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FINKELSTEIN, J. A., W. T. CHANCE AND J. E. FISCHER. Brain serotonergic activity and plasma amino acid levels 
in f,,enetically obese Zucker rats. PHARMAC. BIOCHEM. BEHAV. 17(5) 939-944, 1982.--In order to test the hypothesis 
that serotonergic activity is abnormal in the brains of genetically obese Zucker rats, levels of serotonin (5-HT), its amino 
acid precursor, tryptophan (Trp), and its major metabolite, 5-hydroxyindoleacetic acid (5-HIAA) were measured in eight 
brain regions in groups of obese and non-obese male rats. Plasma albumin levels as well as levels of amino acids and related 
compounds in plasma and in a cortical sample were also determined in the same animals. While Trp was lower in several 
brain regions of the obese animals, the only region showing a depressed level of 5-HT in the obese group was the 
mesencephalon. Obese animals also had a lower amount of 5-HIAA in the diencephalon, but no other differences were 
significant. Both elevations and depressions were observed in cortical amino acid levels in obese animals. The level of 
plasma albumin was increased in the obese group. Free Trp was decreased in the plasma of obese rats while levels of other 
amino acids (methionine, leucine, isoleucine, valine and phenylalanine) which compete with Trp for transport across the 
blood-brain barrier were elevated. Thus the combination of lower plasma free Trp and increased levels of competitive 
amino acids appears to contribute to decreased levels of Trp in the brain of genetically obese rats. 

Genetically obese Zucker rat Brain serotonin Obesity Plasma amino acids Tryptophan 

T H E  genetically obese  Zucker  rat, fa/fa, is charac ter ized  by 
a number  of  behavioral ,  endocrinological  and metabol ic  ab- 
normali t ies.  Short ly  after weaning,  the obese  animals are 
hyperphagic  in compar i son  to their  non-obese  l i t termates,  
F a / - - .  The increase in food intake is ref lected in larger meal 
size, increased meal f requency and an increase in feeding 
during the light phase of  the l ight:dark cycle [2] in contrast  to 
non-obese  rats which eat more during the dark period. The 
obese  animals also display hyper insul inemia f rom an early 
age (5.5 weeks) ,  al though blood glucose levels  are not ab- 
normal  [27]. The  amount  of  adipose tissue is greatly in- 
c reased  in obese  animals.  Obese  rats have heavier  inguinal 
fat pads as early as 7 days o f  age [5]. The increased adipose 
tissue is due to increases in both number  and size of  adipo- 
cytes  [26,27]. 

Body weights of  genetical ly obese  rats are e levated by the 
t ime of  weaning [38]; rate of  growth is much s teeper  for the 
obese  animals until about  12-16 weeks  of  age [38, 44, 46]. 
Thereaf ter ,  the slope o f  rate of  increase in body weight is 
similar to that of  the non-obese  animals,  al though the abso- 

lute levels o f  body weight  are significantly greater  for the 
obese  rats. A study of  food intake per  gram body weight has 
shown that this ratio is significantly greater  for obese  animals 
up to 10 weeks  of  age, not  different for obese  and lean rats 
be tween  ages 13 to 18 weeks,  and that at 19 weeks  of  age 
obese  rats eat relat ively less per  gram body weight  than lean 
animals [18]; in that study, animals were  fed a special diet 
and it is not known if the same results would be obtained if 
animals were  fed standard lab chow. 

The locus of  the abnormali ty has not been identified in the 
fa/fa. Because  of  the role of  central  nervous  sytem transmit-  
ters in the regulat ion of  food intake and body weight  in nor- 
mal animals,  abnormali t ies  in brain neurotransmit ters  have 
been invest igated in genetically obese  rats. Cruce et al. 
[11,12] were the first to report  differences in ca techolamine  
levels  in discrete  brain regions of  obese  rats compared  to 
non-obese  animals.  They found decreased levels  of  
norephinephr ine  (NE) in the paravent icular  nucleus of  the 
hypothalamus (PVN) and increased levels  of  N E  in the me- 
dian eminence  of  four  month  old female  obese  rats as corn- 
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pared to lean animals. In two month old male rats, however,  
only NE levels in PVN were decreased in obese animals. A 
more recent study [31] using older animals (seven month) 
confirmed the observation in PVN, and also showed addi- 
tional differences in epinephrine (E) and dopamine (DA) 
levels. 

