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HUNSINGER, R N AND M C WILSON AIteranon of the neurochemwal effects offenfluramme by prevtous treatment 
wuh d-amphetamine PHARMACOL BIOCHEM BEHAV 22(1) 127-134, 1985 - - I t  was found in an earher study that a 
15-day IP subacute d-amphetamine treatment rendered an apparent " tolerance" to the food intake suppressant effects of 
fenfluramme The purpose of the present study was to determine ff the neuronal substrate on which fenfluramlne sup- 
posedly acts to produce a decrement m food consumption was altered by the previous treatment with d-amphetamine. The 
time course effects (0--90 mln) of a single IP rejection of 10 mg/kg fenfluramme on brain monoamines in sahne-treated rats 
included a slgmficant lowering of serotonm in all brain regions examined Although the serotomn depleting actions of 
fenfluramlne m the d-amphetamme-treated rats generally paralleled those seen m the sahne group 0 e ,  as in the hypothal- 
amus), no such effects were noted m regions where basehne values (see below) were already lowered by d-amphetamine 
treatment 0 e ,  pons-medulla, thalamus, and substantla mgra) Noreplnephnne and dopamme depletions were observed m 
the pons-medulla and hypothalam~c areas after fenfluramme administration m the saline-treated rats, but fenfluramme 
caused no decreases m hypothalamlc dopamme or m pons-medulla and hypothalamlc norepmephnne content m rats 
previously treated with d-amphetamine Analys~s of the basehne amine levels (i e ,  values m the d-amphetamine and 
sahne-treated rats before fenfluramme was given) mdtcated that the repeated d-amphetamine treatment generally lowered 
noreplnephnne in most bram regions, serotonm in the pons-medulla, substantla mgra and thalamus, and dopamme m the 
stnatum The overall results of this study suggest that the anorectlc tolerance conferred toward fenfluramme by previous 
subacute treatment w~th d-amphetamine does not result from a d-amphetamine related change m hypothalamic biogemc 
amines 
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T H E R E  are repor t s  sugges t ing  tha t  f en f l u r am m e  and  
d - a m p h e t a m i n e  ehc i t  the i r  anorec t l c  effects  by  di f ferent  
m e c h a n i s m s ,  f en f lu ramme  be ing  pr imardy  se ro tonerg lc  and  
d - a m p h e t a m i n e  ac t ing  main ly  th rough  noradrenerg~c sys- 
t ems  [3, 4, 12, 17, 31] G a r a t t m l  [13] in a rev iew of  ano rex tc  
agents  succ inc t ly  p re sen t s  the  ev idence  for  a d is t rac t  mode  
of  ac t ion  for  e ach  of  the  two drugs  

Because  o f  the d~fferences m neu rona l  subs t r a t e s  re- 
vo lved  m the  anorec t i c  ac t ion  of  these  agents ,  theore t tca l ly  
p h a r m a c o d y n a m i c  c ros s - to l e r ance  b e t w e e n  the  two  drugs  
should  not  exis t  H o w e v e r ,  very  ht t le  in fo rmat ion  ~s avad-  
able at the  p resen t  t tme m regard  to the  poss ib lh ty  of  such  
c ros s - to l e r ance  Kande l  et al [19] and  L e w a n d e r  [21] have  
repor ted  tha t  no anorect~c c ross - to l e rance  ex is ted  b e t w e e n  
d - a m p h e t a m m e  and  f en f lu ramme,  but  m b o t h  of  these  
s tudies  the  tes t  c r i t e r ion  was b a s e d  upon  the  fact  tha t  
f e n f l u r a m m e ' s  effect  on  food retake a f te r  subacu te  
d - a m p h e t a m i n e  dos ing  was  no  di f ferent  than  af te r  subacu te  
s ahne  admin i s t r a t ion  A c lose r  exam i na t i on  of  the  Kande l  
and  L e w a n d e r  da ta  suggests  tha t  the  ef fec ts  of  f en f l u r amme  
fol lowing subacu te  d - a m p h e t a m i n e  were  indeed  less than  the  
food retake suppres s ion  seen  on  the  mltml day  of  

