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FLETCHER, P J AND M. J BURTON Mtcrostructural analysts of the anorecttc actton of peripherally admmtstered 
5-HT PHARMACOL BIOCHEM BEHAV 2,1(4) 1133-1136, 1986 --The anorecttc actmn of systemtcally admmtstered 5-FIT 
(1, 2 and 4 mg/kg SC) was investigated m food deprived rats using the techmque of microstructural analysis; small food 
pellets were dehvered to a food hopper, and the t~me and occurrence of each pellet removal was recorded Log-survtvor 
analys~s of rater-pellet intervals was used to define feeding bouts, and this was then used to compute measures of bout 
frequency, bout s~ze, bout duratton and eating rate The 5-HT reduced food retake by selectively decreasing bout stze and 
bout duratton No effects of 5-HT were observed on any of the other parameters measured. These effects of 5-HT are 
robust over a range of bout criteria, and rephcable Methysergtde (3 mg/kg IP) attenuated the anorecuc actton of 5-HT by a 
s~gmficant increase m bout frequency and an attenuatton of the effects of 5-HT on bout stze, and bout durauon. The results 
are dtscussed m terms of a possible role for peripheral 5-HT m the control of sat,ety, and tmphcaUons for the mode of actton 
of serotoneri0c anorecttc agents such as fenfluramme 

Penpheral 5-HT Mtcrostructural analysts Feeding bouts EaUng rate SaUety 

IT has been shown that systemically adm~mstered serotonin 
(5-HT) reduces food intake in the food deprived rat [5, 10, 
18]. Since 5-HT does not readily cross the blood brain barner 
[17], this effect is presumably mediated peripherally We 
have shown [ 10] that the anorecuc action of 5-HT is reversed 
by the 5-HT antagomst methysergide, but not metergoline, 
indicating that 5-HT acts via a parUcular type of peripheral 
5-HT receptor. This receptor site appears to be associated 
with a peripheral 5-HT neuronal system, since the anorecuc 
action of 5-HT is potentiated by the type A monoamine 
ox~dase inhibitor clorgyline, and the selective serotonerg~c 
re-uptake inhibitor LM 5008 [9]. The finding that subdia- 
phragmatic vagotomy enhances the anorectic action of 5-HT 
[11] suggests that 5-HT may reduce food retake by interact- 
ing w~th some aspect of wsa l  functmn. 

These findings indicate that a peripheral serotonergic 
mechanism may be involved in the control of food intake. 
The experiments can be crittcised on the grounds that the 
anorecuc action of 5-HT was determined by s~mply weighing 
the amount of food consumed over a test session. It is 
possible, therefore, that the anorecUc action of 5-HT arises 
because of some nonspecific disruptive effects of the drug 

which were not detected in this insenslttve test procedure. 
However, it has been reported that systemically admims- 
tered 5-HT does not impair sensorimotor performance [18], 
or possess any averslve properties as measured in a con- 
ditioned taste aversion paradigm [ 10,18]. Experiments in this 
report examine the behavmural effects of 5-HT m some de- 
tail by analysing the action of 5-HT using the microstructural 
analys~s of feeding behaviour. This technique consists of dl- 
vmdmg a measure of total food intake into bouts, and then 
examining the changes in bout frequency, bout size, bout 
length and eating rate following drug administration [7]. 
Thus, mt is possible to obtmn a detailed behavioural profile of 
the mode of action of a given anorecUc agent. 

Using th~s technique it has been found that systemic ad- 
ministration of fenfluramine decreases food intake by reduc- 
ing bout size and eating rate [4,7]. Drugs which block the 
re-uptake of 5-HT produce the same effects [4]. The effects 
of these drugs have usually been interpreted in terms of thetr 
actions on brain 5-HT systems (see [2, 3, 12] for rewews), 
but it is possible that such effects are mediated m part by 
peripheral 5-HT systems. In keeping with this view it has 
been suggested that the reduction in bout size and eating rate 
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observed w~th serotonerg~c agomst drugs are mediated by 
peripheral and central mechamsms respectively [4] Accord- 
~ngly ~t ~s hypothesized that systemically administered 5-HT 
decreases food ~ntake by selectively reducing bout szze only 

METHOD 

I'.'xperlment I 

Procedure Male Lister hooded rats (23%250 g) were in- 
itially housed m standard laboratory cages (North Kent Plas- 
tics) under a 12 hour hght-dark cycle The rats were trmned 
to consume their dmly food ration (Spratt 's laboratory chow) 
~n a 6 hour period begmmng 2 hours into the hght phase of 
the hght-dark cycle Water was freely avadable at all ames 