The above studies investigated levels of three different 
monoamines,  NE, DA and E, but to date, no studies of brain 
concentrations of serotonin (5-HT), another monoamine, in 
obese rat brains are available. Serotonin, an indoleamine 
found extensively throughout the neuraxis [34, 39, 40], is 
thought to play a role in the regulation of  food intake and 
body weight control. For  example, intraventricular injection 
of  5-HT has been reported to reduce food intake in rats [30] 
as has systemic administration of the 5-HT precursor tryp- 
tophan (Trp) [4]. The anorexia-producing drugs fen- 
fluoramine and fluoxetine apparently reduce food intake 
through direct or indirect stimulation of 5-HT receptors [42]. 
Furthermore,  intracerebroventricular injection of para- 
chlorophenylalanine (a 5-HT depletor) has been reported to 
induce hyperphagia [6]. Recent experiments have also 
suggested decreased activity in brain indoleamine systems 
associated with ventromedial hypothalamic (VMH) lesion 
induced hyperphagia [9]. Additionally, brain concentrations 
of  5-HT, Trp and the 5-HT metabolite,  5-hydroxyindole- 
acetic acid (5-HIAA) are elevated in cancer-induced 
anorexia [8,45]. 

Therefore, in order  to gain a more complete picture of  
central nervous system (CNS) monoamine activity in genet- 
ically obese rats, brain levels of Trp, 5-HT and 5-HIAA, 
were determined. In addition, plasma albumin and amino 
acid concentrations as well as brain amino acid levels were 
assayed in the same animals. To allow correlation of 
biochemical differences with data of consummatory behav- 
ior, food intake was also determined. 

METHOD 

Subjects were eight male genetically obese Zucker rats 
(fa/fa) [46] and eight male non-obese littermates (Fa/--) .  
Mean age of  animals at the time of  sacrifice was 13.3 weeks, 
with a range of 12.5 to 14.3 weeks. The animals were bred in 
a colony maintained at the Northeastern Ohio Universities 
College of  Medicine and were descendants of rats originally 
purchased from the Harriet  G. Bird Memorial Labs,  Stow, 
MA. 

Daily ad lib food intake was measured to the nearest 0.1 g 
for seven days prior to sacrifice. Animals were decapitated 
between 1 and 3 p.m. Brains were rapidly removed and dis- 
sected into the following regions: cortex (C), hippocampus 
(HI), corpus striatum (CS), hypothalamus (HYP), remaining 
diencephalon (DI), mesencephalon (MES), pons-medulla 
(PM) and cerebellum (CB). These regional brain dissections 
were conducted similarly to published methods [24] with the 
following exceptions: (1) mesencephalon and diencephalon 
were differentiated by a vertical cut just  anterior to the 
superior colliculus, and (2) a smaller hypothalamic area was 
dissected as defined as tissue taken to a depth of approx- 
imately 2.5 mm from the optic chiasma to the posterior 
mamillary area and bounded laterally by the lateral border of 
the tuber cinereum. The cortical sample was divided in half. 
One side was used to determine amino acid levels and the 
other side was used to determine levels of  Trp, 5-HT and 
5-HIAA. 

Biochemical Analyses 

Plasma albumin concentration was determined by the 
colormetric method of Doumas et al. [19]. Plasma free and 
total Trp were assayed fluorometrically as described by 
Bloxam and Warren [3], with free Trp being determined in 50 
ml of  an ultrafiltrate prepared by centrifugation (100 x g, 25 
rain, 20°C) of 1 ml of plasma (pH=7.4) in a CF 50 Diaflow 
membrane cone (Amicon Corp.,  Lexington, MA). Brain 
5-HT and 5-HIAA were also determined fluorometrically fol- 
lowing acid-butanol extraction, according to the method of 
Curzon and Green [14], with 5-HT and 5-HIAA being com- 
plexed with OPT (Sigma Chem. Co., St. Louis, MO) and 
read on an Aminco-Bowman fluorometer. Brain Trp was ex- 
tracted along with 5-HT and assayed fluorometrically ac- 
cording to the procedures utilized for plasma Trp. 