f en f l u r amme  t r e a t m e n t  in the  same group  A p rev ious  repor t  
f rom this  l abora to ry  [16] d e m o n s t r a t e d  tha t  15-day t r e a t m e n t  
wi th  d - a m p h e t a m i n e  r ende red  an  a p p a r e n t  anorec t l c  
to l e rance  toward  fenf lu ramlne  In tha t  s tudy,  
d - a m p h e t a m i n e  was  g iven  af te r  the  feeding  per iod  in o rde r  
to min imize  the  po ten t i a l  con t r i bu t ion  of  behav io ra l  
to le rance  [5,30]. The re fo re ,  it ts l ikely tha t  the  to l e rance  ob- 
s e rved  was  phar rnacok ine t l c  and /or  p h a r m a c o d y n a m l c  in na-  
ture .  The  purpose  o f  this  s tudy was  to d e t e r m i n e  If the  
neu rona l  subs t r a t e  on  wh ich  fenf luramlne  supposed ly  ac ts  to  
p roduce  a d e c r e m e n t  in food c o n s u m p t i o n  was  a l te red  by  
p rev ious  t r e a t m e n t  wi th  d - a m p h e t a m i n e  Par t icu lar ly  rele- 
van t  to this  in ten t  was  the 5-HT con t en t  of  the  hypo tha la -  
mus ,  an  a rea  be l ieved  to play a cri t ical  role in the  se ro toner -  
gic modu la t ion  of  feeding [15,23] 

METHOD 

Ammal Care and Housmg 

Male W l s t a r  ra ts  weighing  175-200 g, p u r c h a s e d  f rom 
Har l an  Indus t r i e s  (Cumber l and ,  IN),  were  used  m this  s tudy 
U p o n  arr ival ,  the  ra ts  we re  g roup -housed  (5-6 pe r  cage)  for  3 

1Currently m the Department of Biology, Samford Umverstty. Birmingham, AL 35229 
ZRequests for repnnts should be addressed to M C Wtlson 
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T A B L E  1 

THE TIME COURSE EFFECT OF AN IP DOSE OF FENFLURAMINE (10 MG/KG) ON SEROTONIN CONTENT (NG/G) IN VARIOUS BRAIN 
REGIONS OF RATS PREVIOUSLY EXPOSED TO REPEATED INJECTIONS OF SALINE (S) OR D-AMPHETAMINE (AM) 

Post-Fenfluramlne Injection Time (Minutes) 

0 30 90 

Treatment 
Brain Region S' AM ~ S AM S AM 

Cortex 15 05_ + 1 31 15 06_+ 3 21 10 23_+ 2 52 14 16_+ 3 33 4 14_+0 57t 4 71_+ 1 18t 
Pons-Medulla 77 38_+ 4 77 61 50_+ 6 68* 48 90_+ 2 68? 54 26_+ 3 56 46 46_+ 1 57t 52 26_+ 5 10 
Hypothalamus 98 03_+22 28 89 24_+21 09 47 50___ 6 02? 48 23_+11 89? 32 83_+4 81t 34 92_+ 3 53? 
Thalamus 139 84_+31 91 41 54_+13 99* 51 87_+18 85? 40 59_+ 8 38 ND ND 
Substantia N 123 74_+20 27 71 66_+14 08* 64 30_+12 31t 41 30-+10 55 38 51_+4 13t 34 90-+ 12 66 
Stnatum 87 93-+12 51 76 12-+11 48 54 35_+ 7 44? 51 92_+10 58t 35 14_+3 00t 39 26_+ 4 54? 
Amygdala 89 69_+ 12 83 74 23_+ 12 43 49 67_+ 5 16~ 44 28_ + 8 79+ 22 33-+6 19t 38 74-+ 4 44t 
H~ppocampus 66 35---16 05 70 87-+ 9 74 27 69_+ 6 22t 31 69_+ 6 06t ND ND 

~The abbreviation " S "  represents animals that received sahne (0 5 ml/day) for 15 days prior to fenfluramme (10 mg/kg) administration, 
whereas, " A M "  represents animals that had similarly received d-amphetamine (4 0 mg/kg) prior to the fenfluramme rejection Each value 
represents the mean of 5-8 determinations -+S E M 

*Indicates a significant difference between the S and AM groups at the respective samphng time via the paired Student's t-test (p~<0 05) 
tlndlcates a significant difference between serotonln content at a particular sampling t~me versus the "0"  time control value for that brain 

area  m the respective treatment group via the Duncan's Multiple Range Test (p~<0 05) 
N D  indicates  non-detec table  amine  l eve l s  

days,  during which t ime the ammal ' s  general  state of  heal th 
was assessed according to the guidelines set forth by Fox 
[10] Animals  displaying signs o f  disease or  s ickness were  
not  used In any of  the subsequent  phases o f  the study Feed-  
ing and dosing procedures  as well as housing condi t ions  dur- 
ing the exper iment  were the same as described previously [ 16] 

