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MAJEED. N. H., W. LASON, B. PRZEWEOCKA AND R. PRZEWEOCKI. hlvoh'em¢'Jlt qle/ldo:,,emms ol)ioidpel~tide,~ 
i~ ,l~'n,/luramine am*re.via. PHARMACOL BIOCHEM BEHAV 25(5) 967-972, 1986.--The effect of chronic fenfluramine 
(20 mg/kg, once daily)injections on the brain and peripheral immunoreactive (Jr) dynorphin (DYN), alpha-neoendorphin 
(ANEO) and beta-endorphin IBE) was studied in rats. Fenfluramine injected repeatedly for 5 and 9 days induced anorexia. 
In the same animals there were no significant changes in the ir-DYN and ir-ANEO contents in the brain and pituitary. 
However. the ir-DYN and ir-ANEO contents in the gaslrointeslinal tract (duodenum) were markedly decreased after 5 and 
9 da~s of fenlluramine iniection. In contrast to ir-DYN and ir-ANEO, there was an increase in the hvpothalamic and a 
decrease in the anterior lobe of pituitary Jr-BE content. There was no significant change in the neurointermediale IN l) lobe 
of the pituitary. The results of our study suggest that part of the fenfluramine anorexia may be mediated by the peripheral 
prodynorphin and central beta-endorphin systems. 
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R E P E A T E D  admin i s t r a t ion  of  fenf lu ramine  leads to pro- 
g ress ive  changes  in its e f fec t iveness ,  in reduc ing  food in take ,  
bo th  in an imal s  and  man I l l ,  24, 261, To l e r ance  has  been  
repor ted  to deve lop  towards  the anorec t i c  effect  of  
fenf lu ramine .  The  m e c h a n i s m  by which  fenf lu ramine  in- 
duces  ano rex ia  is not well known ,  but  many  s tudies  s h o w e d  
that  the ability of  the drug to re lease  5-HT is p robab ly  the 
most  impor t an t  neu rochemica l  even t  re la ted  to this  be- 
hav ioura l  effect  of  f enf lu ramine  [4, 8, 10,351. H o w e v e r ,  the 
m e c h a n i s m s  by which  to le rance  towards  the  fenf lu ramine  
ano rex i a  deve lops  still remain  unclear .  

An e lewt t ion in the Jr-BE and  i r -Met -enkepha l in  levels  in 
the h y p o t h a l a m u s  wits repor ted  in chron ica l ly  fenf luramine-  
t rea ted  rats  [6, 7, 16]. H o w e v e r ,  there  are no da ta  c o n c e r n i n g  
the i nvo lvemen t  of  d y n o r p h i n / a l p h a - n e o e n d o r p h i n ,  the  two 
e n d o g e n o u s  opioid pept ides  which  are der ived  f rom the same 
p r o d y n o r p h i n  p r e c u r s o r  1191 and are d i s t r ibu ted  in a parallel  
m a n n e r  in the cent ra l  and  per iphera l  n e r v o u s  s y s t em s  in rats  
[29]. We found previous ly  tha t  acute  fenf lu ramine  in jec t ions  
in ra ts  i nduced  a d o s e - d e p e n d e n t  i nc rease  in the  b ra in  
b e t a - e n d o r p h i n  and  a d e c r e a s e  in the  gut  ( d u o d e n u m )  
d y n o r p h i n / a l p h a - n e o e n d o r p h i n  levels  [27J. A vast  body  of  
e v i d e n c e  suggests  tha t  op ia tes  and e n d o g e n o u s  opioid pep- 
t ides may play an impor t an t  role in the regula t ion  of  appet i te  
[15, 28, 30, 32]; m o r e o v e r ,  s ince opia tes  c lear ly  modify the 
se ro tonerg ic  m e c h a n i s m s  [31], a ques t ion  ar i ses  w h e t h e r  en- 
dogenous  opioid pept ides  may par t ic ipate  in the fenflur-  
amine - induced  anorex ia .  

