
Pharmacology Biochemistry & Behavior, Vol. 6, pp. 221 --225. Copyright © 1977 by ANKHO International Inc. 
All rights of reproduction in any form reserved. Printed in the U.S.A. 

Turnover of aH-5-Hydroxytryptamine to 
aH-5-Hydroxyindoleacetic Acid and the 

aH-5-Methoxyindoles in Non deprived and 
24 Hr Food Deprived Rats' 

K. M. KANTAK,  M. J. WAYNER,  H. A. TILSON AND A. SVED 

Brain Research Laboratory, Syracuse, University, 601 Universitv Avenue 
Syracuse, N Y  13210 

(Received 1 Oc tober  1976) 

KANTAK, K. M., M. J. WAYNER, H. A. TILSON AND A. SVED. Turnover of 3H-5-hydroxytryptamine to 
3H-5-hydroxyindoleacetic acM and the 3H-5-methoxyindoles in nondeprived and 24 hr food deprived rats. PHARMAC. 
BIOCHEM. BEHAV. 6(2) 221-225, 1977. - Serotonin turnover in the lateral hypothalamus (LH) was determined in 
nondeprived and 24 hr food deprived rats. The LH was infused with 0.5 ~Ci of 3H_5_hydroxytryptamine I hr prior to 
push-pull perfusion. The percentage of nCi/#Ci of radioactivity was analyzed by thin layer chromatography and liquid 
scintillation spectrometry. There was significantly more 5-hydroxyindoleacetic acid and 5-methoxytryptamine formed in 
the 24 hr food deprived rats. These results indicate a faster 5-hydroxytryptamine turnover rate in the LH of 24 hr food 
deprived rats than in nondeprived rats. 
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WHOLE brain 5 -hydroxy indo leace t i c  acid (5-HIAA) in- 
creases fol lowing 2 2 - 2 4  hr food depr ivat ion [2 ,12 ] ;  
whereas,  brain se ro ton in  (5-HT) ei ther  increases slightly 
fol lowing food deprivat ion [2] or is unchanged  [121. 
Regional de te rmina t ions  fol lowing 24 hr food depr ivat ion 
indicate increases in 5-HT and /o r  5-HIAA in the cor tex ,  
s t r ia tum, cerebel lum,  and midbrain  plus h ippocampus .  No 
changes in 5-HT or 5-HIAA are found  in the h y p o t h a l a m u s  
fol lowing 24 hr hr food depr ivat ion [6] .  Since the lateral 
hypo tha l amus  (LH) conta ins  5-HT nerve terminals  [4] and 
5-HT metabol i sm within the h y p o t h a l a m u s  has no t  been 
s tudied in food  deprived animals,  the present  expe r imen t  
was conduc t ed  to de te rmine  lateral hypo tha l amic  changes 
in 5-HT, 5-HIAA, 5-MT ( 5 - m e t h o x y t r p t a m i n e ) ,  5-MIAA 
(5 -methoxy indo leace t i c  acid) and 5-MTPhol (5 -me thoxy-  
t ryp topho l )  in 24 hr food deprived and nondepr ived  rats. 
The m e t h o x y i n d o l e s  were also de te rmined  because 
5-MT has been found  in the rat h y p o t h a l a m u s  using gas 
chromatographic -mass  spec t romet r ic  techniques  [5, 7, 8] .  
In addi t ion,  sero tonin  can serve as a subst ra te  for  indole-N- 
me thy l  transferase with 5 -me thy l t e t r ahydro fo l i c  acid as the 
me thy l  donor  [1 ,9] .  Under  these condi t ions ,  mainly 5-MT 
is fo rmed  as the me thy la t ed  p roduc t  of  5-HT. 

METHOD 

Animals 

Ten male h o o d ed  rats ( 3 5 6 - 4 3 0  g) from our colony 
were used in this exper iment .  Animals were housed  in 
individual living cages. They had free access to Purina Lab 
Chow blocks and water  unless o therwise  stated.  Animals 
were kept  on a cons tan t  light-dark cycle. The 12 hr light 
phase began at 0600 hr and was fol lowed by a 12 hr dark 
phase. The room tempera ture  was main ta ined  at 70 ° + 2 ° F. 

