in line with the usually observed pattern. The maxi- 
mal effect of the drug occurred on the first day (non-stressed 
rats: d-Fen 15 + 2 g vs. vehicle 24 =t: 2g; stressed rats: d-Fen 
14 + 2g vs. vehicle 21 + 2g), then declined, and by the end 
of  the treatment period (day 28) the intake of  d-Fen-treated 
rats had reached that of  the control rats. Treated animals did 
not show any overconsumption after the end of  the d-Fen 
treatment. Stress also induced an anorectic effect, and it is 
worth noting from Fig. 1 that in d-Fen treated groups as well 
as in the placebo groups the reduction of  food intake induced 
by the stress progressively increased during the stress period, 
an effect confirmed by a significant interaction between stress 
and time [ANOVA from days 0-20: interaction term between 
stress and time, F(AC) = 6.28, p < 0.001]. This stress ano- 
rectic effect disappeared immediately after the end of  the 
stress-period. Figure 1 shows the potentiation of  the anorectic 
effects of  stress and d-Fen on food intake, confirmed by a 
significant interaction of  these two factors [ANOVA, F(AB) 
= 44.11,p < 0.001]. 

Water Intake 

Stress and d-Fen had opposite effects on drinking behav- 
ior: Stress from days 0-20 significantly reduced water intake 
[stress effect, F(A) = 162.86, p < 0.001], and its effect in- 
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FIG. 1. Mean daily food intake of rats receiving, from days 0-28, 5 
mg/kg dexfenfluramine (dF) or placebo (Pl) and submitted (S) or not 
submitted (NS) to daily stress sessions from days 0-20. 

creased throughout the stress period [day effect, F ( C ) =  
8 .97 ,p  < 0.001; interaction, F(AC) = 4 .11 ,p  < 0.001]; d- 
Fen increased water intake, F(B) = 187.01, p < 0.001, with 
a peak on the first day (nonstressed rats, d-Fen 62 =1= 16 ml 
vs. vehicle 37 + 4 ml; stressed rats, d-Fen 54 + 12 ml vs. 
vehicle 34 + 6 ml). This dipsogenic effect persisted until day 
28 for the two drug-treated groups. 

days 4-28, in contrast to d-Fen treatment, did not affect signi- 
ficantly rats' humoral immune response to SRBC [ANOVA: 
C o o m b s -  stress effect, F(A) = 2.34,p = 0.126; d-Fen effect, 
F(B) = 5.85, p = 0.016; days effect, F(C) = 68.94, p = 
0.000; agglut inat ion-stress  effect, F(A) = 1.54, p = 0.215; 
d-Fen effect, F(B) = 3.63, p = 0.056; day effect, F(C) = 
27.63,p = 0.000]. 

Corticosterone 

Figure 4 shows that the first session of  stress alone resulted 
in a massive corticosterone secretion. This response was ap- 

Body Weight 

Both d-Fen and stress caused significant weight loss 
[ANOVA from days 0-20: stress effect, F(A) = 1579.32, 
p < 0.001; treatment effect, F(B) = 667.33,p < 0.001; day 
effect, F(C) = 187.54, p < 0.001. The day effect results 
from the normal weight gain of  the rat. Figure 2 shows that 
the weight loss induced by stress alone was larger than the 
weight reduction caused by d-Fen alone. The effect of  stress 
increased with time and was significant from day 12 to the 
end of  the stress period, but disappeared as soon as the stress 
ended. The stress-d-Fen-treated group had the greatest weight 
reduction, which indicates that the weight-reducing effects of  
both factors were cumulative. At the end of  the stress period 
(day 20), the mean body weights of  the four groups were all 
significantly different (Newman-Keuls, p < 0.05). Five weeks 
after the end of  the stress period, the reduction in body weight 
induced by stress was no longer significant, and had totally 
disappeared by the end of  the experiment (day 63). The drug 
effect was sustained throughout the 28-day administration, 
and d-Fen-treated rats still had a significant deficit ( - 2 0  g) 
on the last week of  the study [A_NOVA from days 57-63, F(B) 
= 19.90,p < 0.001. 

Antibody Titers 

Assays on day 0 confirmed the lack of  previous immu- 
nization. Data shown in Figure 3 indicate that stress from 
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FIG. 3. Mean sheep red blood cell (SRBC) antibody titers, assessed 
by the Coombs' and direct hemagglutination methods, 0, 4, 8, 12, 16, 
20, and 28 days after immunization in rats treated from days 0-28 
with 5 mg/kg dexfenfluramine (dF) or placebo (Pl). Because stress 
did not induce any significant effect on the humoral immune re- 
sponse, stressed and nonstressed groups were pooled. 
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FIG. 4. Plasma corticosterone levels on days 0 and 12 of rats receiv- 
ing, from days 0-28, 5 mg/kg dexfenfluramine (dF) or placebo (P1) 
and submitted (S) or not submitted (NS) to daily stress sessions from 
days 0-20. Colomns with different letters are significantly different 
(Newman-Keuls test, p < 0.05). 

proximately halved on the 12th day of  stress. Acute d-Fen 
injection was also followed by a massive corticosterone secre- 
tion in nonstressed rats. When associated with stress, d-Fen 
did not amplify this secretion on the first day. Twelve days 
of  d-Fen treatment resulted in a significant reduction in the 
corticosterone response in stressed animals (Newman-Keuls 
test, p < 0.05). 

Hematocrit 

ANOVA did not detect any effect of  stress or d-Fen on 
hematocrit. 

DISCUSSION 

The present results confirm the well-known effects of  stress 
and d-Fen on ingestive behavior, body weight, and corticoste- 
rone secretion. They afford a new insight into the relation 
between these effects and the immune response. 

