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KANTAK, K. M.. M. J. WAYNER AND J. M. STEIN. Effe('t.~ of vuriou.~ period~ qf.lm,d del,riv,tion ,m .~erolonin 
turnover in the hm'r,I hypothalamu.~. PHARMAC. B1OCHEM. BEHAV. 9~41 529-534, 1978.--Preliminary results indi- 
cated enhanced serotonin turnover in the lateral hypothalamus of 24 hr food deprived rats as compared to non-deprived 
rats. In the present study, the periods of food deprivation were extended in order that the effects of 0.24, 48 and 72 hr of 
food deprivation on serotonin turnover could be measured. One hr following an infusion of :~H-5-hydroxytryptamine the 
lateral hypothalamus was perfused with physiological bacteriostatic saline for 40 min. Samples of perfusate, which corre- 
Sl:w~nds to 75-90 min post-infusion, were analyzed by thin layer chromatography for estimation of :'H-labelled precursor and 
metabolites. The results indicate that serotonin turnover is enhanced as a function of hours of food deprivation. 
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FOLLOWING 22 to 24 hr of food deprivation, whole brain 
5-HIAA increases [3,141, whereas brain 5-HT has been 
shown to either increase I31 or remain unchanged 1141. Re- 
gional determination following 24 hr of food deprivation 
indicates increases in 5-HT and/or 5-HIAA in the cortex, 
striatum, cerebellum and midbrain plus hippocampus [81. No 
changes in 5-HT or 5-HIAA were found in the whole 
hypothalamus following 24 hr food deprivation even though 
tryptophan concentration in this brain region was greatly 
enhanced. Preliminary results demonstrated that 5-HT turn- 
over in the lateral hypothalamus increases with 24 hr 
food deprivation 171. Increases in 5-HIAA and 5- 
methoxytryptamine (5-MT) were detected following 24 hr 
of food deprivation. These data do not contradict earlier re- 
sults in which whole hypothalamic 5-HT metabolism did not 
change during 24 hr of food deprivation. Since the 
hypothalamus is comprised of several distinct nuclei, assay- 
ing the whole hypothalamus could easily obscure discrete 
variation in neurochemical activity I i0l. Electrophysiologi- 
cal evidence indicates that various hypothalamic neurons are 
differentially sensitive to L-tryptophan [16,171 and to 5-HT 
111,12]. In addition, the serotonin content of various 
hypothalamic nuclei are affected differently by stress 1131. 
These data indicate significant differences in serotonin 
metabolism within the hypothalamus. 

The purpose of the present study was to investigate the 
effects of  food deprivation on serotonin turnover in the lat- 
eral hypothalamus. Food deprivation periods of 0, 24, 48 and 

72 hr were used. The effects of long periods of food depriva- 
tion on serotonin turnover in the hypothalamus have not 
been investigated. Serotonin turnover was determined using 
push-pull cannulae perfusions with :'H-5-HT and the efflux of 
:'H-labelled metabolites was measured by thin layer 
chromatography and a scintillation counter. 

METHOD 

Animals 

Twenty male hooded rats, 319-430 g, from our colony 
were used in this experiment. Animals were housed in indi- 
vidual living cages. They had free access to Purina l,ab 
Chow blocks and water unless otherwise stated. Animals 
were kept on a constant light-dark cycle. The 12 hr light 
phase began at 0600 hr and was followed by a 12 hr dark 
phase. The room temperature was maintained at 70 ° __+ 2°F. 

S,rgcJ3" aml Hi,stoJo,~,y 

Surgery was performed under Equi-Thcsin anesthesia 
(Jensen-Salsbery Laboratories) at a dose of 3 cc/kg. Each 
animal was implanted with a concentric push-pull cannula in 
the right lateral hypothalamus according to predetermined 
DeGroot 141 coordinates: AP 5.4, L 1.8 and V 3.0 mm from 
the interaural line. The tip of the implanted outer cannula 
was situated 0.5 mm above the lateral hypothalamus. The 
inner cannula extended 0.5 mm beyond the end of the outer 
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cannula. Four stainless steel screws were used to attach the 
cannula to the skull and the implant was secured with acrylic 
dental cement. There were 2 weeks of postoperative care 
prior to the start of the experiment. At the end of the experi- 
ment all animals were perfused intracardially, first with 0.9S¢ 
NaCI. and then with neutralized 10",4 Formalin plus 0.9c~ 
NaCI. The brains were removed, frozen, and sectioned at 60 
~. Tissue was stained with cresyl violet and examined to 
determine location of the cannula tip. 