Surgery and Histology 

Surgery was per fo rmed  under  Equi-Thesin anesthesia 
(Jensen-Salsbery Laboratories)  at a dose of 3 cc/kg. Each 
animal was implanted  with a concent r ic  push-pull  cannula 
in the right LH according to p rede te rmined  DeGroot  [3] 
coordinates :  AP - 5 . 4 ,  L 1.8, V 3.0 mm from the 
interaural  line. The tip of  the implan ted  outer  cannula was 
si tuated 0.5 mm above the LH. The inner cannula ex t ended  
0.25 to 0.50 mm beyond  the end of the outer  cannula. 
Four  stainless steel screws were used to a t tach the cannula 
to the skull and the implant  was secured with acrylic dental  
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cement .  There  were 2 weeks of  pos tope ra t ive  care pr ior  to 
the s tar t  of  the  expe r i m en t .  At  the  end of the  e x p e r i m e n t  
all an imals  were per fused  in t racard ia l ly ,  first wi th  0.9% 
NaC1 and  t h e n  with neura l ized  10%, Fo rma l in  plus 0.9g, 
NaC1. The brains  were removed ,  f rozen,  and  sec t ioned  at 60 
~. Tissue was s ta ined wi th  cresyl violet  and  e x a m i n e d  to 
de t e rmine  loca t ion  of  the  cannu la  tip. 

Apparatus 

The tes t  c h a m b e r  consis ted  of  a 20 x 20 x 50 cm 
Plexiglas box  wi th  a s t andard  stainless steel rod  grid f loor ,  
enc losed  in an i l l umina ted  sound  a t t e n u a t e d  cubicle  f i t ted  
wi th  an exhaus t  fan. Push-pull  pe r fus ions  were p e r f o r m e d  
using a Sage I n s t r u m e n t  Model  3 7 5 A  tub ing  pump .  All 
rad ioac t ive  d e t e r m i n a t i o n s  were made  wi th  a Beckman  
Model  LS 100-C scir~tillation coun te r .  

Procedure 

Fol lowing  the  2 week pos tope ra t ive  per iod ,  all an imals  
were p laced in to  indiv idual  living cages for  10 days pr ior  to  
push-pul l  per fus ion .  Daily h o m e  cage food  and  wate r  
in takes  and  b o d y  weights  were r ecorded  at 1600 hr. On 
Day 10 the  an imals  were divided in to  two groups  of 5 
animals  each. One group of an imals  c o n t i n u e d  feeding on 
an ad lib basis on  Day 10. The o the r  group of  animals  was 
depr ived  of  food  at 1000 hr  on  Day 10. On Day 1 1 , 0 . 5 u l  
(23.0  ng) of  3 H - 5 - h y d r o x y t r y p t a m i n e  b inoxa l a t e  (specif ic  
act ivi ty = 5.7 C i /mmole ,  New England Nuclear)  was infused 
via the  push-pul l  cannu la  in to  the  LH of  each animal  at 
1000 hr. This  p rocedu re  ut i l ized a Harvard in fus ion  p u m p .  
Eiquid was infused at a rate of 1.0 u l /min .  Fo l lowing  the  
infus ion,  an imals  were placed in to  the  tes t ing  c h a m b e r  for  1 
hr. At  1100 hr  the  an imals  were per fused  for 40 min  wi th  
0.9% bac te r io s t a t i c  NaC1 (Eli Lilly and Co.) at an average 
rate of  19.57 ± 1.11 u l /min .  Eight  5 rain samples  of 
per fusa te  were col lected.  Each co l lec t ion  vial c o n t a i n e d  0.5 
ml of  1.0 N fo rmic  acid. Each an imal  received only 1 
perfus ion.  A 20 ul a l iquot  was t aken  for  each 5 min  sample  
and p ipe t t ed  in to  a glass sc in t i l la t ion  c o u n t i n g  vial (Kimble  
Products ) .  This  vial c o n t a i n e d  5 drops  of  Bio Solv 
(Beckman  I n s t r u m e n t s )  and  10 ml of a l iquid sc in t i l la t ion  
cockta i l  (6 g PPO/1 to luene) .  The  8 vials for  each per fus ion  
were t hen  c o u n t e d  in the  sc in t i l la t ion  coun te r .  The  cpm 
were cor rec ted  for  b a c k g r o u n d  (21 .80  ± 1.08 cpm),  
ef f ic iency (39 44%),  and d i lu t ion  wi th  fo rmic  acid (49.1 + 
0.72%). Final  dpm were conve r t ed  to uCi/5  rain sample.  