Following 7 days habituation to th~s deprivation proce- 
dure the rats were transferred to the apparatus used to re- 
cord feeding. Full details of  the apparatus have been re- 
ported elsewhere [7] The apparatus consisted of  8 aluminum 
cages equipped w~th a food hopper, drinking bottle and nest 
box Food pellets (45 mg Campden pellets) were dehvered 
s~ngly to the food hopper. Removal of each pellet from the 
hopper activated an infra-red photo beam system, and a 
further pellet was dehvered approximately i 5 seconds later 
The t~me of each pellet removal (since the begmmng of data 
logging) was recorded by a microprocessor system, and 
stored on a floppy d~sk Th~s mformat~on was later trans- 
ferred to a PDP I 1/40 minicomputer for long-term storage 
and analys~s Thus, a continuous record of  feeding for each 
rat was avmlable 

Each rat was housed ~n one of  the cages and allowed 
access to the pelleted food until food retakes had stabd~sed 
On test days all rats were reJected (SC) w~th 1, 2 or 4 mg/kg 
serotomn creatm~ne sulfate (S~gma), or sahne and returned 
~mmed~ately to the cage Data logging was initiated tin- 
mediately All rats received sahne and every dose of  5-HT in 
a counterbalanced order, with at least 2 drug free days be- 
tween successive test days 

Expertment 2 

A second experiment was conducted to examine the re- 
habd~ty of  the effects of 5-HT ustng rats maintained on a 
more restricted feeding schedule. In addition the effects of a 
single dose of methyserg~de on 5-HT reduced anorexia were 
examined. The dose of  methyserg~de was chosen on the 
bas~s of  previous work: being the h~ghest dose which at- 
tenuated 5-HT anorexia w~thout s~gmficantly altenng food 
~ntake in ~ts own right [10,16] The use of a h~gher dose 
affecting food mtake would nec.essanly comphcate the inter- 
pretation of  the results. 

Procedure In a second experiment male L~ster hooded 
rats (235-275 g) were ~mt~aily housed under ~dentlcal condi- 
tions to Experiment 1, except that they were allowed access 
to food for 4 hours a day After a 7 day habituation period to 
restricted food access they were transferred to the test 
cages, and maintained on the 45 mg pellets w~th water avad- 
able at all t~mes. When 4 hour food intakes had stabd~zed all 
ammals were rejected w~th 3 mg/kg methyserg~de or d~stdled 
water (IP), followed thirty m~nutes later by 2 mg/kg 5-HT or 
sahne (SC) The rats were returned ~mmedtately to the test 
cages and data logging was initiated. 

Each rat received every combination of methyserg~de or 
vehicle and 5-HT or vehicle in a counterbalanced order w~th 
at least two drug-free days between successive test days 

Bout analysts A previous report [ 10] has shown that the 

FLETCHER AND BURTON 

TABLE l 

THE EFFECTS OF INCREASING DOSES OF 5-HT ON BOUT 
PARAMETERS IN A I-HOUR FEEDING TEST 

5-HT (mg/kg) 

Parameter 0 I 2 4 
Total 10 45 6 79~" 5 I1~ 4 02~ 

mtake (g) (0 76) (0 84) (0 58) (0 50) 
Total 25 70 16 9"~ 12 20"t 8 82 + 

time (mln) (2 39) (2 21) (1 71) (I 21) 
Bout 5 00 6 14 5 43 4 86 

freq (0 85) (I 18) (1 60) (0 99) 
Bout 2 69 1 44* I 52 I 14" 

s~ze (g) (0 71) (0 35) (0 45) (0 32) 
Bout 6 53 3 61" 3 61" 2 46¢ 

dura (mm) (1 62) (0 87) (1 08) (0 65) 
Eating rate 0 49 0 77 0 54 0 68 

(g/m~n) (0 03) (0 18) (0 08) (0 08) 
Median 6 02 6 07 6 13 5 04 

IPI (sec) (0 34) (0 52) (0 27) (0 27) 

Values represent mean (and SEM) for 7 rats 
*Differs from 0 mg/kg 5-HT, p<0 05 
~Dlffers from 0 mg/kg 5-HT. p<0 01 

maximal effect of the range of  doses of 5-HT used in th~s 
experiment occurs during the first hour after ~nject~on Also 
the dtpsogemc action of  5-HT does not appear to ~nterfere 
w~th feeding over th~s t~me period [10,16] Therefore, the 
analysis of  the feeding data was confined to the first hour 
only 

