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Table III. Comparison of mean caloric intakes and serum cholesterol levels as influenced by dietary carbohydrate source and forced exercise 

Carbohydrate Caloric intake Serum cholesterol 
source 

Exercised Sedentary Exercised Sedentary 
(kcal/day) (kcal/day) (mg/100 ml) (mg/100ml) 

Starch 41.0 4- 2.5 ~ 38.7 i 2.2 48.0 -I- 6.0 89.0 =E 32.4 
Mixture 45.3 2t- 2.7 43.1 :t: 3,4 78.0 j= 27.0 78.6 4- 13.8 

Standard error of the mean. 

Conclusion, Weanl ing,  male  ra ts  were fed diets  where  
the  c a r b o h y d r a t e  source was provided  e i ther  by  s ta rch  or 
a m ix tu r e  of c a rbohydra t e s  similar  to t h a t  found  in U.S. 
' m a r k e t  baske t '  diets.  Hal f  the  animals  were forced to  
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Ingesta-tree weight gain(9) 

Regression lines of body cholesterol gain vs. ingesta-free body 
weight gain as influenced by dietary carbohydrate sources. Moderate 
forced exercising by treadmill running (15 rain/day) bad no effect on 
this regression, and hence each line represents 10 observations. The 
linear regression equation is indicated for each line. 

exercise by  15 min of t readmi l l  runn ing  daily. Tissue 
cholesterol  accumula t ion  in the  ra t s  fed only s ta rch  was 
unre la ted  to  weigh t  gain, bu t  in those  fed the  mix tu re  of 
c a rbohydra t e s  the  t issue cholesterol  gain was h igh ly  
we igh t  gain dependen t .  

Zusammenfassung. Drei  W o c h e n  alte m~Lnnliche R a t t e n  
wurden  auf eine Digt  gesetzt ,  aus der  die K o h l e h y d r a t -  
quelle en twede r  aus St~Lrke ode l  einer Mischung yon  
Koh lehyd ra t en ,  die dem U . S . - E r n / i h r u n g s s t a n d a r d  
gleicht, bes tand .  Die Cho les t ro lansammlung  im Gewebe 
der  Ra t t en ,  denen  nur  St~rke gef i i t te r t  wurde,  s t a n d  
n ich t  in Ve rb indung  m i t  der  Gewich t szunahme;  dagegen  
s t and  die Choles t ro lzunahme im Gewebe jener  R a t t e n ,  
die mi t  einer  Mischung yon K o h l e h y d r a t e n  ern/ ihrt  wur-  
den, in d i r ek t em Z u s a m m e n h a n g  mi t  der  Z u n ah me  in 
Gewicht .  
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Optic Evoked Potential Changes Induced b y  D e a m i n a t e d  M e t a b o l i t e s  o f  S e r o t o n i n :  5 - H y d r o x y t r y p -  

tophol and 5-Hydroxyindole Acetic Acid 

Al though  monoamine  oxidase (MAO) has been  con- 
s idered the  'chol ines terase '  of serotonin  (5HT), m a n y  of 
the  effects  of th is  amine  or of its precursor,  5-hydroxy-  
t r y p t o p h a n  (5HTP),  are p r e v e n t e d  or ' reversed '  r a the r  
t h a n  enhanced  b y  MAO inhibi t ion:  e n h a n c e m e n t  of 
c a r b o h y d r a t e  me tabo l i sm 1, p ro tec t ion  agains t  rad ia t ion  ~, 
sleep induc t ion  in newly  ha t ched  chicks 3, ,, e n h a n c e m e n t  
of slow phot ic  evoked poten t ia l s  5, etc. A m o n g  o ther  
a l te rnat ives ,  it  is possible t h a t  pa r t  of the  effect  of 5HT 
be indirect ,  i.e., med ia ted  by  the  fo rma t ion  of one or more  
of its d e a m i n a t e d  p roduc t s  : 5 -hydroxy indo leace ta ldehyde  
(5 -hydroxy t ryp ta ldehyde ,  5HTA), 5 - h y d r o x y t r y p t o p h o l  
(5HTOL) or 5 -hydroxyindole  acetic acid (5HIAA).  We  
have  shown t h a t  5 H T A  and  t r y p t a l d e h y d e  (3-indoleacetal-  
dehyde)  mimic  the  effects  of 5HT and  t r y p t a m i n e  on 
r abb i t  pho t i  c evoked po ten t i a l s  s, ~ and  on sleep i nduc t i on  
in newly  h a t c h e d  chicks*. 5HTOL m a y  in te rvene  in t he  
cont ro l  of the  secret ion of luteinizing ho rmone  in ra t s  7. 

