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KANTAK, K. M., M. J. WAYNER AND J. M. STEIN. Efl~'cts of  various period,~ of food deprivation on .~ertmmin 
synthesis in the lateral h.vpothalamus. PHARMAC. BIOCHEM. BEHAV. 9(4) 535-541, 1978.--One hr following an 
infusion of :;H-L-tryptophan, the lateral hypothalamus was perfused with physiological bacteriostatic saline for 40 rain. 
Samples of perfusate, which corresponded to 75-90 rain post-infusion, were analyzed by thin layer chromatography for 
estimation of :'H-labelled L-tryptophan, 5-hydroxytryptophan and 5-hydroxytryptamine. The results indicate that tryp- 
tophan uptake and serotonin synthesis are enhanced as a function of hours of food deprivation. 
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FOOD deprivation results in an increase in brain tryptophan. 
Blood tryptophan is bound to albumin and is also in the free 
form which crosses the blood-brain barrier [22]. During food 
deprivation plasma albumin bound tryptophan decreases due 
to its displacement from albumin binding sites by nones- 
terified free fatty acids which increase as a result of lipolytic 
processes associated with food deprivation [23]. As plasma 
albumin bound tryptophan decreases, plasma free form tryp- 
tophan increases with food deprivation and more tryptophan 
becomes available in the brain [271. 

Serotonin ~5-HT) turnover increases in the whole bruin 
13,261, in several brain regions [211, and in the lateral 
hypothalamus 119,201 following 24 hr of food deprivation. In 
addition whole brain and regional tryptophan concentrations 
increase. Following longer periods of food deprivation 5-HT 
turnover in the lateral hypothalamus remains elevated 1191. 
The purpose of the present study was to investigate the ef- 
fects of food deprivation on 5-HT synthesis in the lateral 
hypothalamus. Food deprivation periods of 0, 24, 48 and 72 
hr were used. Serotonin synthesis was determined using 
push-pull cannulae perfusions with radiolabelled 
L-tryptophan to measure the efflux of tritium labelled 
5-hydroxytryptophan (5-HTP) and 5-HT. 

METHOD 

A nimal.~ 

Twenty male hooded rats, 314-486 g, from our colony 
were used in this experiment. Animals were housed in indi- 

vidual living cages. They had free access to Purina Lab 
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. 

Sur,~,e~3' amt Histolo,~,y 

Surgery was performed under Equi-Thesin 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 14] 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 
cannula. Four stainless steel screws were used to attach the 
cannula to the skull and the implant was secured with acrylic 
dental cement. There was 1 week of post-operative care 
prior to the start of the experiment. At the end of the experi- 
ment all animals were perfused intracardially, first with 0.9c/~ 
NaCI, and then with neutralized 10f4 Formalin plus 0.9~ 
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. 

Apparatu.~ 

The perfusion chamber consisted of a 20×20×50 cm 
Plexiglas box with a standard stainless steel rod grid floor 

'This research was supported by NSF Grant BNS74-01481 and NIMH Training Grant MH-14258. 
ePresent Address: Laboratory of Behavioral Neurochemistry. Waisman Center--Rm. 609. University of Wisconsin. 1500 Highland Avenue, 

Madison, Wl 53706. 
'Send reprint requests to M. J. Wayner at the Brain Research l,aboratory. 
'Department of Physiology anti Biophysics, Regional Primate Research Center, University of Washington, Seattle. WA 98195. 

Copyr ight  ~ 1978 A N K H O  In te rna t iona l  !nc.--0091-3057/78/100535-07501.20/0 



536 KANTAK, WAYNER AND STEIN 

enclosed in an illuminated sound attenuating cubicle fitted 
with an exhaust fan. Push-pull perfusions were performed 
using a Sage Instruments Model 375 A tubing pump. All 
radioactive determinations were made with a Tracerlab 
Corumatic 100 A scintillation counter. 