,4pparal/t.s 

The per'fusion chamber consisted of a 20×20×50 cm 
Plexiglas box with a standard stainless steel rod grid floor 
enclosed in an illuminated sound attenuating cubicle fitted 
with an exhaust tim. Push-pull per'fusions were performed 
using a Sage Instruments Model 375 A tubing pump. All 
radioactive determinations were made with a Beckman 
Model LS 100-C scintillation counter or a Packard Tri Carb 
Model scintillation counter. 

]:'FO( '( '(llll '(" 

Following the 2 week postoperative period, all animals 
were placed in individual living cages for 10 days prior to 
push-pull perfusion, l)aily home cage food and water intakes 
and body weight were recorded at 16110 hr. On Day 8 the 
animals were divided into 4 groups of 5 animals each. One 
group of animals continued to feed on an ad lib basis. The 
second group of animals was food deprived on Day 10, 24 hr 
prior to push-pull perfusion. The third group of animals was 
fi)od deprived on Day 9, 48 hr prior to push-pull perfusion. 
The fourth group of animals was food deprived on Day 8, 72 
hr prior to push-pull perfusion. On Day I I. 0.5/zCi (23.0 ng) 
of :~H-5-hydroxytryptamine binoxalate ( specific activity - 5.7 
Ci."m mole, New England Nuclear) was infused via the 
push-phil cannula into the lateral hypothalamus of each ani- 
mal at 1000 hr. This procedure utilized a Harvard infusion 
pump and 0.5 ffl was infused at a rate of 1.0 #l/min. Follow- 
ing the infusion, animals were placed into the pet-fusion 
chamber tbr I hr. At I I(X) hr the animals were perfused for 40 
rain with 0.tY'; bacteriostatic NaCI (Eli I.illy and Co . )a t  a 
rate of approximately 20/,tl;min. Eight 5 rain samples of per- 
fl~sate were collected. Each collection vial contained 0.5 ml 
of 1.0 N formic acid. Each animal received only 1 perfusion. A 
20 ktl aliqnot was taken fl)r each 5 rain sample and pipetted 
into a glass scintillation counting vial (Kimble Products). 
This vial contained 5 drops of Bio Solv (Beckman Instru- 
ments) and 10 ml of a liquid scintillation cocktail (6 g PPO/I 
toluencL The 8 vials flw each perfusion were then counted in 
the scintillation counter. The cpm were corrected for back- 
ground, efficiency and dilution with formic acid. Final dpm 
were converted to p, Ci/5 rain sample. 

Samples 4, 5 and 6, which corresponds to 75-90 min post- 
infusion of :H-5-hydroxytryptamine, were further analysed 
by thin layer chromatography (TI ,C). Twenty ffl of perfusate 
fi'om samples 4 .5  and 6 were spotted on individual cellulose 
coated TI,C plates (Brinkmanl. In addition, 0.25/~1 (2.5 /xg 
dissolved in 1.0 N formic acid) of the tbllowing cold 
carrier standards were spotted on each plate: serotonin 
creatinine sulfide (Calbiochem): 5-hydroxyindoleacetic acid 
cyclohexyl-ammonium sail (Calbiochem): 5-methoxy- 
tryptamine (Calbiochem): 5-methoxylryptophol (Sig- 
ma): and 5-metboxyindole-3-acelic acid IRegis). A ::H- 
5-hydroxytryptaminc standard plate was prepared in ~he 

above manner for each perfusion. However,  20/xl of freshly 
prepared solution of :~H-5-hydroxytryptaminc, 0.9";; NaCI 
and 1.0 N formic acid were spotted on the plate. There were 
approximately 401~)--6000 dpm/20/zl. A bidirectional solvent 
system was used to develop the TLC plates. Solvent I con- 
sisted of butanol. 1.0 N formic acid and methanol 13: 1:1). 
,Solvent 11 consisted of isopropanol, ammonia and triple dis- 
tilled water 18:1:1). Upon removal from the second solvent 
the 5 spots on each plate were detected with F, rlich's Rea- 
gent ~7'~. ~ v/v). Each of these spots and the origin were cut 
into two I x2 cm strips. Each strip was placed into an indi- 
vidual counting vial containing 1.0 ml methanol. The strips in 
the methanol were allowed to elute for 24 hr befl~re the addi- 
tion of the scintillation cocktail. The vials were then counted 
in the scintillation counter. The cpm were corrected for 
background, efficiency, dilution with tbrmic acid and re- 
covery of counts fiom the corresponding aliquot vial. Final 
dpm for each compound was converted to nCi/5 rain sample. 