Drugs and Chemtcal Reagents 

Dext ro -amphe tamlne  sulfate (Dexedrine *) was gener-  
ously supplied by Smith,  Khne ,  and French  Labora tor ies  
(Philadelphia,  PA), while fenfluramine hydrochlor ide  was a 
gift f rom the A H Robins Company  (Richmond,  VA) Al- 
drich Chemical  Company  (Milwaukee,  WI) supphed 
ninhydrin and trlclne (N-[tris (hydroxymethyl) -methyl]  
glyclne) Alumina (activity grade I) was obtained from 
Alupharm Chemtcals  (New Orleans,  LA) F ,sher  Scientific 
Company  (Fair  Lawn,  N J) was the source o f  boric acid, 
hydrochlor ic  acid, mdlne,  N-heptanol ,  perchlorlc  acid, 
potass ium carbonate ,  potass ium hydroxide,  potass ium 
Iodide, sodmm chloride,  sodium hydroxide,  sodium phos- 
phate dibasic,  sodmm phosphate  monobas lc ,  sodium 
metablsulfate ,  sodium sulfite, and sulfuric acid Dopamlne  
hydrochlor ide ,  noreplnephrlne hydroch londe ,  and serotonln 
hydrochlor ide  were  purchased  from Sigma Chemical  Com- 
pany (St Louis ,  MO) 

Neulo~ hemtcal Studies 

Rats were injected IP 10 mln after a dally 3 hr feeding 
period with ei ther  0 5 ml sahne (i e , saline regimen) or  4 0 
mg/kg d -amphe tamine  (1 e , d -amphe tamine  regimen) for 15 
consecu t ive  days as descr ibed previously  [16] In order  to 
reasonably  distribute the workload on the days of  sacrifice, 
subacute  dosing was Initiated in a " s t a g g e r e d "  manner  ove r  
an 8-day period 

Twenty-one  hours after the last subacute dose o f  
d -amphe tamine  or  saline, the rats were  injected with 

fenfluramlne (10 mg/kg, IP) and killed by decapi tat ion ei ther 
30- or  90-rain post-dosing (N =7-8  per  time per  subacute reg- 
imen) In addition, eight rats from each of  the two subacute 
regimens received no fenfluramlne,  but were sacrificed im- 
mediately after an inJection o f  0 5 ml saline These  saline 
inJected rats provided zero baseline control  data 

Upon  decapitat ion,  the brains were quickly exc~sed, 
rlnsed with ice-cold sahne, blotted dry, and weighed Fol- 
lowing the weight de terminat ions ,  the brains were  dissected 
into 8 discrete areas (l e ,  cor tex,  strlatum, hypothalamus,  
thalamus,  substantta nlgra/ventral  t egmentum,  amygdala,  
h ippocampus,  and pons-medulla) ,  using the cutt ing-block 
method  of  Heffner  et al [14] The dissect ions were  per- 
formed while the tempera ture  of  the a lumlnlmum alloy block 
was maintained at 4°C in an ice bath Fol lowing dissect ion,  
the samples were weighed,  placed in polyethylene,  screw- 
cap vials and frozen at - 70°C  until the blogenlc amine 
analysis could be performed 

Noreplnephr lne ,  dopamlne ,  and serotonln content  in each 
brain region was determined by the f luorometr lc  assay of  
Shel lenberger  and Gordon [28] The alumina used to absorb 
the ca techolamlnes  in this study was Woelm neutral grade I 
and was act ivated to pH 3 4 by a combinat ion of  the proce- 
dures  described by Shel lenberger  and Gordon [28] and 
Anton and Sayre [2] Approximate ly  250 g of  alumina were 
placed in a 2000 ml graduated cyhnder  and were washed with 
f lowing tap water  for 12 hr The remaining alumina particles 
were then washed twice with 500 ml port ions of  2 N HC1 at 
100°C for 45 mln, twice with 500 ml por tmns  of  2 N HC1 at 
70°C for 10 rain, and once with a 500 ml port ion of  2 N HCI at 
50°C for 10 rain Fol lowing this acid t reatment ,  the alumina 
was washed 25 t imes with distilled water  m order  to adjust 
the pH to 3 4 The alumina was then placed in an evapora tmn 
dish and was heated at 120°C for 1 hr, fol lowed by 200°C for 2 
hr The dried alumina was stored in an Incubator at 37°C untd 
use 

Standard curves  were generated by carrying known free- 
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T A B L E  2 

THE TIME COURSE EFFECT OF AN IP DOSE OF FENFLURAMINE (10 MG/KG) ON NOREPINEPI-IRINE CONTENT (NG/G) IN VARIOUS BRAIN 
REGIONS OF RATS PREVIOUSLY EXPOSED TO REPEATED INJECTIONS OF SALINE (S) OR D-AMPHETAMINE (AM) 

Post-Fenfluramlne Injection Time (Minutes) 