METHOD 

Male Wis ta r  rats weighing  200-220 g were  housed  unde r  a 
12:12 l ight :dark  cycle wi th  the dark  at 6 p .m.  and  kept  on a 
feeding schedule  which  a l lowed fl-ee access  to the  usual 
dry-pel le t  diet  f o r 4  hours  a day (from 10 a .m.  to 2 p.m.) .  The  
body weight  and food intake were  m e a s u r e d  daily,  and the 
an imals  were  then  divided into six groups ,  e ach  cons i s t ing  of  
at least  10 animals .  Three  g roups  of  rats were  t rea ted  with 
0.9c7; NaCI for 5, 9 and 14 days ,  and the o the r  three  groups  
were  in jected in t raper i tonea l ly  t iP)  with  fenf lu ramine  (Les  
Labo ra to r i e s  Serv ie r  France) ,  20 mg/kg, for 5, 9 and 14 days .  
Af ter  the last inject ion of  e i t he r  saline or  f enf lu ramine ,  the 
food intake (in grams)  was m e a s u r e d  for  2 hours  and the 
same an imals  were killed by decap i ta t ion  for b iochemica l  
assays .  The  h y p o t h a l a m u s ,  pi tui tary and d u o d e n u m  were 
rapidly r emoved ,  weighed  and then incuba ted  in 0.1 N HC1 
at 95°C for  10 rain. After  homogen iza t i on  the h o m o g e n a t e s  
were  cent r i fuged  at 10.000 g for  15 min and the s u p e r n a t a n l s  
were  ad jus ted  to pH 7.5. After  fu r the r  cen t r i fuga t ion  the 
a l iquots  of  the s u p e m a t a n t s  were  appropr ia te ly  di luted and  
a s sayed  for i m m u n o r e a c t i v e  be t a - endo rph in ,  d y n o r p h i n  and 
a l p h a - n e o e n d o r p h i n .  

lodination Procedure 

The  pep/ ides  were  iodina ted  with Na v-'al using the 
c h l o r a m i n e - T  me thod .  F ive /xg  of  the syn the t i c  pept ide  were  
di luted in 50/,tl of  0.5 M p h o s p h a t e  buffer ,  pH 7.d, and were  

'A post-graduate student at the Department of Pharmacology, Mosul University, Mosul, h-aq: at present working for his Ph.D. degree at the 
Institute of Pharmacology, Polish Academy of Sciences. 

2Requests for reprints should be addressed to R. Przewlocki. 
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FIG. 1. Effect of chronic fenfluramine (20 mg/kg) injections on the 
increase in body weight in the rat. Significant differences between 
the control and fenfluramine-treated rats are evident on day 4 on- 
ward s. 
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FIG. 2. Effect of repeated fenfluramine I20 mg/kg) injections on the 
food intake (expressed as grams per a 2-hour period) in the rat. 
Values represent means+SEM of at least 10 animals per group. 
**p<0.01, Duncan lest. 

T A B L E  1 

THE EFFECT OF CHRONIC FENFLURAMINE (20 mg/kg) INJECTIONS ON THE [MM UNOREACTIVE 
DYNORPHIN AND ALPHA-NEOENDORPHIN CONTENTS IN THE HYPOTHALAMUS, 

NEUROINTERMEDIATE (NI) AND ANTERIOR LOBES OF THE PITUITARY IN THE RAT 

Treatment Hypothalamus NI-pituitary Anterior pituitary 
(days) (pmoles/g) (pmoles/g) (pmoles/g) 

ir-dynorphin 
0 34.6 ± 2.5 1332.1 ÷ 114.5 97.6 _+ 9.3 
5 35.9 _+ 1.8 1201.9 ± 139.0 83.0 _+ 5.5 
9 32.0 +_ 4.3 1467.0 _+ 100.0 89.8 ± 9.8 

14 36.3 _+ 3.0 1450.0 ± 108.0 91.7 ± 6.3 

ir-alpha-neoendorphin 
0 91.2 ± 4.4 1967.0 ± 138.0 112.7 ± 5.3 
5 96.3 + 7.6 1796.0 ± 126.0 97.8 ± 6.2 
9 92.9 ± 4.1 2121.0 ± 107.0 109.5 + 8.1 

14 95.7 + 3.5 2052.0 ± 117.0 106.8 ÷ 5.8 

Values represent means + SEM of at least 8 animals per group. 

put into a conical  vial which conta ined  one millicurie of  Na 
~25I. Then 10 /zl o f  0.2% chloramine-T solution in 0.05 M 
phospha te  buffer,  pH 7.4, were  poured  into the vial. The 
mixture was gently shaken for 30 sec and the react ion was  
s topped  with 10 ttl o f  a 0.2% sodium metabisulf i te  solution.  