Levels of amino acids and related compounds were 
measured in plasma and half of the cortex on a Beckman 
121-MB automated amino acid analyzer as previously pub- 
lished [29]. The compounds measured and their abbre- 
viations are as follows: Ala: Alanine; Arg: Arginine; Asn: 
Asparagine; Asp: Aspartic Acid; Cit: Citrulline; Gin: 
Glutamine; Glu: Glutamic Acid; Gly: Glycine; His: His- 
tidine; Hpro: Hydroxyproline;  Ileu: Isoleucine; Leu: 
Leucine; Lys: Lysine;  Meth: Methionine; Orn: Ornithine; 
Phen: Phenylalanine; Pro: Proline; Ser: Serine; Thr: 
Threonine; Trp: Tryptophan; Tyr: Tyrosine; Val: Valine. 

RESULTS 

Food Intake and Body Wei~,hts 

The genetically obese rats weighed significantly more 
than the non-obese littermates throughout the seven day 
period prior to sacrifice. Data on body weight are shown in 
Fig. 1. An analysis of variance on the body weights revealed 
a significant group effect, F(1,14)=26.08; p<0.01,  as well as 
a day ' s  effect, F(6,84)=58.03, p<0.01,  and a significant 
group x days interaction, F(6,84)=4.67, p<0.01.  During the 
seven day period immediately prior to sacrifice, obese rats 
gained a mean total of 30 grams or 4.3 grams per day. Lean 
littermates, on the other hand, gained a mean total of 16 
grams or 2.3 grams per day. 

Daily food intake is shown in Fig. 2 for the same period. 
Obese animals consistently ate more than lean littermates. 
An analysis of variance revealed a significant group effect, 
F(1,14)=53.48, p<0.01,  a significant day effect, 
F(6,84)=8.35, p<0.01,  and a significant interaction, 
F(6,84)=2.33, p<0.05.  Food intake relative to body weight 
as shown in Fig. 3 was significantly elevated in the obese 
rats. F(1,14)= 13.6, p<0.01;  the days effect was also signifi- 
cant, F(6,84)=6.96, p<0.01,  but the interaction was not sig- 
nificant. 

Serotonergic Activity in the Brain 

Levels of 5-HT, Trp and 5-HIAA are shown in Fig. 4. 
Obese rats had significantly decreased levels of Trp in CS, 
HI, C, HYP and DI. Levels of 5-HT were significantly lower 
in MES and were significantly elevated in CB of obese 
animals. Only one brain region, DI, showed decreased levels 
of 5-HIAA for the obese animals. 

Levels o f  Amino Acids in Brain 

In comparison to non-obese littermates, cortical tissue 
from fa/fa rats showed elevated levels of serine, glycine, 
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FIG. 1. Daily mean body weight (-+S.E.M.) for groups of obese 
(dashed line) and non-obese rats (continuous line) for seven days 
prior to sacrifice. 
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FIG. 3. Daily mean ratios of food intake per 100 grams body weight 
(+_S.E.M.) for groups of obese (dashed line) and non-obese rats 
(continuous line) for seven days prior to sacrifice. 

a lan ine ,  va l ine ,  o rn i th ine  and  arginine .  On the  o the r  hand ,  
s ignif icant  d e c r e a s e s  were  seen  in the  obese  ra t s '  b ra in  for  
the  fol lowing amino  acids:  g lu tamine ,  me th ion ine ,  
i so leucine ,  ty ros ine  and  pheny la l an ine .  The  da ta  are s h o w n  
in Tab le  1. 