Pro('edltr(' 

Following the 1 week postoperative period, all animals 
were placed in individual living cages for I0 days prior to 
push-pull perfusion. Daily home cage food and water intakes 
and body weight were recorded at 1600 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 
food 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 11, 0.5 p, Ci ( 13.0 ng) 
of 3H-l,-tryptophan (specific activity = 7.9 Ci/m mole. New 
England Nuclear) was infused via the push-pull cannula into 
the lateral hypothalamus of each animal at 10OJ hr. This 
procedure utilized a Harvard infusion pump and 0.5 ~1 was 
infused at a rate of 1.0 pJ/min. Following the infusion, ani- 
mals were placed into the perfusion chamber for 1 hr. At 
1100 hr the animals were perfused for 40 min with 0.9~ • 
bacteriostatic NaCI (Eli Lilly and Co.) at a rate of approx- 
imately 20 /zl/min. Eight 5 min samples of perfusate were 
collected. Each collection vial contained 0.5 ml of 1.0 N 
formic acid. Each animal received only one perfusion. A 20 
#1 aliquot was taken for each 5 min sample and pipetted into 
a glass scintillation counting vial (Kimble Products). This 
vial contained 5 drops of Bio Solv (Beckman Instruments) 
and 10 ml of a liquid scintillation cocktail (6 /~g PPO/I to- 
luene). The 8 vials for 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 convened to #Ci/5 min sample. 

Samples 4, 5, and 6 which correspond to 75-90 min post- 
infusion of :~H-L-tryptophan, were further analyzed by thin 
layer chromatography (TLC). Twenty p,l of perfusate from 
samples 4, 5 and 6 were spotted on individual cellulose 
coated TI,C plates (Brinkman). In addition, 0.25 p,I (2.5/xg 
dissolved in 1.0 N formic acid) of serotonin creatinine sulfate 
(Calbiochem) and 0.50 ~1 (5.0 p,g dissolved in 1.0 N formic 
acid) of l,-tryptophan and l,-5-hydroxytryptophan ethylester 
HCL (Calbiochem) were spotted on each plate as cold car- 
rier standards. A :{H-L-tryptophan standard plate was pre- 
pared in the above manner for each perfusion. However, 20 
p,I of freshly prepared solution of :{H-l,-tryptophan, 0.9c/; 
NaCI and 1.0 N formic acid were spotted on the plate. There 
were approximately 2(X~0-4000 dpm/20 /zl. A bidirectional 
solvent system was used to develop the TI,C plates. Solvent 
I consisted of butanol, 1.0 N formic acid and methanol 
13:1:1). Solvent II consisted of isopropanol, ammonia and 
triple distilled water (8: 1: 1). Upon removal from the second 
solvent the 3 spols on each plate were detected with Erlich's 
Reagent (7;4 v/v). Each of these spots and the origin were cut 
into two Ix2 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 before 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 formic acid and re- 
covery of counts l¥om the corresponding aliquot vial. Final 

dpm for each compound were converted to nCi/5 min sam- 
ple. 

RESUI,I 'S  

Histolo,~,y 

The tips of all cannulae were in the lateral hypothalamus, 
lateral 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, 5.8- 
4.2. There was no evidence that the unilateral lateral 
hypothalamic destruction due Io the cannula had any effect 
on daily food and water intakes and body weight. 