The labeled pept ide  was purified by gel filtration on a 
co lumn (0 .9x20 cm) of  Bio Gel P4, 200-400 mesh .  The pep- 
tide was  eluted with acetic  acid containing 0.1% bovine 
se rum albumin to p reven t  pept ide  adsorpt ion .  The range of  a 
specific activity of  the iodinated pept ide  was 300-600 
Ci /mmole .  

Genera t ion  oJ  An t ihod ie s  

Ant ibodies  against a lpha-neoendorph in  ( " A g a t h e " ) ,  
dynorph in  ( " G o l d y " )  and be ta -endorph in  ( " D A " )  were  de- 
ve loped by dissolving 4.5 mg o f  pept ide  and 25.0 mg of  thy- 

roglobulin in 4 ml of  distilled water ,  and cooled at 0°C. Two 
and a half  mg of  carbodi imide ,  d issolved in 0.5 ml of  water ,  
were  added to the above mixture and stirred overnight  at 
0°C. After  an exhaus t ive  dialysis against 0.9c~ NaCI the con- 
jugated  pept ide  was lyophil ized.  The conjugated pept ide  was 
emulsif ied with F reu n d ' s  comple te  adjuvant  and injected 
int radermal ly  at multiple sites on the back of  two male New 
Zealand white rabbits.  After  an initial dose  of  1.5 mg the 
rabbits  were boos ter - in jec ted  with 0.5 mg immunogen  each 
at 3-week intervals.  Four teen  days  after the last injection the 
animals  were  test bled, and the ant iserum of  the animal 
which  proved to have the highest  t i ler and sensit ivi ty was 
used to t  a r ad io immunoassay  de termina t ion  of  the peptide.  

R a d i o i m  munoa,~sa v (RIA)  Procedures  

The dynorphin  RIA was per formed with the ant iserum 
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TABLE 2 

THE EFFECT OF CHRONIC FENFLURAMINE (20 mg/kg) INJECTIONS ON THE IMMUNOREACTIVE 
BETA-ENDORPHIN CONTENT IN THE HYPOTHALAMUS, NEUROINTERMEDIATE (NI) AND 

ANTERIOR LOBES OF THE PITUITARY IN THE RAT 

Treatment Hypothalamus NI-pituitary Anterior pituitary 
(days) (pmoles/g) (nmoles/g) (nmoles/g) 

0 19.4 +_ 1.8 385.7 _+ 50.0 21.2 + 1.45 
5 26.7 _+ 2.0* 391.1 - 62.0 16.1 + 0.4* 
9 18.4 _+ 1.4 365,5 +_ 58.0 19.6 _+ 1.9 

14 19.6 + 1.6 371,8 + 49.5 20.8 _+ 1.7 

Values represent means + SEM of at least 8 animals per group. 
*p<0.05, Duncan test. 
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FIG. 3. Effect of repeated fenfluramine (20 mg/kg) injections on the 
ir-DYN and ir-ANEO contents in the rat duodenum. Values repre- 
sent means+SEM of at least 8 animals per group. *p<0.05, 
**p<0.025, Duncan test. 

directed against the synthetic porcine dynorphin A~ ,:,, ac- 
cording to the procedure described previously [18]. Dynor- 
phin A exhibited the same cross-reactivity as dynorphin 
A, ~:~. The antiserum exhibited a negligible avidity for dy- 
norphin A~ ~, alpha-neoendorphin, /3-neoendorphin, Leu- 
enkephalin and beta-endorphin. 

The alpha-neoendorphin RIA was performed with the 
antiserum directed against synthetic alpha-neoendorphin, as 
described previously [29]. The antiserum recognized alpha- 
neoendorphin and /3-neoendorphin with a high avidity, but 
did not cross-react with dynorphin A, Met-enkephalin or 
Leu-enkephalin and beta-endorphin. 