0 30 90 

Treatment 
Brain Region S ~ AM I S AM S AM 

Cortex 184 53-+ 13 29 120 15-+ 7 52* 153 72-+ l0 32 121 48-+ 7 02* 168.21-+ 18 18 119 10-+ 11 72* 
Pons-Medulla 384 34-+10 24 252 82-+20 08* 315 37-+22 67t 257 75-+ 10 21" 296 32-+21 12t" 243.29_ + 12.26" 
Hypothalamus 1168 88-+66 72 687 44-+63 17" 820 32-+69 18t 447 98-+49 85"t 941 17-+29 5It  544 48-+46.25* 
Thalamus 383 23-+42 21 260 86-+23 34* 287 44-+42 04 173 13-+10 36"t 304 49-+40 91 213 41-+29.13 
SubstanUa N 344 18-+41 13 291 52-+26 53 329 05-+25 85 194 50-+10 87* 339 75-+38 31 241 91-+27 66 
Stnatum 177 42-+16 83 117 05-+13 05* 158 28-+11 50 l l l  14-+20 76* 131 59-+13.91 101 66-+13 55 
Amygdala 340 15-+37 95 206 73-+ 18 02* 275 08-+25 57 185 19-+ 18 48* 243 00-+ 10 45 106 40-+29 02 
Hlppocampus 183 22-+ 18 78 154 05-+28 30 176 29-+ 17.65 112 53-+ 12 73 150.01 -+ 16.89 134 78-+20 23 

~The abbrevlauon "S"  represents ammals that received saline (0 5 ml/day) for 15 days prior to fenfluramme (10 mg/kg) administration, 
whereas, "AM" represents ammals that had similarly received d-amphetamine (4 0 mg/kg) prior to the fenfluramme mjectton Each value 
represents the mean of 5-5 determinations -+S E M 

*Indicates a slgmficant difference between the S and AM groups at the respective sampling time wa the paired Student's t-test (p~<0 05) 
tIndlcates a slgmficant d~fference between norepmephnne content at a particular sampling time ~'ersus the "'0" time control value for that 

brain area in the respective treatment group via the Duncan's Multiple Range Test (p~<0 05) 

T A B L E  3 

THE TIME COURSE EFFECT OF AN IP DOSE OF FENFLURAMINE (10 MG/KG) ON DOPAMINE CONTENT (NG/G) IN VARIOUS BRAIN 
REGIONS OF RATS PREVIOUSLY EXPOSED TO REPEATED INJECTIONS OF SALINE (S) OR D-AMPHETAMINE (AM) 

Post-Fenfluramme Injection Time (Minutes) 

0 30 90 

Treatment 
Brain Region S ~ AM ~ S AM S AM 

Cortex 148 00_ + 15 15 102 58-  + ll 59 97 36-  + 18 30 108 58-+ 17 92 73 67-+ 19 58 60.93-+ 9.04 
Pons-Meduila 91 83-  + 9 74 82 49-+ 12 80 62 39-+ 9 07t 54 22-+ 2 77t 38 14-+ 2 87t 42 08-+ 7 0It  
Hypothalamus 507 77-+ 112 07 397 39-+ 95 65 378 14-+ 81 28 340 22-+ 58 18 280-28-+ 43.87t 343 15-+ 52 36 
Thalamus ND ND ND ND ND ND 
Substantla N 470 73-+ 72 99 492 89-+ 98 54 408 29-+ 77 58 321 84-+ 91 75 363 95-+ 54 00 304 52-+ 51.54 
Stnatum 7178 31 -+917 65 5281 66-+554 66* 4909 67-+409 35 5170 72-+836 71 5655 88-+612 58 4402 25-+686 55 
Amygdala 273 83-+ 38 28 292 52-+ 51 54 365 30-+ 77 21 326 93-+ 80 00 252 91-+ 67 58 287 61-+ 37 30 
Hlppocampus ND ND ND ND ND ND 

~The abbreviation "'S" represents ammals that received sahne (0 5 ml/day) for 15 days prior to fenfluramme (10 mg/kg) admmRstration, 
while, "AM" represents animals that had slmdarly received d-amphetamine (4 0 mg/kg) prior to the fenfluramlne injection Each value 
represents the mean of 5-8 determinations -+S E M 

*Indicates a slgmficant difference between the S and AM groups at the respective samphng time via the paired Student's t-test (p~<0 05) 
tInd~cates a significant difference between dopamlne content at a particular sampling time versus the "0" time control value for that brain 

area m the respective treatment group via the Duncan's Multiple Range Test (p<~0 05) 
ND indicates non-detectable amine levels 

base concen t ra t ions  o f  no repmephrme ,  dopamme ,  and 
se ro tonm through the entire ext rac t ion procedure  