Samples  4, 5, and  6, which  co r r e s ponded  to 75 90 rain 
pos t i n fus ion  of  3 H - 5 - h y d r o x y t r y p t a m i n e ,  were f u r t h e r  ana- 
lyzed by th in  layer  c h r o m a t o g r a p h y  (TLC).  T w e n t y  ~1 of  
per fusa te  f rom samples  4, 5, and  6 were spo t t ed  on 
individual  cellulose coa ted  TLC plates  (Br inkman) .  In 
add i t ion ,  0.25 ul (2.5 ug dissolved in 1.0 N fo rmic  acid) of 
the fo l lowing cold carr ier  s t andards  were spo t t ed  on each 
plate:  s e ro ton in  c rea t in ine  sulfate  (Ca lb iochem) ;  5-hy- 
d roxy indo leace t i c  acid c y c l o h e x y l a m m o n i u m  salt (Calbio- 
c h e m ) ;  5 - m e t h o x y t r y p t a m i n e  (Ca lb iochem) ;  5-meth-  
o x y t r y p t o p h o l  (Sigma);  and  5 -me thoxy indo le -3 -ace t i c  acid 
(Regis). A 3 H - 5 - h y d r o x y t r y p t a m i n e  s t anda rd  pla te  was 
p repa red  in the  above  m a n n e r  for  each  per fus ion .  However ,  
20 ul of  a f reshly p repa red  so lu t ion  of  3H-5-hydroxy-  
t r y p t a m i n e ,  0.9% NaC1 and  1.0 N formic  acid were spo t t ed  
on the  plate.  There  were a p p r o x i m a t e l y  4 0 0 0 - 6 0 0 0  
d p m / 2 0  ul. A b id i rec t iona l  solvent  sys tem was used to 
develop the  TLC plates.  Solvent  I consis ted  of  bu tano l ,  1.0 

N formic  acid and m e t h a n o l  (3 :1 :1 ) .  Solvent  II consis ted of  
i sopropano l ,  a m m o n i a  and triple disti l led wate r  (8 :1 :  1). 
Upon  removal  f rom the  second solvent  the  5 spots  on each 
plate  were de tec ted  wi th  Er l ich 's  Reagent  (7% v/v). Each of  
these spots  and the  origin were cut  in to  two 1 × 2 cm 
strips. Each strip was placed in to  an individual  coun t ing  vial 
con ta in ing  1.0 ml m e t h a n o l .  The  str ips in m e t h a n o l  were 
al lowed to elude for 24 hr  before  the  add i t ion  of the 
sc in t i l la t ion  cocktai l .  The vials were then  c o u n t e d  in the 
sc in t i l la t ion  counte r .  The cpm were cor rec ted  for  back- 
g round  (20 .82  -+ 1.70 cpm),  e f f ic iency ( 1 0 - 4 4 % ) ,  d i lu t ion  
wi th  fo rmic  acid (49.41 ± 0.72(~), and recovery of coun t s  
f rom the  co r r e spond ing  a l iquot  vial (35 .15  + 9.90%). Final  
dpm for  each c o m p o u n d  were conve r t ed  to the percentage  
of nCi /uCi  of to ta l  rad ioac t iv i ty .  

R E S U L T S  

His to log)' 

The an te r io r -pos te r io r  ex t en t  of  the lesions were as 
follows: 6 . 6 - 4 . 4  m m  in the  ad lib con t ro l  animals  and 
5 . 8 - 5 . 0  m m  in the  24 hr  food  depr ived rats. This is well 
wi th in  the an te r io r -pos te r io r  l imits  of the  LH accord ing  to 
the DeGroo t  atlas [3 ] .  There  was no evidence tha t  these 
uni la tera l  LH lesions had  any effects  on daily food and 
wate r  in takes  and  body  weight.  
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Aliquot Analysis 