Aliqm~t Analysis 

Data collected from the eight 5 min samples were 
analyzed by a 4x8 analysis of variance with repeated meas- 
ures. The factors were the 4 groups and the 8 time periods 
post-infusion. The group factor was not significant. As 
would be expected, there was a significant main effect in the 
tzCi/5 min for the time factor, F(7,112)=5.85,p<0.01. Tukey 
A tests of the differences among the 75-80, 80-85, and 85-90 
min samples were not significant. However, the efflux of 
total radioactivity was not similar for each group because 
there was a significant Group x Time interaction effect, 
F(21,112)=2.02, p<0.05. Analysis by simple main effects of 
Groups at each level of Time revealed significant group 
differences at time 60-65, 65-70, 70-75, 75-80, and 80-85 
rain post-infusion, p<0.05. Further testing by Tukey A tests 
demonstrated that there was significantly more total 
radioactivity per 5 min in the 0 hr food deprivation control 
group than in the 24, 48 or 72 hr deprivation groups for each 
time sample analyzed, p<.0.05. In addition, there were no 
significant differences among the 24, 48 and 72 hr groups in 
the total radioactivity per 5 min at any of the time samples 
analyzed. Because radioactivity in the perfusate is picked up 
from extraneuronal spaces [33l and food deprivation has 
been shown to increase the uptake of tryptophan 
intraneuronally [7], these data clearly demonstrate that 24, 
48 and 72 hr of food deprivation increase the uptake of 
:~H-L-tryptophan into serotonergic neurons in the lateral 
hypothalamus. The :¢H-washout curves are presented in Fig. 
1 for all groups of rats. 

TI, ( "  A m;h.si.~ 

Figure 2 represents the mean nCi/5 rain of :'H-I.- 
tryptophan detected in the perfusale after bidirectional TI,C 
separation from samples taken 75-90 min post-infusion. A 
one way analysis of variance was performed and significant 
differences were found. F(3,16)=6.24, p<'0.01. A Dunnett 's 
test revealed that the :'H-L-tryptophan detected after 24 
(p--".0.025), 48 (p <0.025), and 72 (p--~().OI) hr of food depriva- 
tion was significantly less from the 0 hr deprivation control 
group. These differences must be related to changes in 
serotonergic neuronal activity in the lateral hypothalamus 
tbllowing food deprivation and again indicate that 24.48 and 
72 hr of food deprivation increase the uptake of tryptophan 
intraneuronally. 

For statistical analysis of the metabolite data non- 
parametric statistics were used because of the non-normal 
nature of these data. With the methods employed in these 
experiments, the minimum detectable amount or sensitivity 
is in the picogram range. Thus when no radioactivity is de- 
tected over the background, the lack of measurable counts 
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FIG. I. Mean/aCi:'5 min sample of total radio~tctivity. Time is in rain post-infusion of 'H-L-tryptophan. 
0 hr ~ • :  24 hr • . . . .  • :  48 hr • . . . . . .  • ;  and 72 hr • ...... • food deprived groups. 

does not necessarily imply a lack of metabolism. Because 
most of the radioactivity from a push-pull perfusion remains 
as the labelled compound used, there are no problems in 
detection and the data conforms properly to parametric 
statistics. However, the metabolites from the labelled com- 
pound represent small amounts of radioactivity and it is 
common in some samples to fail to detect any counts over 
background. Because the validity of the zero values could 
not be determined, a non-parametric statistic, the Mann- 
Whitney U test, was used for statistical analysis of the 
metabolite data. Zero values were not used in the analysis. 

Figure 3 represents the :~H-5-HTP formed from :'H-L- 
tryptophan, 75-90 min post-infusion. There were no signifi- 
cant differences in the nCi/5 min when each deprivation 
group was compared to the 0 hr food deprivation control 
group. 

Figure 4 represents the :~H-5-H'F formed from :~H-I.- 
tryptophan, 75-90 min post-infusion. The nCi/5 min were 
significantly higher following 24 hr of food deprivation 
(U=4, n,=4,  ne=8, /;<0.024) when compared to the 0 hr 
control group. The :'H-5-HT measured following 48 hr and 72 
hr of food deprivation were not significantly different from 
the 0 hr control group. 