RESULTS 

tlistolo,,,,y 

The tips of all cannulae were in the lateral hypothalamus. 
latend to the fornix, and medial to the cerebral peduncle. All 
placements were within the anterior-posterior limits of the 
lateral hypothalamus according to the DeGroot atlas, 6.2-, 
4.2. There was no evidence lhat unilatend lateral 
hypothalamic destruction due to the cannula had any effect 
on daily food and water intakes and body weight. 

.,lliqt,~l ,,Umlv,~c.~ 

Data collected fl'om the eight 5 min samples were 
analyzed by a 4 × 8 analysis of variance with repeated meas- 
ures 118]. The factors were the 4 groups and the 8 time 
periods post-infusion. There were no significant differences 
among the ~tCi.,'5 rain of :~H-washout for the group factor or 
the group×time interaction. As would be expected, there 
was a significant difference in the #Ci/5 rain for the time 
factor, FI7.112)=32.52, p, 0.01. Tukey A tests of the differ- 
trices among the 75-80. 811-85 and 85-90 rain samples were 
not significant. Therefore, the efflux of total radioactivity 
was similar in all samples upon which the TI,C analyses were 
performed. The "H-washout curves are presented in Fig. 1 
for all groups of rats. 

TI,(" .4mdvsc~ 

Figure 2 represents the mean nCi/5 min of ~H-5-HT de- 
letted in the peffusate after bidirectional TI..C separation 
from samples laken 75-~J rain posl-infusion. A one-way 
analysis of variance was performed and significam differ- 
ences were found. F~3,16). 58.46, p- 0.01. A DunneWs te~ 
revealed thai the :~H-5-HT dctecled after 48 hr of food depri- 
vation was significantly less than the 0 hr deprivation control 
group (p, 0.005L The means after 24 and 72 hr of food depri- 
vation were nol significantly differenl from the 0 hr conlrol. 

For ~tatistical analysis of the metabolile data non- 
parametric slatistics were used because of the non-normal 
nature of these data. With the methods employed in these 
experiments+ the minimum detectable amount or sensitivity 
i~ in the picogram range. Thus when no radioactivity is de- 
tecled over the background, the lack of n+easurablc counts 
does not necessarily imply a lack of metabolism. Because 
most of the radioactivity fron3 a push-pull perfusion remains 
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FIG. I. Mean #Ci/5 min sample of total radioactivity. Time is in min post-infm, ion of q-t-5-HT. O hr 
• ~;  24 hr • . . . .  • ;  48 hr • . . . .  • :  anti 72 hr • ..... • ,  food deprived group,~. 

as the hlbelled compound  used, there are no problems in 
detect ion and the data  conforms  properly to parametric  
statistics. Howeve r ,  the metaboli tes  from the labelled com- 
pound represent  small amounts  of  radioact ivi ty and it is 
common  in some samples to fail to detect  any counts  ove r  
background.  Because  the validity of  the zero values could 
not be de termined,  at non-parametr ic  statistic, the Mann- 
Whitney U test.  was used for statistical analysis of  the 
metaboli te  data. Zero values were not used in the analysis.  

Figure 3 represents  the : 'H-5-HIAA formed from :~H-5- 
HT, 75-90 min post-infusion. The nCi/5 min were signifi- 
cantly higher following 48 hr (U =21. n~ =8, n~= 13, p<0.025)  
and 72 hr IU=21 ,  n , - 8 ,  n..~ 11, p<:0.05) of  food deprivat ion 
when compared  to the 0 hr deprivat ion control  group. Al- 
though the median nCi:'5 min was 345:; higher following 24 hr 
of  food deprivat ion,  there were  no significant differences 
be tween this group and the l) hr food deprivat ion control 
group. 
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FIG. 2. btean nCi/5 min of 'H-5-HT. 75-90 min post-infusion in 0. 
24.48 and 72 hr food deprived groups. *Significantly differenl from 

lhe 0 hr group. 
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FIG. 3. Median nCi.,5 min of:'H-5-HIAA, 75-90 rain post-infusion in 
0. 24, 48 and 72 hr food deprived groups. *Significantly different 

from the 0 hr group. 

Figure 4 represents  the : 'H-5-MT formed from : 'H-5-HT 
75-90 min post-infusion. No significant differences in the 
nCi/5 min were found when each food depr ivat ion group was 
compared  to lhe 0 hr food deprivat ion control group. 