Data col lected f rom the eight 5 min samples were 
analyzed by a 2 x 8 analysis of variance. There were no 
significant d i f ferences  be tween  the uCi of 3 H-washout  for  
the group main effect .  As would be expec ted ,  there was a 
significant main effect  in the uCi for the t ime pos t infus ion ,  
F(1,7)  = 17.33, p<0 .01 .  Tukey A tests o f  the di f ferences  
among  the 7 5 - 8 0 ,  8 0 - 8 5  and 8 5 - 9 0  min samples were 
not  significant.  Therefore ,  the eff lux of  radioact ivi ty  was 
similar in the samples upon  which the TLC analyses were 
pe r fo rmed .  The 3 H-washout  curves are p resen ted  in Fig. 1 
for bo th  groups of  rats. 

TLC Analysis 

Turnover  of  5-HT to all four  metabo l i t e s  was de tec ted  in 
both  groups of  rats during the 7 5 - 9 0  rain pos t in fus ion  
period.  However,  5-HT turnover  was d i f fe rent  in nonde-  
prived and 24 hr food  deprived rats. For  the total  15 min 
period,  there was a significantly higher  percentage  of 
nCi/uCi for  5-HIAA and 5-MT in the 24 hr food deprived 
group (Mann-Whitney U, p<0 .025 ) .  No di f ferences  were 
found  in the percentage of  nCi/uCi for  5-HT, 5-MIAA, and 
5-MTPhol during this 15 min period.  These data are 
presented  in Fig. 2. Examina t ion  of the 5 min TLC data 
revealed that  the 5-HIAA increases with food deprivat ion 

occurred during the 7 5 - 8 0  and 8 5 - 9 0  min periods.  The 
increases in 5-MT with food deprivat ion occurred during 
the 8 5 - 9 0  rain period.  This was due to a significant 
increase in 5-MT over t ime in the 24 hr food deprived 
group, F(2,30)  = 5.05, p<0 .05 .  Analysis of variance of  the 
t ime di f ferences  on these 5 min data were carried out  af ter  
the percents  were t r ans fo rmed  to the arc-sin. There were no 
significant increases or decreases over t ime in all o ther  
c o m p o u n d s  for bo th  groups of  rats. These data are 
presented in Figs. 3 and 4. 

Examina t ion  of the s tandard  plates revealed good 
specificity for the TLC separations.  The major i ty  of  the 
radioactivi ty on the s tandard plates was de tec ted  at the 
spot  for 5-HT (93.42 -+ 6.02%; Rf, = 0.50 -+0.02, Rf~ = 
0.70 + 0.05). The o ther  6.58% of radioact ivi ty was 
nonspecif ic  and appeared in the spots  o f  the o the r  
c o m p o u n d s  or remained  at the origin. These values were: 
5-HIAA, 1.50 ± 1.73%, (Rf~ = 0.77 + 0.01, Rf2 = 0.22 + 
0.02); 5-MT, 1.55 + 2.99% (Rf,  = 0.65 ± 0.02, Rf: = 0 . 8 5  
± 0.04); 5-MIAA, 0.60 ± 1.13% (RfL = 0.81 + 0.02, Rf2 = 
0.35 ± 0.03); 5-MTPhol, 1.26 + 1.93% (Rf~ =0 .91  ± 0.01, 
Rf: = 0.46 + 0.05); and origin, 1.67 + 3.07%. 

D I S C U S S I O N  

Since larger amoun t s  of  5-HIAA and 5-MT were fo rmed  
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in the LH of 24 hr food  deprived rats, a higher 5-HT 
turnover  rate is indica ted  under  these condi t ions .  This 
regional di f ference in 5-HT turnover  could easily be 
obscured  in the whole  h y p o t h a l a m i c  de t e rmina t ion  which 
was repor ted  earlier and showed  no d i f ference  in 5-HT 
metabol i sm during 24 hr food deprivat ion [6 ] .  The 

assaying of  a whole brain or f rac t ion of a brain can obscure  
discrete variation in neurochemica l  activity [ 10].  The data 
r epor ted  here do suppor t  the different ial  effects  of  5-HT on 
LH neurons  when  tes ted individually by means  of  micro- 
ion tophores i s  [11] and the h i s tof luorescence  of  5-HT 
terminals  in this part  o f  the hypo tha t amus  [4] .  
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