There  is also b iochemica l  evidence for a physiological  
significance of 5HT d e a m i n a t e d  p roduc t s :  (a) The in- 

corpora t ion  of r ad ioac t iv i ty  in to  the  acid-insoluble frac- 
t ion of b ra in  homogena te s  f rom labeled 5HT or 5 H T P  is 
blocked by  MAOI ' s  s,9. (b) The reduc t ion  of 5HTA to 
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Fig. 1. Optic cortex potential evoked by 10 ~xsec red 
flash (Kodak Wratten Filter 92). This and following 
Figures: Negativity upwards. 50 responses added by 
Computer of Average Transients. Analysis time: 500 
msec. PPP, primary positive potential; MPD, maxi- 
mal potential deflection. Note the baseline drawn at 
the mid-level of the EEG during the first 20 msec 
after the flash. 
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5HTOL is ma rked ly  increased by  alcohol 1~ p r o b a b l y  be- 
cause ace ta ldehyde  inhib i t s  its ox ida t ion  to  5HIAA.  
(c) The remova l  of 5 H I A A  from the  bra in  and  the  cere- 
brospinal  fluid (CSF) is d e p e n d e n t  on an act ive  t r a n s p o r t  
sys t em which can be inhib i ted  wi th  probenec id  ~, ~. 

There  is no a priori  reason to consider  5HTOL and  
5HIAA as iner t  metabol i tes ,  par t icu lar ly  when  t h e y  are 
fo rmed near  the  chemical ly  sensi t ive synap t i c  areas.  In  
this  pape r  we show t h a t  bo th  5HTOL and  5 H I A A  exer t  
effects  upon tile phot ic  evoked po ten t ia l  closely resem-  
bl ing those  of 5HT in b o t h  di rect ion and  magni tude .  This 
p repa ra t ion  was  selected because the  opt ic  p a t h w a y  
appears  to be one of the  si tes of act ion of 5HT ~, ~4, ~s. 

Materials and methods. The expe r imen ta l  p rocedure  for 
monopo la r  recording of the  phot ic  evoked po ten t i a l  in 
non-anes the t i zed  rabbi ts ,  which is s t a n d a r d  in our 
labora tory ,  has  been descr ibed elsewhere ~6. Figure  1 indi- 
cates the  procedures  f o l b w e d  in the  analysis  of evoked 
po ten t ia l  records ' averaged '  by  C.A.T. Drugs  were 
admin i s t e red  in the  la tera l  ventr ic le  ipsi la teral  to  the  
recording site, dissolved in 0.2 ml of art if icial  CSF 
(glucose 3.5 m M ;  NaC1 146 m M ;  KC1 2.7 raM;  MgCI~ 
5.4 r aM;  Ca C12 5.4 mM).  All drugs were commerc ia l ly  
ob ta ined .  