Levels o f  Albumin, Amino Acids and Related Compounds 
in Plasma 

As seen  in Tab le  2, a lbumin  levels  were  s ignif icant ly  ele- 
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FIG. 2. Daily mean food intake (_+S.E.M.) for groups of obese 
(dashed line) and non-obese rats (continuous line) for seven days 
prior to sacrifice. 
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T A B L E  1 

LEVELS OF AMINO ACIDS AND RELATED COMPOUNDS (nmol/g) 
(MEAN_+S.E.M.) IN CORTICAL SAMPLES FROM GROUPS OF LEAN 

(Fa/--) AND OBESE (fa/fa) RATS 

F~--- fa/fa 

Asp 3,852.25 ± 50.31 4,112.38 ± 121.37 
Thr 568.13 ± 10.49 619.25 ± 26.19 
Ser 805.13 ± 8.21 985.88 ± 18.87t 
Glu 11,651.63 ± 144.13 11,819.13 ± 163.37 
Gin 4,999.88 ± 109.50 4,651.50 _+ 53.09* 
Pro 77.63 ± 2.72 81.14 ± 1.72 
Gly 656.13 ± 16.00 755.5 +_ 20.67t 
Ala 618.13 ± 11.14 689.75 ± 6.47+ 
Cit 20.25 ± 1.53 18.00 ± 1.18 
Val 72.75 ± 1.92 100.38 +_ 1.67t 
Meth 40.50 _+ 1.31 35.75 ± 1.38" 
Ileu 33.00 ± 0.50 25.63 ± 2.15t 
Leu 74.88 ± 1.31 75.88 ± 2.03 
Tyr 68.88 + 3.72 42.75 ± 2.39t 
Phen 44.63 + 2.79 31.00 _+ 1.967 
Orn 13.38 _+ 0.83 16.13 ± 0.77* 
Lys 163.50 _+ 5.12 162.88 _+ 5.28 
His 54.50 ± 2.51 52.75 +_ 1.60 
Arg 89.75 _+ 3.10 104.25 _+ 3.39t 

*Significantly different from F~---, p <0.05. 
tSignificantly different from F~----, p<0.01. 

va t ed  in obese  rats .  F r ee  (unbound)  T r p  was s ignif icant ly  
d e c r e a s e d  in p l a s m a  of  obese  an imal s  in c o m p a r i s o n  to lean 
i i t t e rmates ,  a l t hough  the  level  of  to ta l  Trp  was  not  signifi- 
can t ly  dif ferent .  F r ee  Trp  r e p r e s e n t e d  9% of  total  Trp  in 
o b e s e  an imals  and  21% of  to ta l  Trp  in leans.  Signif icant ly  
e l eva ted  levels  of  t h r e o n i n e ,  pro t ine ,  a lan ine ,  val ine ,  
me th ion ine ,  i so leuc ine ,  leucine ,  and  pheny la l an ine  were  
p r e s e n t  in o b e s e  animals .  In con t r a s t ,  obese  ra ts  had  de-  
c r ea sed  levels  o f  a spa r t i c  acid,  g lu tamine ,  glycine and  lysine.  

DISCUSSION 

The  da ta  on  food  in take  and  body  weight  conf i rm previ-  
ous  s tudies  [10,44] in showing  s ignif icant  e l eva t ion  of  bo th  
m e a s u r e s  in fa/fa rats .  Re la t ive  to body  weight ,  the  genet -  
ically obese  an imal s  also ate s ignif icant ly  more ,  wh ich  would  
sugges t  they  are  in a s tage of  ve ry  rapid  g rowth  at this  age of  
13 weeks .  Di le t tuso  and  W a n g s n e s s  [18] s tud ied  food in take  
re la t ive  to b o d y  weigh t  in two sepa ra te  e x p e r i m e n t s  wi th  
g roups  of  obese  and  n o n - o b e s e  rats .  In one  e x p e r i m e n t  they  
found  no  d i f fe rence  b e t w e e n  the  two g roups  at  10 weeks  of  
age or  la te r  and  in o t h e r  e x p e r i m e n t s ,  obese  an imal s  did not  
show e l eva t ed  food in take  to body  weigh t  ra t ios  af ter  s even  
weeks  of  age;  the  au t ho r s  re la ted  the  d i f fe rences  to d ie ta ry  
c o m p o s i t i o n  and  palat ibi l i ty .  In the  p r e s en t  s tudy  we have  
d e m o n s t r a t e d  tha t  even  at 13 weeks  of  age, o b e s e  ra ts  show 
e l eva t ed  ra t ios  of  in take  to b o d y  weight .  Such  d i f fe rences  
may  be re la ted  to the  diet  ea ten .  W e  used  Pur ina  lab c h o w  
w h e r e a s  Di le t tuso  and  W a n g s n e s s  [18] used  e i t he r  g round  
lab c h o w  s u p p l e m e n t e d  with oil or  a specia l  semipur i f ied  
diet .  Cau t ion  shou ld  be  exe rc i sed  w h e n  c o m p a r i n g  resu l t s  
ob t a ined  f rom an imals  be ing  ma in t a ined  on  di f ferent  diets .  