RESULTS 

As can be seen  m Table l, subacute  d -amphe tamine  
t rea tment  resulted in a significant lowering of  se ro tonm m 
the pons-medul la ,  tha lamus ,  and substant la  mgra/ventral  
tegmental  areas ,  as compa red  to the se ro tonm conten t  in 

these  same areas  m sal ine-treated rats Likewise ,  the 
d -amphe tamine  t rea tment  caused  a dec rease  m norep lneph-  
rme con ten t  m the cor tex ,  pons-medul la ,  hypo tha lamus ,  
thalamus,  s tna tum,  and amygdala  (Table 2); and m d o p a m m e  
m the s tna tum (Table 3) Dopamine  con ten t  in the thalamic 
and h ippocampal  areas  in both  subacute  t r ea tment  groups 
was  below the de tec t ion  hmlt  o f  the assay (l e ,  2-3 ng per  
sample)  and therefore ,  could not  be de te rmined  (Table 3). 

The time course  ef fec ts  o f  fenf luramme on brain 
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monoamines  in the sal ine-treated rats included a significant 
lowering of  serotonin in all brain regions examined  at both 
the 30- and 90-mln sampling t imes,  with the except ion  of  the 
cor tex  (Table 1) In the cort ical  areas,  no significant differ- 
ences  in serotonin levels  were  noted,  with respect  to the 
basehne values,  until 90-mln post-fenfluramine t rea tment  

In the d -amphe tamine- t rea ted  animals,  fenfluramlne de- 
pleted serotonln only in the hypothalamus,  strlatum, amyg- 
dala, and h lppocampus  at the 30-rain sampling t ime (Table 
l) At 90 min post-fenf luramlne t reatment ,  serotonln was 
significantly lowered,  as compared  to the respec t ive  baseline 
values,  In the cor tex ,  hypothalamus,  thalamus,  strlatum, 
amygdala ,  and h ippocampus  

There  were  no significant differences in serotonln content  
noted be tween  the two regimens at e i ther  the 30- or  90-mln 
sampling t imes in any brain region examined  (Table l) In 
addition, serotonIn levels  were  below the limit of  detect ion 
(I e , < I -2  ng per  sample) in the thalamic and hippocampal  
regRons from animals in both regimens at 90-mln post° 
fenfluramine dosing 

Table  2 indicates that fenfluramine significantly lowered 
norepinephr ine  below control  values at 30 mln post- 
t rea tment  in the ports-medulla and hypothalamlc  area of  the 
sahne- t reated rats This effect  persisted at the 90-mm sam- 
phng t ime 

In d-amphetamine- t rea ted  ammals ,  norepinephrine levels 
were  found to be decreased  30 min after fenfluramlne admin- 
istrat ion in the hypothalamic  and thalamic areas  H o w e v e r ,  
by 90-mln post-fenfluramlne dosing,  norepinephrlne content  
in these regions had re turned to basehne control  levels  

Slgmficant  differences in norepmephr ine  conten t  were  
noted be tween  the saline and d-amphetamine  groups at the 
30- and 90-mln sampling t imes (Table 2) Fo r  example ,  at 30 
minutes  post - fenf luramme treatment ,  noreplnephrlne in the 
d -amphe tamine  group was significantly lowered ,  as com- 
pared to the saline group,  in all brain areas excep t  the hlp- 
pocampus  This pattern was seen only in the cor tex ,  pons- 
medulla,  and hypothalamus at the 90-mm sampling t ime 

Dopamlne  in the pons-medul la  of  both sal ine-treated and 
d-amphetamine- t rea ted  animals was decreased  by 
fenf luramme,  as compared  to the basehne control  level ,  at 
both the 30- and 90-mln measuremen t s  (Table 3) In addition, 
fenf luramlne lowered dopamlne in the hypothalamlc  regions 
of  sahne-treated rats at the 90-rain sampling period There  
were  no significant differences in dopamlne  content  noted 
be tween  regimens m any brain region at e i ther  the 30- or  
90-mln sampling t imes Dopamlne  levels were  non- 
detectable  (l e , < 2 - 3  ng per  sample) at all sampling t imes in 
the thalamlc and hlppocampal  regions in both regimens 