The beta-endorphin RIA was performed as described 
previously I171. The antiserum recognized beta-endorphin 
but did not cross-react with Leu-enkephalin, dynorphin A or 
alpha-neoendorphin. Assays were carried out in Eppendorf 
tubes (1.5 ml); the incubation mixture consisted of 50 ttl of 
the neutralized tissue extract (pH 7.4) or standard solution, 
100 ~1 of the antiserum against alpha-neoendorphin (final 
dilution 1:15000), dynorphin (final dilution 1:50000) and 
beta-endorphin (final dilution 1:100000), 50 /zl of the ~2aI- 
labeled ligand, all of  them diluted to a final volume of 0.5 ml 
of "buffer  D.'" The mixture was equilibrated at 4°C for 20 
hours for alpha-neoendorphin and dynorphin, and for 48 

hours for beta-endorphin; afterwards antibody-bound pep- 
tides were separated from the unbound peptides by adding 
500 #1 of a mixture containing 1% charcoal and 0.5% bovine 
serum albumin in the RIA buffer. After vortexing for 5 sec 
the suspension was allowed to stand for 10 rain and was 
centrifuged for 3 rain at 3000 g. The radioactivity was meas- 
ured in the supernatant. 

The Gel filtration chromatography was performed with a 
sephadex G-50 superfine column (0.9x50 cm), eluted with 2 
N of acetic acid containing 0.1% bovine serum albumin, at a 
flow rate of 4.8 ml/hr at 4°C. Fractions of 700/xl were col- 
lected, lypophilized, redissolved in 350 ttl of RIA-buffer, and 
aliquots were assayed for ir-dynorphin. The recovery of the 
synthetic peptide from the column was 9ff71. 

Statistical Analysis 

The data were analyzed by the ANOVA and the signifi- 
cance is indicated by the Duncan test. 

RESUI.TS 

Since control groups treated with saline for 5, 9 and 14 
days showed no significant differences, they were pooled as 
one control for the statistical analysis. 

Figure 1 shows the body weights of rats after daily injec- 
tions of  saline or fenfluramine, 20 mg/kg, for 14 days. The 
body weights of rats receiving fenfluramine increased at the 
rate slower than those of the control animals. Figure 2 shows 
the effect of chronic fenfluramine, 20 mg/kg, injected for 5, 9 
and 14 days, on the food intake (g/2 hr). There was a signifi- 
cant reduction in the food intake following fenfluramine in- 
jection for 5 and 9 days, F(3,46)=12.5, p<0.01,  however', 
tolerance towards the anorectic effect of fenfluramine was 
observed 14 days after the drug injection, as the 
fenfluramine-treated rats consumed the same amount of food 
as the saline-treated ones. 

In the same animals the levels of ir-DYN, ir-ANEO and 
it-BE were differentially affected by chronic treatment. 
There were no significant changes in the brain and pituitary 
ir-DYN and ir-ANEO contents after 5, 9 and 14 days of 
fenfluramine treatment (Table 1). However,  a time-depend- 
ent decrease in the duodenal content of ir-DYN and ir- 
ANEO, F(3,47)=2.59 and F(3,41)=3.67, p<0.05,  respec- 
tively, was observed (Fig. 3). There was a significant in- 
crease in the hypothalamic and a decrease in the anterior 
lobe of  the pituitary ir-BE content after 5 days of  
fenfluramine treatment, F(3,50)-2.46 and F(3,50)-1.57, 
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FIG. 4. Sephadex G-50 superfine column chromatography of a duodenal extract 
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rats. The dynorphin immunoreactivity in the assay was calculated in femtomolcs 
per fraction. 

p<0.05,  respectively, while no significant change in the NI- 
pituitary was found (Table 2). In the animals tolerant 
towards the anorectic effect of fenfluramine the levels of 
those peptides were also normal in the brain, pituitary and 
gut. 

The immunoreactive dynorphin measured by the RIA in 
the duodenum of saline- and fenfluramine-treated rats was 
further characterized using a sephadex G-50 superfine col- 
umn. Fractions of the eluates were radioimmunoassayed 
with antisera directed towards dynorphin. There were sev- 
eral small immunoreactive peaks, but the domimmt one had 
its elution volume similar to that of the synthetic dynorphin 
(1-17) (Fig. 4). In the duodenum of fenfluramine-treated rats 
immunoreactive peaks were smaller than those in saline- 
treated rats. 

DISCUSSION 

The present study indicates that anorexia induced by a 
chronic fenfluramine treatment is correlated with a decrease 
in the peripheral dynorphin/alpha-neoendorphin and, to a 
lesser extent, with an increase in central beta-endorphin 
levels. 