E x a m i n a t i o n  of  the  g r o w t h  c u r v e s  pub l i shed  by  Z u c k e r  

T A B L E  2 
LEVELS OF ALBUMIN (g/dl) AMINO ACIDS AND RELATED 

COMPOUNDS (nmol/ml) (MEAN_+S.E.M.) IN PLASMA FROM GROUPS 
OF LEAN (Fa/--) AND OBESE RATS (fa/fa) 

F ~ - -  fa/fa 

Albumin 3.66 ± 0.1 4.15 ± 0.1t 
Total Trp 129.86 ± 6.71 158.11 _+ 13.51 
Free Trp 26.83 _+ 5.39 14.40 ± 2.25t 
Asp 29.63 ± 2.59 20.75 ± 1.44t 
Hpro 40.50 ± 2.49 33.13 ± 2.56 
Thr 276.25 ± 11.93 356.63 + 28.18" 
Ser 225.13 ± 13.45 189.25 ± 11.23 
Asn 85.25 _+ 6.46 98.25 ± 9.80 
Glu 114.88 _+ 2.79 115.50 _+ 4.99 
Gin 578.38 ± 40.13 426.00 + 7.33t 
Pro 221.38 ± 7.00 327.38 ± 32.34t 
Gly 329.50 ± 13.65 187.75 ± 13.41t 
Ala 457.75 ± 24.69 586.75 + 32.14t 
Cit 62.88 + 2.63 68.75 ± 2.35 
Val 196.00 ± 7.51 331.00 + 19.81t 
Meth 57.13 ± 1.97 71.13 ± 5.43* 
lieu 93.75 ± 2.79 186.71 + 2.47t 
Leu 140.13 ± 10.88 278.88 ± 16.80t 
Tyr 88.63 ± 4.29 83.13 ± 5.31 
Phen 69.75 ± 3.10 91.00 ± 3.75t 
Orn 84.25 ± 10.52 83.25 + 7.54 
Lys 491.63 ± 23.99 427.38 ÷ 16.31" 
His 64.38 + 3.88 60.75 + 2.89 
Arg 162.50 + 17.43 158.50 ± 12.00 

*Significantly different from Fa/--,  p<0.05. 
tSignificantly different from Fa/-- ,  p<0.01. 

and  Z u c k e r  [46], Powley  and  M o r t o n  [38], and Vassel l i  et al.  
[44] revea ls  tha t  the fa/fa goes  th rough  an earliec " d y n a m i c "  
g rowth  s tage fol lowed by  a more  ~ ' s ta t ic"  g rowth  phase  
m u c h  as do  no rma l  adul t  ra ts  made  obese  by lesions in the  
v e n t r o m e d i a l  h y p o t h a l a m i c  nuclei  [25]. The  da ta  f rom the 
p re sen t  e x p e r i m e n t  suggests  tha t  at  13 weeks  of  age obese  
an imal s  are  still in the i r  " d y n a m i c "  s tage of  growth .  Recen t  
behav io ra l  work  [44] has  s h o w n  tha t  obese  ra ts  work  ha rde r  
for  the i r  food than  lean rats  at  16 weeks  but  not  at 20 weeks  
of  age;  these  au tho r s  feel tha t  the  rapid g rowth  stage lasts  up 
to 16 weeks  of  age. Thus ,  the  da ta  ob ta ined  in this s tudy 
would  apply  to obese  Z u c k e r  ra ts  dur ing  the i r  rapid g rowth  
phase .  