To d~v~de the feeding records of  the rats into the various 
bout parameters, a bout criterion was selected by transform- 
ing the frequency d~stnbutlon of inter-pellet ~ntervals into a 
log-survivor curve Briefly, the gradient of the curve repre- 
sents the rate of occurrence of responses, m th~s case pellet 
removals When responses occur m bouts, defined as a 
number of short ~nter-response intervals followed by a long 
Interval, a sudden change in the gradient of the log-survivor 
curve marks the transmon from a h~gh rate of responding 
(w~thm bouts) to a low rate of  responding (between bouts) 
[19] The interval length at this gradient change provides an 
esttmate of the length of  interval which can be used to distin- 
guish between intervals occumng  w~thm or between bouts, 
th~s 'breakpoint '  can be used to define a bout. Th~s techmque 
has been shown to be a reliable method of  defining bouts in 
free feeding [7] and deprived rats [21] 

In food deprived rats treated with an anorectJc agent it is 
sometimes dLfficult to identify the breakpoint because of  the 
relatively small number of responses generated Therefore, 
in th~s experiment a breakpoint was chosen from a log- 
survivor curve generated from the pooled data for all rats 
treated w~th saline 

The various bout parameters were derived using this cri- 
terion, and the effects of  5-HT were analysed by one-way 
analys~s of variance, followed by Dunnett 's test for compari- 
sons against a control mean In the second experiment data 
were analysed by two-way analys~s of  variance using pre- 
treatment (vehicle or methyserglde) and drug treatment (ve- 
hicle or 5-HT) as factors, and t-tests where appropriate. Pa- 
rameters calculated were bout frequency (number of bouts 
within the test session), bout s~ze (g), bout duration (the total 
t~me a bout lasted), mean eating rate (bout size d~v~ded by 
bout length) and the median Inter-pellet ~nterval (sec) 
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RESULTS 

Experiment I 

Table 1 shows the effects of  increasing doses of  5-HT on 
the various bout parameters derived from a criterion of  25 
seconds. Total food mntake was significantly reduced by 
5-HT over the hour test, F(3,18)=18.9, p<0.001. The 
anorect~c actmon of 5-HT was charactensed by reductmns in 
bout smze, F(3,18)=3 66, p<0.05,  and bout duratmn, 
F(3,18)=4 22, p < 0 0 5  Comparisons using Dunnett 's  test 
showed that the reductmon ~n bout s~ze caused by 1 and 4 
mg/kg was s~gnificantly different from control, but the effect 
of  2 mg/kg just  faded to reach smgnificance. Since bout fre- 
quency was not changed by 5-HT, F(3,18)=0.78, p >0.01, the 
total time spent eating was smgnificantly reduced, 
F(3,18)=16.77, p<0.01 Inspectmn of  Table 1 shows that 
across doses of 5-HT the reduction m bout smze was paral- 
leled by reductmon m bout duratmn, mmplymg that the rate of 
eatmng was not altered by 5-HT Th~s ms confirmed by the 
finding that 5-HT dmd not alter the mean rate of  eatmng, 
F(3,18)=1.38, p>0.05,  or the medman inter-pellet ~nterval, 
F(3,18)=3.09, p>0.05  A s~mdar profile of changes was ob- 
served when the data were analysed using criteria providing 
an underestimate and an overestmmate of the breakpoint on 
the Iog-survmvor curve (results not shown). 

Expertment 2 

A longer median IPI was found for the rats used in thins 
experiment and th~s resulted mn the generatmn of  a larger 
overall bout criterion (55 sec). As mn Experiment 1, 5-HT 
reduced total food ~ntake, F(1,7)=39.01, p<0.001,  by de- 
creasmng only bout s~ze and bout duratmon, F( I ,7)=  12.3 and 
12.9, respectively, both p<0.01,  to approximately 40~ of  
control values. A smgnificant main effect of pretreatment,  
F ( I , 7 )= I0  2, p < 0  025, and a sigmficant pretreatment drug 
tnteract~on, F(1,7)=8 02, p<0.05,  ~nd~cated that methyser- 
g~de attenuated the anorectic actton of  5-HT. Th~s was char- 
actensed by an attenuation of the effects of 5-HT on bout s~ze 
and bout duration Mean values for bout size were I 34 
(+-0 27) g (5-HT alone) and I 75 (±0.32) g (methysergmde and 
5-HT) The mean bout durations were 3 7 (---0.6) mm and 5.4 
(+-0 99) mtn respectively In addtt~on, a small but sigmficant 
effect of methyserg~de was observed on bout frequency, 
F(1,7) =5 7, p <0.05, reflecting the fact that methyserg~de in- 
creased th~s measure when adm~mstered alone, and tn 
combination wroth 5-HT 