We observed previously that an acute fenfluramine 
treatment induced a dose-dependent decrease in the 
duodenal ir-DYN content [27]. Since we found that there 
was a time-dependent decrease in the duodenal content of 
ir-DYN and ir-ANEO after a chronic fenfluramine treat- 
ment, it might be speculated that the decreased level of these 
peptides in the gastrointestinal tract indicates their enhanced 
release from the gut. Recently we found that fenfluramine 
enhanced the release of ir-DYN from the duodenum in vitro 
(unpublished data). It is well known that dynorphin is pres- 
ent in the periphery [37], and is the most potent opioid pep- 
tide found there in comparison with other opioids [14]. As 
opioid and serotonin interactions were reported to occur in 
the periphery [3, 13, 34], we assumed that at least part of the 
fenfluramine anorexia might be mediated by dynorphin and 
related peptides. This is most probably due to the stimulation 
of gastrointestinal opiate receptors [1], and hence results in 
delaying the gastric emptying [5, 9, 36] and inhibiting the 

upper gastrointestinal peristalsis [22,23]. These changes in 
the gastrointestinal physiology may mediate some satiety 
signal that link up the gut with the brain through the vagus 
and sympathetic nerves. Moreover, the effect of opioid pep- 
tides on some gut peptides, such as gastrin and CCK. which 
were involved in the peripheral control of the food intake 
should not be excluded. Since opioid peptides were reported 
to affect the release of the gut gastrin and CCK [20,211, 
fenfluramine enhanced the release of the duodenal 
dynorphin/alpha-neoendorphin which, in turn, could influ- 
ence the release of CCK which is recognized peripheral af- 
fecting appetite [12]. 

In contrast to ir-DYN and ir-ANEO, there was a signifi- 
cant increase and a decrease in the Jr-BE content in the 
hypothalamus and anterior pituitary, respectively, after 5 
days of fenfluramine treatment. In accordance with our data, 
some other authors reported an elevation in the hypotha- 
lamic content of ir-BE and also ir-Met-enkephalin in rats 
treated chronically with fenfluramine [6, 7, 16]. Since we 
observed an increase in the hypothalamic and a decrease in 
the anterior pituitary Jr-BE after both acute 127] and chronic 
(this study) fenfluramine treatment, it may be speculated that 
the increased and decreased hypothalamic and anterior pitui- 
tary ir-BE concentrations, respectively, may result from inhibi- 
tion of the brain and stimulation of the anterior pituitary BE 
release. 

A vast body of evidence indicates that serotonin plays an 
inhibitory role in the food intake [2, 25, 331. Since endoge- 
nous opioid peptides enhance feeding when injected cen- 
trally [15.28], we assumed that part of the fenfluramine 
anorexia may be due to inhibition of the brain and stimula- 
tion of the pituitary BE release. If the release of an excessive 
amount of Jr-BE fi-om the anterior pituitary is involved in the 
chronic fenfluramine anorexia, a logical target of this effect 
is stimulation of opiate receptors in the gastrointestinal tract 
Ill. It is noteworthy that an intracerebroventricular injection 
of a methionine enkephalin analogue reverses the suppres- 
sive effect of the serotonin agonist quipazine on the tail 
pinch-induced feeding 133]. This indicates that endogenous 
opiates play some role in maintaining the feeding drive, and 
that serotonergic-opiate interactions on the satiety processes 



OPIOID P E P T I D E S  A N D  F E N F L U R A M I N E  A N O R E X I A  971 

should be cons idered .  To le rance  towards  the anorec t ic  effect  
o f  fenf luramine was  deve loped  after 14 days  o f  drug injec- 
tion, as the fenf luramine- t rea ted  rats c o n s u m e d  the same 
amount  of  food in compar i son  with the sal ine- t reated ones .  
In the same animals the levels o f  i r -DYN, i r -ANEO and 
Jr-BE were  back to normal ,  which testif ies that  these  pep- 
t ides may play some role in the chronic  fenfluramine 
anorexia .  

In conclus ion ,  the present  and our  previous  finding show 
that endogenous  opioid pept ides  in the brain and per iphery  
are differentially and independent ly  modula ted  by acute and 

chronic  fenf luramine t rea tment .  Moreover ,  the part o f  
anorexia  induced by fenf luramine t rea tment  may be 
media ted  by act ivat ion of  the peripheral  (gut) p rodynorph in  
and,  to a lesser  ex ten t ,  by inhibition of  the brain and stimu- 
lation of  the pituitary be ta -endorph in  sys tems .  
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