Figures 1-4 represent  a summary  of  the t ime course  ef- 
fects of  fenf luramme on blogenlc amine levels  in the saline- 
t reated ammals  and at the same t ime indicate where  previous 
t rea tment  with d -amphe tamine  altered such effects A com- 
plete descript ion of  the specific changes observed  in each 
regimen has already been given m the above  explanat ion of  
the data in the tables H o w e v e r ,  graphic representat ion of  
the data in these figures highlights several important  com- 
parat ive aspects  of  the t reatments  First  of  all, f rom Fig 1 it 
is ev ident  that the only amine in the hypothalamus lowered 
by the subacute  d-amphetamine  t rea tment  was noreplneph-  
rlne Secondly ,  the serotonln deplet ing action of  
fenfluramlne m the hypothalamlc  area of  the 
d-amphetamine- t rea ted  rats paralleled those seen in the 
saline group Thirdly,  in spite o f  the lower  basehne levels 
of  norep lnephnne  in the hypothalamlc  areas of  the 
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FIG 1 The t]me course effects of an IP dose of fenfluramlne (10 
mg/kg) on hypothalamlc serotomn, norepmephnne, and dopamme 
levels m rats previously exposed to repeated IP mjecuons of sahne 
(O--©) or d-amphetamine (O--O) An (*) indicates a slgmficant 
difference between monoamme content w~th respect to the two reg- 
imens at each samphng time via the paired Student s t-test (p~0 05) 
A (t) indicates a slgmficant difference between monoamme content 
at the respective samphng times versus the "'0"" tlme baseline con- 
trol value for that treatment regimen via the Duncan's Multiple 
Range Test (p~0 05) Each point represents the mean of 5-8 deter- 
mmatlons and the verhcal bars depict the S E M 
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FIG 2 The time course effects of an 1P dose of fenfluramme (10 
mg/kg) on serotonm, norepmephnne, and dopamme levels in the 
pons-medulla region of rats previously exposed to repeated IP reJec- 
tions of sahne {©--©) or d-amphetamme (O-----Q) An (*) indicates a 
significant d~fference between monoamme content w~th respect to 
the two regimens at each samphng time wa the two-tailed pmred 
Student's t-test (p<~0 05) A (t) indicates a slgmficant difference 
between monoamme content at the respectwe samphng t~me versus 
the "0"" time control value for that treatment group vm the Duncan's 
Multiple Range Test (p~<0 05) Each point represents the mean of 
5-8 determinations and the vertical bars depict the S E M 

d-amphetamine-treated group, fenfluramme did ehclt a 
slight, but significant, decrease m noreplnephrlne content at 
the 30-min sampling tune, however,  no fenfluramme effect 
was evident in this area at 90-ram after treatment. Lastly, 
dopamme was significantly decreased m the hypothalamus 
below baseline levels at the 90-ram measurement m the 
sahne-treated subjects, but no such effect was seen m the 
d-amphetamine-treated rats at either the 30- or 90-ram sam- 
phng times. 

Figure 2 indicates that subacute d-amphetamine treat- 
ment lowered serotonIn m the pons-medulla area, and that 
fenfluramme administration faded to deplete serotonm below 
this already sub-baseline value Previous treatment with 
d-amphetamine also s~gmficantly lowered norepmephrme as 
compared to the saline control m the pons-medulla and ap- 
parently prevented any further decrease m this neurotrans- 
mltter by fenfluramme d-Amphetamine d~d not alter 
basehne dopamme levels in the pons-medulla, and the time 
course effects of fenfluramme, w~th regard to th~s 
monoamme, did not differ between the two regunens. 

Figure 3 shows that d-amphetamine was also effective in 
lowering serotonm content m the thalamus and apparently 
prevented any further depletion by fenfluramme at the 
30-mm measurement Serotonm levels were decreased at the 
90-mm measurement below detectable hmlts. Fenfluramine 
had no effect on thalamlc norepmephrme content Subacute 
d-amphetamine treatment was effective m s~gnificantly low- 
ering baseline values of norepmephrlne and apparently in- 
creased the sensitivity of this monoamme system to 
fenfluramme, as evidenced by a s~gmficant decrease m nor- 
epinephrine 30 mln after fenfluramme dosing 

d-Amphetamine also lowered serotonm content m the 
substantm mgra (Fig 4), however, no further decrease m this 
monoamine was seen after fenfluramme reJection This pat- 
tern ~s m contrast with fenfluramlne's effect on serotonm m 
the substantm mgra of sahne-treated rats, where serotonm 
was significantly lowered below basehne control levels at 
both the 30- and 90-mm measurements d-Amphetamine did 
not alter basehne levels of  norepmephrine or dopamme m the 
substantm mgra region Fenfluramlne was also without effect 
on norepmephrme and dopamme m the substantm mgra 