Results. Figure 2 summar izes  some of t he  effects  of 
equal  doses of 5HT, 5HTOL and  5HIAA. All 3 agents  
decreased to t he  same ex t en t  the  ampl i tude  of the  slow 
negat ive  wave  (SNW) immed ia t e ly  af ter  in ject ion and 
this  depression las ted for more  t h a n  1 h (Figure 1A). The 
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Fig. 2. Percentage changes in amplitudes of fast positive peak (A) 
and slow negative wave (B). 5HT, serotonin; 5HTOL, 5-hydroxy- 
tryptophol; 5HIAA, 5-hydroxyindole acetic acid. All drugs: 0.14 mg 
in 0.2 ml of CSF (cerebrospinal fluid). Standard errors drawn only 
for significant drug effects and the corresponding CSF controls. 

l a t ency  to the  peak  of the  S N W  was also shor tened  by  all 
3 drugs. The changes  were smal l  bu t  there  was a good 
di rect  correla t ion b e t w een  the  t ime  courses of the  reduc-  
t ion in ampl i tude  and the  shor ten ing  in l a tency  of t he  
SNW, regardless  of the  t r e a t m e n t .  Thus,  m a x i m a l  effects  
occurred at  5 min  wi th  5HTOL ( 5 4 ~  11% ampl i tude ,  
8 0 i 2 %  latency) and  5HIAA ( 5 9 •  ampl i tude ,  
94 - t -5% latency) and  a t  15 min  wi th  5HT (63-1-14% 
ampl i tude ,  93 • 3%la tency) .  The la tency  to the  rise of 
t he  S N W  was ini t ia l ly shor t ened  by  5HT (16%) and  
sl ight ly shor t ened  (10%) for more  t h a n  1 h by  5HTOL;  
no s ignif icant  changes  were observed  wi th  5HIAA.  
5 H I A A  mark ed l y  reduced  the  du ra t ion  .of the S N W  
(Figure 4). Note  also the  shor ten ing  of S N W  peak  l a t ency  
(Figure 4, C--F), which  is shor te r  t h a n  the  min ima l  
l a tency  observed  in contro l  records (Figure 4 B). 

The m a x i m a l  amp l i t ude  of t he  posi t ive  fas t  po ten t i a l  
(Figure 1B) was s l ight ly  reduced  for more  t h a n  15 min  
af ter  5HT admin i s t r a t ion .  5HTOL and  5HIAA reduced  
the  ampl i tude  of the  posi t ive  fas t  po ten t i a l  much  more  
t h a n  5HT (67-r w i th  5HTOL, 79- t -12% w i t h  
5HIAA 5 min  af ter  injection).  L a t e n c y  to  the  max i ma l  
posi t ive  fas t  po ten t i a l  was ini t ial ly shor t ened  by  5HTOL 
(Figure 3c), whereas  5HT prolonged it s l ight ly ;  in MAOI  
animals ,  5HT (0.03 rag) shor t ened  th is  l a t ency  5. Similar  
shor ten ing  has no t  been  observed  wi th  5HTA or wi th  
5HIAA. 

Discussion~The presen t  expe r imen t s  show t h a t  5 H I A A  
and 5HTOL are biologically act ive  a t  a dose level com- 
monly  used to  d e m o n s t r a t e  s imilar  effects  of 5HT ad-  
min is te red  i . v ~ ' ;  we have  previous ly  s tudied  the  
effects  of a wide range  of  doses (0.03-1.0 mg) of in t ra -  
ven t r icu la r  5HT upon phot ic  evoked responses  in non-  
anes the t ized  rabbitsS.  The  reduc t ion  of the  slow nega t ive  
c o m p o n e n t  obse rved  wi th  in t r aven t r i cu la r  5HT a t  t he  
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5- Hydro• O.14mg 
c0ntr0t ~ ' ~  

5HTOL 

Ipsilateral intraventricular caonula 
Fig. 3. Effect of 0.14 mg 5-hydroxytryptophol (5HTOL) on optic 
cortex potentials evoked by red flash. A, control after 60 min 
habituation to flash. 

-~H-Indole-3-acelic acid 0.1~,mg 

c ntrol / \ 

5,aA / _ \ 

Ipsilat~ral inrraventricular cannula 
Fig. 4. Effect of 0.14 mg 5-hydroxyindole acetic acid (5HIAA). See 
Figure 3. 

dose used in th is  s t u d y  resembles  t h a t  ob ta ined  wi th  
usual  doses of sys temica l ly  admin is te red  5HTP.  F a s t  
potent ia ls ,  however ,  were modif ied  in d i f ferent  ways  b y  
the  amino  acid, t he  amine,  t he  a ldehyde  6, the  alcohol and  
the  acid m ember s  of the  5HT series. 