Figure 5 represents  the : 'H-5-methoxytryptophol  (5- 
MTPhol) lbrmed from : 'H-5-HT. 75-90 min post-infusion. 
The nCi/5 min were significantly lower  following 24 hr 
( U - 1 6 ,  n , - 7 ,  n...-6, p -  0.025), 48 hr (U- :9 .  n ,=7 ,  n e - l l ,  
p . 0 . 0 1 ) ,  and 72 hr ( U - 2 ,  n , - 7 ,  n._.-6, p<0.002)  of  food 
deprivat ion when compared  to lhe 0 hr food deprivat ion con- 
trol group. 
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FIG. 4. Median nCi/5 min of :'H-5-M'I. 75-90 min post-infusion in 0. 
24.48 and 72 hr Rx)d deprived groups. 
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FIG. 5. Median nCi/5 rain of ~H-5-M'I"Phol, 75-90 min post-infusion 
in 0, 24, 4g and 72 hr food deprived groups. *Significantly different 

from the 0 hr group. 

Figure 6 represents  the :"H-5-methoxyindoleacetic acid 
(5-MIAA) formed from : 'H-5-HT. 75-90 rain post-infusion. 
The nCi/5 rain were significantly lower following 24 hr (U - I. 
n~=3, ne=9, p-::0.01) and 72 hr (U=2 ,  n , - 3 .  n._,.-g,p.--0.024) 
of  food deprivat ion when compared to the 0 hr food depriva- 
tion control group. The difference in the net/5 rain between 
the 48 hr food deprived group and the 0 hr control group was 
not significant. 

The ::H-5-HT standard plate'~ show good specificity for 
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FIG. 6. Median nCi/5 min of :'H-5-MIAA, 75-90 min post-infusion in 
0, 24, 48 and 72 hr food deprived groups. *Significantly different 

from the 0 hr group. 

the  T L C  sepa ra t ions  ( 'Fable 1). The  major i ty  of  the radioac-  
t ivity on the s t anda rd  p la tes  was de t ec t ed  at the  spot for 
5 -HT and  the origin.  A small pe rcen t age  of  rad ioac t iv i ty  was  
non-spec i f ic  with  respec t  to the  5-HT spot  and  appeared  at 
the  spots  of  all me tabo l i t e s  c o c h r o m a t o g r a p h e d  with the 
:~H-5-HT. In a pe rcen tage  c o m p a r i s o n  of  rad ioac t iv i ty  f rom 

lateral hypo tha l amic  per fusa te  and  the s t andard  plates  (Table  
2), the  pe r fusa te  con t a ined  much  more  rad ioac t iv i ty  a t t r ibut -  
able  to the me tabo l i t e s  than  the s t andard  p la tes  non-specif ic  
spread.  Thus  the radioact iv i ty  a t t r ibu tab le  to the  metabol i t es  
in the pe r fusa te  r ep re sen t s  funct ional  me tabo l i sm and not 
jus t  an art ifact  due to non-spec i f ic  rad ioac t ive  spread on the 
T L C  plate.  

The  Rf  va lues  t the  rat io of  the d i s tance  of  each  spot  f rom 
the origin to the  d i s t ance  of  the  so lvent  front  f rom the origin) 
are p re sen ted  in Table  3. This  value r ep re sen t s  the locat ion 
of  each  spot in each  solvent  di rect ion.  As can be seen from 
the table,  each  spot is d iscre te ly  separa ted  f rom all o the r  
spots  and the locat ion is very  cons i s t en t  from plate to plate.  
Because  of  these  d i sc re te  separa t ions ,  the radioact iv i ty  f rom 
each  c o m p o u n d  is n e v e r  c r o s s - c o n t a m i n a t e d  with radioac-  
t ivity from a n o t h e r  c o m p o u n d .  

D I S C U S S I O N  

The resul ts  f rom this  expe r imen t  indicate  an e n h a n c e d  
t u r n o v e r  of  5 -HT to 5 -HIAA in the lateral  h y p o t h a l a m u s  
tb l lowing 48 and 72 hr of  food depr iva t ion .  T u r n o v e r  of  5-MT 
appea r s  to be reduced  following,  24, 48 and  72 hr  of depr iva-  
t ion.  These  resul ts  do not agree  with previous ly  repor ted  
da ta  which show that  5 -HIAA and 5-MT are e n h a n c e d  as a 
resul t  of  24 hr  of  food depr iva t ion  171. The  d i sc repancy  is 
re lated to the rat io t r ans fo rma t ion  of  the data  in the p rev ious  
s tudy.  The  data  were  exp re s sed  as a rat io of  metabol i t e  to 
subs t ra te .  A rat io t r ans fo rma t ion  can p roduce  a ~;purious 
cor re la t ion  be tween  2 var iab les  unless  the var iab les  are 
l inearly related I l l .  A posi t ive  cor re la t ion  be tween  5-HT 
avai labi l i ty  and  5 -HIAA format ion  has  been  d e m o n s t r a t e d  
for the whole  brain 13, 6, 91 and  several  bra in  regions,  includ- 
ing the h y p o t h a l a m u s  12, 5, 8, 15], fol lowing var ious  physi-  
ological and pharmaco log ica l  t r ea tmen t s .  H o w e v e r  these  
l inear  re la t ions have  not yet been  d e m o n s t r a t e d  for the lat- 
eral hypo tha l amus .  In the  p resen t  s tudy,  if one  a s sumes  
l ineari ty and a rat io t r ans fo rma t ion  is used,  then the  t u r n o v e r  