DISCUSSION 

The purpose of this study was to determine if the anorec- 
tic tolerance previously seen with fenfluramme after re- 
peated post-feeding session d-amphetamine treatment was 
pharmacodynamlc m nature and revolved alterations in the 
neuronal substrate available to fenfluramme In this regard, 
the literature indicates that acute neurochemical effects of  
fenfluramme mainly involve serotonm. For example, 
fenfluramme has been shown to decrease serotonm levels tn 
the telencephalon and dlencephalon of rats [7]. Furthermore, 
this effect lasts longer than the half-life of fenfluramme 
would indicate Th~s action does not extend to the serotomn 
stores of the bramstem, heart, and stomach unless doses m 
the range of 20 mg/kg are used [7] Fenfluramme may also 
effect other blogemc amines Reuter [24] reported that 
fenfluramme decreased rat brain tel- and dt-encephalic 
serotonm content as expected, but also lowered norep~- 
nephrine and to some extent, dopamine 

Despite the evidence for different neurochemlcal mech- 
amsms for fenfluramIne and d-amphetamine, there are data 
which suggest that the two drugs might share certain neuro- 
chemical effects For instance, the behavioral responses m 
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FIG 3 The time course effects of an IP dose of fenfluramme (10 
mg/kg) on serotonan and norepanephrme levels an the thalamus of 
rats previously exposed to repeated IP m3ectlons of  saline (©--©)  or 
d-amphetamine (O- -O)  An (*) mdacates a mgnlficant difference be- 
tween monoamme content wath respect to the two regimens at each 
samphng tame vm the pmred Student 's  t-test (p~0 05) A (t) mda- 
cates a mgmficant d~fference between monoamme content at the 
respect ,re samphng times versus the "'0"" t~me baseline control 
value for that treatment group vm the Duncan 's  Multaple Range Test 
(p~<0 05) Each point represents the mean of  5-8 determinations and 
the vertacal bars depact the S E M 
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FIG 4 The time course effects of an IP dose of fenfluramme ( 10 
mg/kg) on serotonln, norepmephrme,  and dopamme levels m the 
substantm nlgra of  rats previously exposed to repeated IP rejections 
of saline (O- -O)  or d-amphetamine (O---O) An (*) mdacates a mgmf- 
icant difference between monoamme content wKh respect to the two 
regimens at each samphng ume vm the pa,red Student 's  t-test 
(p~0 05) A (t) mdacates a mgmficant difference between 
monoamme content at the respecUve samphng ttmes versus the "0 ' 
time baseline control value for that treatment group via the Dun- 
can 's  Multaple Range Test (p~0 05) Each point represents the mean 
of 5-8 determmataons and the vertacal bars depact the S E M 



NEUROCHEMICAL EFFECTS OF FENFLURAMINE 133 

the rat associated with moderate doses of d-amphetamine 
include increases in forward locomotion, reanng, head bob- 
bing, and gnawing At higher doses, the above stereotypy is 
altered so that only head bobbing, backward walking, and 
circling are seen [31] All of the latter responses may be 
caused by concurrent release of dopamlne and serotonm [1] 

Possible dopamlne and serotonm interactions could also 
explain findings of Franklin and Robertson [11], who report 
that d-amphetamine-reduced locomotor activity in rats was 
significantly increased by the serotonerglc blocker, 
methyserglde. When given subacutely or chromcally, 
d-amphetamine has been shown to significantly affect both 
central serotomn and dopamme stores. Trulson and Jacobs 
[32] reported that a 10-day treatment with d-amphetamine in 
cats resulted in decreased serotonm levels in all brain regions 
examined Segal et a! [27] found that in rats treated with 
d-amphetamine every 4 hr for 5 days, norepinephrme was 
decreased m the hippocampus and hypothalamus, and 
dopamlne levels were lowered in the caudate nucleus Eight 
days after the last injection, all central amines had returned 
to normal, however Elhson et al [8] found that several days 
after a d-amphetamme containing pellet was implanted sub- 
cutaneously m rats, the caudate dopamlnerg~c axons were 
swollen and there was a significant decrease in tyrosme hy- 
droxylase actlwty Both effects were confined to the caudate 
region Sparber and Tdson [30] investigated the releasabdity 
of central norepmephnne and serotonm by rejecting 
d-amphetamine in rats before and after development of 
tolerance to the drug's d~sruptlve effects on operant behav- 
ior It was found that d-amphetamme given acutely before 
tolerance developed was capable of releasing significant 
amounts of norepmephrme, but not serotonm, however, 
after tolerance had developed, the same doses of 
d-amphetamine were able to release slgmficant amounts of 
both noreplnephrme and serotonm. 