This  s tudy  was c o n d u c t e d  to inves t iga te  w h e t h e r  regional  
changes  in bra in  5-HT and  5 - H I A A  may be a s soc ia ted  with 
the  h y p e r p h a g i a  of  the  genet ica l ly  obese ,  Z u c k e r  rat .  S ince  
bra in  levels  of  the  5-HT p recu r so r ,  Trp ,  are d i rect ly  re la ted 
to p l a s m a  Trp  levels  [21], pe r iphera l  b iochemica l  pe r tuba-  
t ions  af fec t ing Trp  t r a n s p o r t  into  the  bra in  may have  an ef- 
fect  on  5-HT synthes i s .  The  t r a n s p o r t  of  Trp into the brain  is 
complex ,  be ing  affected by  severa l  var iables .  T r y p t o p h a n  is 
un ique  a m o n g  amino  acids in tha t  a large por t ion  of  p la sma  
s tores  is b o u n d  to a lbumin  [33]. The  b inding  of  Trp  is fur- 
t h e r m o r e  inf luenced  by  p l a sma  free fa t ty  acids and  insulin,  
wi th  inc reased  free fat ty  acids d isplac ing Trp  f rom a lbumin  
[15] and  e l eva ted  insulin levels  inc reas ing  Trp  b inding  [17], 
by  lower ing  p l a s m a  free fat ty  acids.  The  t r anspo r t  of  Trp  into 
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the brain is also affected by competition among the neutral 
amino acids (NAA: Tyr, Phen, Val, Leu, Ileu, Meth and His) 
which share a common carrier mechanism [35,37]. The situ- 
ation is further complicated by the effect of increased levels 
of insulin to reduce plasma levels of these NAA [22]. 

Adding to these complexities is the controversy of 
whether free or total Trp best predicts transport into the 
brain [28, 32, 37]. In the present study, plasma levels of 
albumin were elevated in the obese rats, resulting in lower 
levels of free Trp. Although we did not measure plasma 
levels of free fatty acids or insulin, published reports indicate 
that both of these substances are increased in the genetically 
obese rat [27,47]. Since plasma concentrations of many of 
the NAA were increased rather than decreased, the impor- 
tance of elevated levels of insulin in Trp transport in the 
genetically obese rat is questionable. These data suggest that 
the obese rats may be relatively insulin resistant. The calcu- 
lated competitor ratios [20] of free Trp/E NAA are 0.038 and 
0.013 for lean and obese animals, respectively; these data 
represent a 66% decrease for the obese group. On the other 
hand, the calculated competitor ratios [20] of total Trp/E 
NAA are 0.183 and 0.143 for lean and obese animals, re- 
spectively; these data represent a 22% decrease for the obese 
group. Thus, the 22% decrease in Trp transport calculated 
using total Trp corresponds to the actual levels of Trp meas- 
ured in the various brain regions (mean of 22% decrease for 
the five regions showing significant differences). Therefore, 
an explanation of the lowered levels of brain Trp in the obese 
rats appears to be decreased transport of Trp due primarily 
to increased concentrations of competing NAA and sec- 
ondarily to decreased levels of free Trp. These changes in 
plasma amino acid patterns in the genetically obese rat are 
particularly interesting considering the reported elevations in 
several of the NAA in obese humans [1]. Thus, the utility of 
the genetically obese rat as a model of human obesity is rein- 
forced in respect to peripheral biochemical parameters. 

These peripheral biochemical alterations in the obese rats 
appear to have resulted in lowered levels in brain (cortical) 
Meth, lieu, Tyr, Phen and Trp. Thus, the increased compe- 
tition among the NAA for transport into the brain apparently 
reduced brain levels of several of them. Lower levels of the 
5-HT precursor, Trp, were particularly widespread. Five 
forebrain regions, representing virtually the entire forebrain 
(C, HI, CS, HYP and DI) exhibited decreased levels of Trp. 