DISCUSSION 

Previous studmes investigating the anorect~c actmn of  sys- 
temmcally administered 5-HT have simply ~nvolved determimng 
the amount of food consumed by 5-HT treated anmmals, and 
have not dmrectly mvesttgated the behavmoural effects of thins 
compound. The present study has addressed th~s mssue and has 
revealed that m food-deprived rats feedmng on a sohd dmet, 
5-HT reduces food mta~e by selecUvely reducing bout s~ze 
and durauon. These effects were attenuated by methysergide 
confirming that the action of 5-HT ms mediated by 5-HT re- 
ceptors. Methysergide also shghtly increased bout frequency 
and this contributed to the at tenuauon of the anorectlc actmon 
of 5-HT. Since treatment with 5-HT ffuled to alter bout fre- 
quency or eating rate, thins mdmcates that 5-HT probably does 
not ~nduce sedaUon, or interfere wroth the ammal 's  abdmty to 
produce the motor actmons necessary for feeding Further 
evidence against th~s type of explanatmon derives from the 

observation that 5-HT mncreases consumptmon of  water [14], 
and certam flavoured solutions [ 15,16]. It can be concluded that 
the reduction in food intake caused by 5-HT is not the result 
of a general disruption of  behaviour, such as that produced 
by aniphetamine [4,21]. 

It ms possible that the dipsogenlc [14] action of  5-HT 
causes the rats to stop eating mn order to dnnk. A previous 
report  [10] has suggested that the magmtude of  the drinking 
response to 5-HT ms insufficient to account for 5-HT 
anorexma. It has also been shown that the time courses of  
5-HT anorexia and hyperdipsma differ, with the onset of the 
anorecuc response occurring earlier than the hyperdmpsmc re- 
sponse [16]. Therefore, it ms unhkely that the reductions in 
bout smze and duration can be explained m terms of  response 
competRion from drinking. 

Since 5-HT reduces bout duration and bout smze the 5-HT 
treated rat appears to feed in the same manner as an un- 
treated rat, except that mt ceases feeding earlier. It is tempt- 
~ng to speculate that 5-HT is acting to enhance the onset of 
satiety, whmch prevents the animal from eating further, and 
by imphcation that a peripheral 5-HT system is involved m 
the neural control of satiety. The cessation of feeding is not a 
sausfactory mdmcation that satiety has occurred, since many 
non-specmfic factors may cause an ammal to stop feeding. It 
has been reported [1] that untreated rats wluch have ceased 
eating, d~splay a characterisUc sequence of  behavmours in- 
volving exploratmon, groonung, resting and sleep. This be- 
hav~oural sequence ts clammed to be an unambmguous marker 
of satiety [20]. SaUety is dependent upon some post- 
ingestional consequence of food intake since rats equipped 
wroth an open gastric fistula, which allows food to drain away 
from the stomach immediately after ingestion, consume ex- 
cesswe amounts of  a hqmd diet and fa~l to show the be- 
hav~oural sequence of sauety [1]. The putatmve satiety hor- 
mone cholecystokmin (CCK) terminates feedmng in sham- 
feedmng and control rats and ehcmts the complete behawoural 
sequence of satmety [1] In order to claim that 5-HT induces 
satmety it will be necessary to show that 5-HT abolishes 
sham-feeding, and that 5-HT treated animals do not differ 
from control rats ~n terms of  post-prandmal behavlours. 

Ewdence from other sources ms consistent with the notion 
that a peripheral serotonergic system ms revolved mn the con- 
trol of  satiety. Increased levels of 5-HT m the blood, coupled 
w~th depleted stores of 5-HT in the gut have been demon- 
strated following increased pressure on the intestinal mucosa 
[6], acidic conditions m the gut [13] and mntraduodenal infu- 
sions of  hypertonlc glucose [8]. However,  mt remains to be 
determined whether an mncreased release of peripheral 5-HT 
ms temporally assocmted with the termmnatmon of  feeding 
bouts 

The observation that peripherally adm~mstered 5-HT de- 
creases bout durauon and bout size may indicate that the 
reduction m bout s~ze caused by fenfluramine and other mdm- 
rect serotonergic agomsts ms medmated peripherally as 
suggested prewously [4] Recent evmdence suggests that 
5-HT and fenfluramine act v~a independent mechanisms. 
Rats pretreated wroth metergollne [10], or wroth subdma- 
phragmaUc vagotomy [11] respond d~fferenually to doses of 
5-HT and fenfluramme which produce eqmvalent reductions 
m food retake Therefore, caution must be used when inter- 
preting the present results m terms of a possible penpberal  
action of  fenfluramlne Experiments are currently underway 
in our laboratory using the m~crostructural analysis tech- 
tuque to d~rectly assess the possmble peripheral acuon of 
fenfluramme, and the 5-HT precursor 5-hydroxytryptophan 
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