Several aspects of our data generally agree with the 
studies oted above F~rst of all, the depleting effects of the 
subacute d-amphetamine treatment were found to be wide- 
spread m regard to brain areas affected for norepmephrme, 
but confined to the strmtum with respect to dopamme. Sec- 
ondly, the d-amphetamine treatment also decreased seroto- 
nln levels, but this effect was restricted to the pons-medulla, 
substantm nlgra, and thalamlc regions Thirdly, acute mjec- 
t~ons of fenfluramme caused rapid decreases in serotonm 
content m all brain regxons examined m sahne-treated rats 
Lastly, fenfluramlne administration to sahne-treated rats 
also resulted m a decrease m norepinephrme and dopamlne 
in some brain regions 

These data indicate that sigmficant differences in the 
neuronal substrate available to fenfluramme may have 
existed between the two regimens For example, serotonm, 
the major substrate for fenfluramme, was markedly lowered 
to below pre-drug baseline and sahne control-values by 
d-amphetamine treatment m the pons-medulla, thalamus, 
and substantia mgra However, the direct contribution of 
such serotonm decreases to the anorectlc tolerance seen 
with fenfluramlne m these animals ~s uncertain, since the 
involvement of these anatomical regions with feeding behav- 
ior ~s not precisely known 

It should be noted that serotonm levels in all brain regions 
of the control ammals were lower than those generally re- 
ported in the hterature Th~s ~s most hkely a result of the 
15-day hm~ted food access paradigm used in the present 
study and the fact that the animals were sacrificed 21-hr after 
the last feeding session In this regard, it has been shown that 

brain serotonln content Is proportional to the d~etary intake 
of tryptophan [9,22]. The sahent feature of these data is that 
existing serotonin levels in the region where fenfluramme 
might be expected to exert its main central anorectic effects 
(l.e, the hypothalamus) were not affected by the 
d-amphetamine treatment. Furthermore, serotonin depleting 
action of fenfluramme in this area was not significantly dif- 
ferent between the two regimens. These findings tend to rule 
out serotonln avadabdlty m the hypothalamus as a factor m 
the anorecUc tolerance conferred to fenfluramme by 
d-amphetamine, but they do not ehmmate the possible con- 
tributlon of more subtle differences in the hypothalamic 
serotonergic systems between the two regimens. 

Sedation commonly occurs after fenfluramine adminis- 
tration [6,20] and is probably the result of serotonm release 
m the cortex [18]. Since cortical serotonm levels were not 
altered by the d-amphetamine treatment, and since 
fenfluramme reduced depletion of serotonm was not slgmfi- 
cantly different between the two regimens, it is unhkely that 
different degrees of sedation, due to fenfluramme, existed in 
the animals Therefore, this factor would not have been ex- 
pected to alter the feeding behavior of the animals in the 
earher study [16] 

Noreplnephrlne and dopamme are thought to exert 
primarily an inhibitory influence on feeding [15] At least 
two aspects of the present data seem to suggest that a 
regimen-related difference in these transmitters could have 
influenced the degree offenfluramine-mduced anorexm The 
first is that norepmephnne levels were markedly lowered in 
the hypothalamlc regions of the d-amphetamine-treated 
animals versus the saline group Furthermore, the action of 
fenfluramme on hypothalamic norepmephnne in the 
d-amphetamine group appeared to be less pronounced than 
in the sahne group. The second regimen-related difference in 
the neurochemical effects of fenfluramlne was seen in the 
depleting action of fenfluramme on hypothalamlc dopamme 
Although baseline hypothalamlc dopamme levels were not 
found to be significantly different between the two regimens, 
fenfluramme caused a statistically significant decrease of 
hypothalamlc dopamlne in the sahne-treated animals, such 
an effect was not observed m the d-amphetamine group The 
functional significance of these findings with norepmephnne 
and dopamlne is questionable however, because the vast 
majority of hterature indicates that fenfluramlne stdl exerts 
powerful anorectic effects even after blockade or depletion 
of norepmephrme and dopamme [13] 

In conclusion, ~t was found m a previous study that sub- 
acute d-amphetamine treatment resulted in a d~mmution in 
the food intake suppressant effects of fenfluramme Since 
the primary anorectlc acuon of fenfluramme might be ex- 
pected to revolve serotonm release m the hypothalamus, a 
major hypothes~s tested in this study was to determine if the 
subacute d-amphetamine treatment lowered the hypotha- 
lamic avadabdlty of serotonm The effects of subacute 
d-amphetamine treatment on one index of avadabdity, ~ e ,  
hypothalamic serotonin levels, suggested that th~s hypoth- 
esis was not valid, since no significant differences in this 
parameter existed between animals in the two regimens. 
Furthermore, the time course effects of fenfluramme on 
serotonm in the hypothalamlc regions of animals m the two 
regimens did not differ Data from these neurochemlcal ex- 
periments also suggested that other factors such as the state 
of arousal of the subjects in the two regimens d~d not differ at 
the time of fenfluramme dosing and therefore, did not hkely 
contribute to the apparent cross-tolerance 
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