The :~H-L-tryptophan standard plates showed good specif- 
icity for the TLC separations (Table I). The majority of the 
radioactivity on the standard plates was detected at the spot 
for tryptophan and the origin. A small percentage of 
radioactivity was non-specific with respect to the tryptophan 
spot and appeared at the spots of all metabolites co- 
chromatographed with the :~H-L-tryptophan. In a percentage 
comparison of radioactivity from lateral hypothalamic perfu- 
sate and the standard plates ('Fable 2), the majority of the 
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FIG. 2. Mean nCi:5 min of  :H-L-tryptophan, 75-90 mm post- 
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FIG. 3. Median nCi:5 min of ~H-5-HFP. 75-91) rain post-infusion in O, 
24, 4~ and 72 hr food deprived groups. 

radioactivity attributable to the perfusatc metabolites w~s 
specific except for the 0 hr deprivation group. In this group. 
the percentage spread of  radioactivity was similar in the per- 
fusate and standard plates. This probably represents little if 
any functional synthesis and might be related to the ex- 
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FIG. 4. Median nCi,'5 rain of 'H-5-HT, 75-9~) rain post-infusion in 0, 
24, 48 and 72 hr food deprived groups. *Significantly different from 

the 0 hr group. 

tremely slow 5-HT synthesis rate found in the hypothalamus 
compared ~o other brain regions [2,21J. 

The Rf values are presented in Table 3. As can be seen 
from the table, each spot is discretely separated from all 
other spols and the location is very consistent from plate to 
plate. 

DISCUSSION 

The results indicate an enhanced synthesis of serotonin in 
the lateral hypothalamus as a function of hours of food de- 
privation. Following 24 hr of food deprivation there was an 
increased formation of  :'H-5-HT. There were no differences 
in :~H-5-HT formation following 48 and 72 hr of fot~d depriva- 
tion. However,  statements concerning synthesis can not he 
made without consideration of turnover 113]. As demon- 
strated in a previous study 119], there was significantly more 
5-HIAA formed lk)llowing 48 and 72 br of food deprivation 
than at 0 and 24 hr of deprivation. The data indicate that 
more of the :'H-5-HT formed is being metabolized at a faster 
rate following 48 and 72 hr of [hod deprivation. Under these 
conditions, increased synthesis would be masked by faster 
turnover. Increases synthesis could he detected following 
24 hr of food deprivation because the turnover to :~H-5-H1AA 
is not as great as that following 48 and 72 hr food deprivation. 
The interpretation that synthesis is increased following 24, 
48 and 72 hr of  food deprivation is further supported by ~he 
data showing that tryptophan uptake is enhanced as a resul! 
of 24, 48 and 72 hr deprivation. If lhe rate of synthesis of 
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T A B I . E  1 

;H-I.-TRYPTOPHAN STANDARD PLATES 

0 24 48 72 

"rryptophan , Origin 99.27:: ± 0.51c; 97.27':; ; 1.59'?; 97.75(7; ± 0.48(; 97.0Y:; : 0.68'; 
5-H'I"P (1.25c~ + 0.17:,; 1.27('~ ± 0.49":; 0.76r¢ t-_ 0.27'; 1.51'; .'_ 11.36':; 
5-HT (1.48':; _+ (|.21"; 1.45c; - (I.g6":; 1.4tY:; ~" lAW'/ 1.46'; - 0.41'; 

Values are the Mean .:_ S.E.M. ' ;  of total radioactivity. 

T A B I , E  2 

COMPARISON OF RADIOACTIVITY FROM THE PEREUSATE AND SPECIFIC AND NON-SPECIFIC SPREAD ON 
THE STANDARD PI.ATES 

0 24 48 72 
Perf Std Perf Std Pen" Std Pen" Std 

'H-lAryptophan • Origin 99.47': 99.275; 83.7ty; 97.27'; 94.47G 97.755:: 90.5ff,; 97.03'; 
;H-Metabolite 0.53(:; (I.73':; 16.2 I"; 2.73' ; 5.53'; 2.25(:; 9.44(:: 2.97' ; 

Values are the Mean (; of total radioactivity fouml on the standard plates ~Std) and in the perfu,,ate I Perfl 75-90 
rain post-;nilus;on. 