Since levels of brain 5-HT are determined largely by pre- 
cursor availability [21], the observed changes in 5-HT in the 
mesencephalon and 5-HIAA in the diencephalon may be 
secondary to the previously-described aberrations in periph- 
eral biochemistry. Conversely, the widespread presence of 
Trp-hydroxylase [7] suggests that synthesis of 5-HT can 
occur in each of the regions exhibiting decreased Trp. There- 
fore, depressed levels of Trp in several brain areas accom- 
panied by a lack of change in 5-HT and 5-HIAA indicate that 
the synthesis of 5-HT is being maintained or turnover is re- 
duced in the genetically obese rat. The availability of precur- 
sor in maintaining normal levels of 5-HT may not be as im- 
portant if neural activity of these systems is decreased. 
Thus, if 5-HT neurons do mediate some aspect of satiety [4, 

6, 30], one might expect neural activity of these systems to 
be decreased in an animal model of hyperphagia. The sig- 
nificant decrease of diencephalic 5-HIAA favors such an in- 
terpretation. Although hypothalamic levels of 5-HIAA were 
not significantly different in obese rats, previous reports [11, 
12, 31] have demonstrated significantly decreased concen- 
trations of NE in some hypothalamic regions. Since de- 
crease in catecholamine activity is usually accompanied by 
increase in indole concentrations [41] NE-5-HT interaction 
may have a role in maintaining elevated indoleamine concen- 
trations. 

In addition, Trp and 5-hydroxytryptophan have been re- 
ported to reduce firing rates in mesencephalic raphe neurons 
[43]. The relative, though not statistically significant, reduc- 
tion in mesencephalic Trp may have increased the firing rate 
of these cells, with the reduced precursor availability leading 
to lower levels of 5-HT in this brain area. An increased firing 
rate and release of 5-HT at the synapses in rostral brain areas 
[ 16,36] would also tend to maintain normal levels of 5-HIAA 
in these various regions. Alternatively, the reduction in brain 
Trp may not have been severe enough to significantly influ- 
ence levels of 5-HT and 5-HIAA. In a previous report [13] 
larger reductions (30-40%) of brain Trp were observed fol- 
lowing the injection of branched-chain amino acids (Val, 
Leu, Ileu), with minimal effects on regional 5-HT. Levels of 
5-HIAA, however, were reduced to a greater extent (20- 
30%) than obeserved in the present paper. Therefore, the 
overall changes in brain 5-HT activity in genetically obese 
rats may result from complex regional interactions of modest 
decreases in precursor availability, neuronal activity of 
putative 5-HT satiety systems and a possible interaction with 
catecholamine neurons. 

The present results can be compared with the results of 
Coscina et al. [9] concerning 5-HT depletion after ven- 
tromedial hypothalamic lesions, which also produced obe- 
sity. These authors observed reduced levels of 5-HT in hypo- 
thalamus, hippocampus, thalamus and midbrain, while in the 
present study 5-HT was lowered only in the mesencephalon 
(midbrain). Thus, the hyperphagic-ventromedial 
hypothalamic-lesioned rat exhibits more wide-spread 
changes in static 5-HT levels. In another study of the role of 
brain 5-HT systems in obesity, Garthwaite et al. [23] found 
that ob/ob mice have elevated levels of brain 5-HT, plasma 
total Trp and plasma free Trp. Although their results are the 
opposite to ours, the animals used in their study were 4--5 
months of age and may have been in a more static phase of 
weight gain. Replication of our present experiment using 
older animals would be instructive in clarifying this discrep- 
ancy. 

Therefore, the present experiment suggests that CNS 
5-HT activity may be depressed in the mesencephalon and 
diencephalon of genetically obese rats. Furthermore, these 
changes in CNS 5-HT and 5-HIAA levels may result from 
peripheral biochemical changes affecting Trp transport into 
the brain. Whether these changes in CNS 5-HT activity are 
the cause or the result of the hyperphagia of the obese rats is 
a question that remains to be answered. 
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