T A B I . E  1 

'H -5 -HT S T A N D A R D  P I . A T E S  

0 24 48 72 

5-HT ÷ Origin 98.28f4 _- 0.81(~; 91.909; _- 2.72~; 98.73¢:; -+ 0.44¢5; 95.87¢5; z 2.58(~/ 
5-HIAA 0.28'2~ ~ 0.28(7~ 2.72c~; -+ 0.82",; 0.29'7/; _+ 0.21% 2.50(:,~ + 1.25c; 
5-MT 0.72(;; ': 1.335; 2.38£; _+ 2.03(;~ 0.4V); '- 0.13(;; 0.369~ _- 0.33':; 
5-MTPhol 0.02(7, + 0.02f'; 2.505; _+ 1.076;; 0.82¢'~ _+ 0.41'); 1.53(; z 1.19':; 
5-MIAA 0.70('4 _-:. 0.78'74 0.505; ± 0.32c; 0.11q~ ,- 0.13% 0.74c4 -_ 0.72~4 

Values arc the Mean +_ S.E.M. ""; of total radioactivity. 

T A B L E  2 

C O M P A R I S O N  O F  R A D I O A C T I V I T Y  F R O M  "FILE P E R F U S A T E  A N D  S P E C I F I C  A N D  N O N - S P E C I F I C  
S P R E A D  ON T H E  S T A N I ) A R D  P L A T E S  

0 24 48 72 
perf Std Perf Std Perf Std Perf Sld 

~H-5-HT • Origin 75.65r~ 98.28q; 63.23~:; 91.90c~ 75.09';; 98.73~;; 71.84~.; 95.87(~ 
:~H-Metabolites 24.35'~; 1 .72( ; ;  36.77q,; 8. I(~; 24.91"; 1.27' ; 28.16';; 4.13c;¢ 

Values ;ire the Mean 5; of total radioactivity found on the standard plates IStd) and in the perfusale 
IPerfl 75-90 rain post-infusion. 
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T A B L E  3 

RF VAI,UES 

0 24 48 72 
1 I1 l [I l It I II 

5-Hl" 0.48 _+ 0.t)l 0.68 ~ 0.03 0.52 - 0.01 0.71 ± 0.01 0.47 -" 0.01 0.70 + 0.01 0.45 - 0.01 0.69 "_ 0.02 
5-HIAA 1,).78 ~ 0.01 0.24 ÷ 0.01 0.77 _'. 0.01 0.20 _+ 0.01 1,).76 ~ 0.01 0.27 .. 0.01 0.77 ~ 0.01 0.21 :'- 0.01 
5-MT 0.63 ~ 0.01 I.).84 _+ 0.03 0.66 ~ t).01 0.88 '. 0.01 0.62 ± 0.01 1,).83 z 0.01 0.60 ~: 0.01 0.85 "- 0.01 
5-MIPhol 0.92 ' 0.1,11 0.52 +- 0.02 0.90 _+ 1,).01 0.42 ~ 0.01 0.91 • 0.01 0.45 ~ 0.01 1,).93 + 0.01 0.58 ~ 0.02 
5-MIAA I).82 . 0.01 I).36 • 0.02 0.80 _+ 0.01 0.35 + 0.01 0.81 • 0.01 0.41 '-- 0.01 0.83 _':. 0.01 0.36 ' 0.01 

Values are the Mean _-'- S.E.M. 

o f  5-H'I- to 5-H IAA is s igni f icant ly  e n h a n c e d  fo l lowing  24, 48 
and 72 hr  o f  food  dep r iva t i on  whi le  the  t u r n o v e r  o f  5-MT is 
not  af fected.  T h e s e  resu l t s  arc  in a g r e e m e n t  and  ex t end  o u r  

p r e v i o u s l y  r e po r t e d  da ta  on the  e f fec t s  of food dep r iva t i on  
on s e r o t o n i n  t u r n o v e r  in the lateral  h y p o t h a l a m u s .  
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