T A B I . E  3 

RF VAI.UES 

0 24 48 72 

1 11 1 I1 1 11 1 11 

Tryptophan 0.49 +_ 0.01 0.35 + 0.01 0.49 _, 0.01 0.36 _+ 0.01 0.46 r 0.01 0.39 ± 0.01 0,40 - 0.01 0,34 ; 0.01 

5-HI 'P 0.75 +_ 0.01 0.93 ~ 0.01 0.74 ~ 0.01 0.93 :_ 0.01 0.69 _+ 0.01 0.94 , 0.0] 0.?1 _~ 0.01 0.93 ~ 0,01 

5-Hi  0.49 ± 0.01 0.75 ~ 0.01 ~2 ~ 0.01 0.78 .~. 0.0l 0.46 ± 0.01 0.75 , 0.0| 0.48 + 0.01 0.72 , 0.DI 

Values are the Mean * S.E.M. 

5-HT were  the  same fol lowing 0, 48 and 72 hr  of  depr iva t ion ,  
then  one  would not  expec t  d i f fe rences  in t r y p t o p h a n  up take  
and 5 -HT t u r n o v e r  to 5 -HIAA.  These  2 m e a s u r e s  are indica- 
l ive of  5 -HT syn lhes i s  ra te  [8]. The re fo re ,  an increased  syn- 
thes is  of  5 -HT in the  lateral h y p o t h a l a m u s  is indica ted  fol- 
lowing 24 .48  and  72 hr  of  food depr iva t ion .  In addi t ion ,  if the 
da ta  are exp re s sed  as a rat io  of  metabo l i t e  to subs t ra t e  [ 19], 
then the fo rmat ion  of  : 'H-5-HT from " H - L - t r y p t o p h a n  is sig- 
nif icant ly e n h a n c e d  fol lowing 2 4 . 4 8  and  72 hr  of  food depri-  
val ion.  

The  inc reased  se ro ton in  syn thes i s  and  t u r n o v e r  obse rved  
fol lowing food depr iva t ion  is impor tan t .  S ince  t u r n o v e r  of  
ex t r aneu rona l l y  re leased se ro ton in  is the best  index of  func- 
t ional  se ro ton in  ut i l izat ion 19], more  se ro ton in  must  be func- 
t ional ly ac t ive  fol lowing food depr iva t ion  up to 72 hr in the 
lateral h y p o t h a l a m u s .  The  behav iora l  s igni f icance  of  the in- 
c reased  se ro ton in  ut i l izat ion might be invo lved  in the in- 
c reased  motor  ac t iv i ly  which  a c c o m p a n i e s  food depr iva t ion  
and which  is media ted  by hypo tha l amic  m e c h a n i s m s  [32]. 

The re  is cons ide rab l e  pha rmaco log ica l  ev idence  that  
s u b s t a n c e s  such as L - t r y p t o p h a n  [8, 10, 17, 24], 
5 - h y d r o x y l r y p t o p h a n  124], f luoxet ine  [15], ch lo r imip ramine  
1241, p a r a - c h l o r o a m p h e t a m i n e  I291, f en f lu ramine  1291, 
qu ipaz ine  112] and veram~mine  1161 p roduce  a specific 

s e ro ton in -med ia t ed  hyperac t iv i ty  syndrome .  All these  sub- 
s t ances  can act to e i the r  increase  funct ional  se ro ton in  avail-  
abili ty or mimic sero tonin .  When  funct ional ly  ac t ive  seroto-  
nin is increased ,  so is mo to r  act ivi ty 191. Al though lhe 
hyperac t iv i ty  is s e ro ton in -med ia t ed ,  it is also dopamine  de- 
penden t  110,171. The  act ivi ty  of  the se ro tonerg ic  neu rons  
which  produce  the hyperac t iv i ty  depends  upon adeqt .a te  
d o p a m i n e  concen t r a t i on .  Dopamine  deple t ion  or  b lockade  
b reaks  the  neu rona l  s equence  necessa ry  for the  behav iora l  
expres s ion  of  5-HT recep tor  site s t imulat ion.  