It is known that a mild stress, like tail pinch, stimulates 
food intake (3,32), whereas an intense stress leads to weight 
loss (26). In the present study, the intense stress reduced food 
intake and weight gain. This stress-induced anorexia can also 
account for the associated reduction in water intake. As 
shown by numerous workers, dexfenfiuramine also reduced 
food intake and body weight (43). On the other hand, it had a 
direct dipsogenic action, an effect that Rowland et al. attrib- 
uted to activation of  the peripheral renin-angiotensin system 
(42). It is worth noting that, although d-Fen alone induced a 
smaller weight loss than stress alone ( - 7 %  vs. - 15% at day 
20), rats that received d-Fen still had a significantly lower 
body weight ( - 2 0  g) 5 weeks after the end of  the treatment 
(day 63). This permanent weight reduction after d-Fen treat- 
ment confirms our previous observations (17) and indicates 
that the reduction in food intake induced by this drug may 
involve a different mechanism from the one induced by stress. 
It may result from the effect of  d-Fen on body weight regula- 

tion, as the drug has been shown to reduce the set-point of  
this regulation (18). 

Stress and d-Fen may share a common mechanism of  ac- 
tion on food intake, involving CRF and 5-HT. Stress like 
d-Fen increases hypothalamic 5-HT turnover (6), and Shimuzi 
et al. (46) demonstrated that methysergide, a 5-HT antagonist, 
prevents the anorexia induced by immobilization in rats. In 
rats, a release of  CRF accompanies the anorexia induced by 
d-Fen (22). Stress activates the hypothalamic-pituitary-adre- 
nocortical axis by a mobilization of  CRF (40), and it is well 
established that CRF has anorectic activity (8,31) that is re- 
versed by the CRF antagonist u-helical CRF (27). Moreover, 
CRF like 5-HT reduces the preference for carbohydrates (30). 
Although CRF remains active in hypophysectomized animals, 
its metabolic effects are attenuated by adrenalectomy, show- 
ing that they depend more upon catecholamines than upon 
corticoids (40). 

Acute d-Fen raised plasma corticosterone levels in non- 
stressed rats. Such an increase has been attributed to hypo- 
thalamic 5-HT secretion (7,44). This increase was not further 
augmented in stressed rats as stress-induced corticosterone se- 
cretion was likely to be already at a maximum. In contrast, 
chronic d-Fen treatment resulted in a nonsignificant reduction 
in the corticosterone response to stress. These results are in 
accordance with previous reports (7,12,44,45) and point to an 
action of d-Fen on the hypothalamie-pituitary-adrenocortical 
axis. Because of  its 5-HT-agonist activity, d-Fen facilitates the 
release of  hypothalamic CRF, leading to increased secretion 
of  ACTH and corticosterone. 

The most striking finding was that intense and repetitive 
stress for 20 days did not affect antibody production, al- 
though it led to a huge increase in corticosterone secretion. 
This observation would appear to go against the widely held 
view that stress has immunosuppressing effects (38). Habitua- 
tion of rats to stressor may have reduced their response (4,25). 
However, it has been shown that habituation is specific to 
the type of stress applied (35) and depends upon duration, 
intensity, and interval between two sessions (14,34,37). In the 
present experiments, habituation was minimized by alternative 
application of  stresses of  various types and durations. The 
still large, and even increased, hormonal response after 12 
days of  stress and the persistence of  the stress effect on ingest- 
ive behaviors throughout the stress period indicate that habit- 
uation was not the cause of  the lack of  a stress effect on the 
immune response. 

Recent studies indicated that stress preferentially reduces 
the response of T immunocompetent cells (15). For example, 
Chaynth et al. (13) found that male rats in an environment of 
35 °C had a reduced cellular immune response but an increased 
antitetanus immunoglobulin titer. Calabrese et al. (9) reported 
a reduced reactivity to stimulation by phytohemagglutinin 
(PHA) of  lymphocytes from stressed rats. A biphasic action 
of  stress on the immune response has also been described. 
In general, an acute stress lowers the humoral and cellular 
responses characterizing the alarm phase, while repeated stress 
results in an opposite effect, that is, an increase in the immune 
response (23,49). In the present study, the absence of  reduced 
antibody production to stress, despite increased secretion of  
corticosterone, tends to rule out a role for the corticotropic 
axis in the humoral response to stress. 

In contrast to stress, antibody production was somewhat 
lower in rats receiving 5 mg/kg d-Fen (stressed and non- 
stressed). This result is not in agreement with the in vitro 
study of  Petrovic et al. (36) showing that the response of B 
lymphocytes from 21-month-old female rats to lipopolysac- 
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charities was increased by oral treatment with d-Fen (0.6 mg/  
kg). No change was observed in 5-month-old rats. But, this in 
vitro study did not take into account interactions existing in 
the whole organism. On the other hand, a reduced humoral 
immune response is not incompatible with an increased cellu- 
lar response and will not necessarily lead to a global reduction 
in immune defenses. Moreover, it has been shown that the 
deleterious effect of  5-HT on the immune response results 
primarily from a direct peripheral action on immunocompe- 
tent cells hearing 5-HT receptors (19,20,28). It should be 
borne in mind that the serotoninergic agonist action of  d-Fen 
is essentially at the central level, which could explain its weak 
inhibiting effect on the peripheral immune response. 

In view of the interindividual variations in the antibody 

titers and large doses of  drug employed in the present study, 
it is unlikely that the slight reduction in antibody titers ob- 
served in treated rats would be large enough to impair animals' 
defences against infections. 
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