The d e m o n s t r a t i o n  of pharmacolog ica l  effects  w i th  
exogenous admin i s t r a t i on  of these  compounds  does no t  
imply  t h a t  the  cor responding  endogenous  p roduc t s  of 
5HT metabo l i sm p lay  a physiological  role in bra in .  
However ,  in view of the  presence  and  biological ac t iv i ty  
of these  subs tances  and  the  addi t iona l  evidence t h a t  
MAOI ' s  p r e v e n t  p a r t  of the  effects of 5HT and  of 5HTP,  
the re  is no reason to  dismiss  t h e m  as iner t  me tabo t i t e s ;  
direct  exper imenta l  evidence will be  requi red  in each 
ins tance  to  d e m o n s t r a t e  or to  rule out  a neural  funct ion.  

A cur ren t  concep t  of neuroamine  modu la t ion  of synap-  
t~c t ransmiss ion  is mode led  af ter  our knowledge of 
acetylchol ine  med ia t ion  a t  t he  neuromucula r  junct ion.  
A m o n g  o the r  concepts  bor rowed  f rom this  per iphera l  
model,  a precursor  role is a t t r i b u t e d  to the  amino  acid and  
a modu la to r  funct ion  to  t he  amine,  and  the  d e a m i n a t e d  
p roduc t s  are considered as inact ive  metabol i tes .  This  
model  m a y  no t  be appl icable  to  neuroamine  media t ion  
in view of t he  slow t ime  course of the  response  and the  
abi l i ty  of t he  amines  to ac t  upon  depolar ized cells, a t  
least  in t he  case of smoo th  muscle  ts. The biological 
ac t iv i ty  of 5HTA 6,4, 5HTOL, 5HIAA and  me la ton in  in 
add i t ion  to  the  possible d i rect  effects of 5 H T P  (indepen- 
d e n t  of its convers ion to  5HT) suggest  the  concep t  of a 
'modu la to r  chain ' ,  each m e m b e r  of which p lays  a physio-  
logicM role presynapt ica l ly ,  pos t synapt ica l ly ,  or both .  
The fo rma t ion  of 5HTOL or of 5HIAA represen t  a l terna-  
t ive  metabol ic  p a t h w a y s  for 5HTA probab ly  control led 
by  localized a l te ra t ion  in t he  redox  e n v i r o n m e n t  19. In  t he  
adrenergic  series, dopamine ,  norepinephr ine ,  ep inephr ine  
and  poss ib ly  D O P A  func t ion  as modula to r s ;  however ,  

insofar  as we know, the  3 amines  p lay  such a physio-  
logical role a t  d i f fe rent  sites and  do no t  act  in conjunc t ion  
at  the  same synapse .  Other  pairs  of act ive compounds  
are h i s t a m i n e - m e t h y l h i s t a m i n e  2~ and  glutamic  acid- 
GABA 21. 

Indo lace t a ldehyde  and  5 H I A A  are known to  be p l a n t  
hormonesZg. PULLMAN and PULLMAN'3 po in ted  out  t h a t  
t he  electronic conf igura t ion  requ i rements  for biological 
func t ion  are so s t r ingen t  t h a t  the  same l imi ted  n u mb er  of 
chemicals  is used  all over  the  p l an t  and  animal  k ingdoms 
to  accompl ish  a va r i e ty  of funct ions  ~. 

Resumen. E n  el conejo no anestesiado,  el acido 5- 
hidroxi indoleac6t ico y el 5-hidroxi t r iptofol  modif ican  los 
potenciales  6pticos evocados  de man e ra  similar  que la 
serotonina.  Los der ivados  deaminados  de la sero tonina  
p r o b a b l e m e n t e  mo d u l an  las sin~psis seroton6rgicas.  
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