The  hypo thes i s  thal increased  se ro lon in  ut i l izat ion is in- 
volved  in lhe p roduc t ion  of mo lo r  ac t iv i ty  is fu r ther  sup- 
por ted  by data  showing  tha t ,  within normal  c i rcadian  varia- 
t ion,  se ro ton in  t u r n o v e r  and t r y p t o p h a n  concen t r a t i on  are 
highest  dur ing the dark phase  of  a l ight /dark cycle for ra ts  
[13, 14, 25]. This  occurs  not only  in the whole  brain bul a lso 
regiomdly in the  cor lex ,  brain s tem and hypo tha l amus .  Rats 
are normal ly  more  ac t ive  dur ing  the dark phase  and food 
depr iva t ion  up to 96 or  120 hr  has  been  shown Io increase  
mo to r  act ivi ty as well i l ,28] .  Since se ro ton in  t u rnove r  has  
been  shown  to increase  unde r  both  cond i t ions ,  the increased  
act ivi ty might be se ro ton in  media ted .  3"he increased  act ivi ty 
fol lowing food depr iva t ion  canno t  be a c c o u n t e d  for solely by 
the ca techo lamines .  Fol lowing 22 hr of  food depr iva t ion ,  in- 
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c r e a s e s  in h y p o l h a l a m i c  d o p a m i n e  level  a n d  n o r e p i n e p h r i n e  
and  d o p a m i n e  s y n t h e s i s  a r e  f o u n d  151. O t h e r  i n v e s t i g a t o r s  
f o u n d  tha t  t he  i n c r e a s e d  h y p o t h a l a m i c  n o r e p i n e p h r i n e  re- 
l e a se  f o l l o w i n g  16 h r  f ood  d e p r i v a t i o n  is no t  c o r r e l a t e d  wi th  
m o t o r  a c t i v i t y  [31I. H o w e v e r ,  t he  i n c r e a s e d  d o p a m i n e  re- 
l ea se  f o l l o w i n g  16 h r  o f  food  d e p r i v a t i o n  is c o r r e l a t e d  w i th  
m o t o r  a c t i v i t y  but  at  a t i m e  lag o f  10 rain.  T h i s  m igh t  be  
r e l a l ed  to t he  d o p a m i n e  d e p e n d e n c y  o f  s e r o t o n i n  m e d i a t e d  
h y p e r a c t i v i t y .  

M o t o r  a c t i v i t y  is no t  t h e  o n l y  b e h a v i o r  w h i c h  migh l  in- 

v o l v e  s e r o t o n i n  u t i l i za t ion .  T h e r e  is e v i d e n c e  tha t  s e r o l o n i n  
migh t  be  i n v o l v e d  in m a n y  d i f f e r en l  b e h a v i o r s  s u c h  as  s l e e p  
[181, s e x u a l  b e h a v i o r  161, and  a g g r e s s i o n  1301. T h e  e x a c t  role  
o f  s e r o t o n i n  in a n y  o f  t h e s e  b e h a v i o r s  is u n k n o w n .  If 
s e r o l o n i n  is d i r ec t l y  i n v o l v e d  in l he  m e d i a t i o n  o f  t h e s e  
b e h a v i o r s  o r  i n t e r a c l s  wi th  o t h e r  n e u r o t r a n s m i t t e r s  o r  
n e u r o p e p t i d e s  to p r o d u c e  t h e s e  e f f e c t s  r e m a i n s  to be  de l e r -  
m i n e d .  An  i m p o r l a n t  po in t  is tha t  s e r o t o n i n  t, t i l i za t ion  m i g h t  
be  i n v o l v e d  wi th  t he  fac i l i t a t ion  o f  b e h a v i o r  as  well  a s  its 
i nh ib i t i on .  
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