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Results. E//ect o[ melatonin. M e l a t o n i n  decreased ~*C- 
glucose o x i d a t i o n  to ~CO2 a t  c o n c e n t r a t i o n  of 10 ~g/ml  
S imul taneous ly ,  i t  decreased  i ts  i nco rpo ra t i on  in to  
glycer ide-glycerol  f r ac t ion  a t  a level  of 5 ~zg/ml and  in to  
f a t t y  acids a t  c o n c e n t r a t i o n  of 1 ~g/ml  (Figures  1-3). 

E]/ect o/serotonin. Sero ton in  d id  no t  h a v e  a n y  s ta t i s t i -  
cal ly s igni f icant  effect  on  glucose oxd i a t i on  or f a t t y  acid 
syn thes i s  a t  concen t r a t i ons  even  h ighe r  t h a n  10 tzg/ml. A 
decrease  in glucose i n c o r p o r a t i o n  in to  t he  glyceride-  
glycerol  f r ac t ion  was n o t e d  a t  t he  10 ~g level  (Figures 1-3). 

Discussion. A l t h o u g h  m e l a t o n i n  a n d  se ro ton in  are 
s t r u c t u r a l  analogues ,  t h e i r  effects on  glucose m e t a b o l i s m  
a p p e a r  to  be  different .  Me la ton in  decreased ~aC-glucose 
ox ida t ion  whi le  se ro ton in  was inact ive .  Me la ton in  
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decreased ~4C-glucose i n c o r p o r a t i o n  in to  glyceride-  
glycerol  f rac t ions  a n d  se ro ton in  showed  q u a l i t a t i v e l y  
s imi lar  effects. Me la ton in  decreased  ~4C-fatty acid syn thes i s  
while  se ro ton in  d id  no t  show s imi la r  effects. These  d a t a  
ind ica te  t h a t  m e l a t o n i n  m a y  h a v e  p e r i p h e r a l  effects, o the r  
t h a n  those  descr ibed  previously~,  ~, a n d  i ts  p e r i p h e r a l  
i n h i b i t o r y  effects ~o m a y  p a r t l y  be  m e d i a t e d  b y  i ts  effects 
on glucose me tabo l i sm.  The  phys io logica l  s ignif icance of 
these  obse rva t i ons  in  r egu la t ion  of l ip id  m e t a b o l i s m  in v ivo  
is a t  p r e sen t  u n c e r t a i n  and  r e m a i n s  to  be e luc ida ted  n.  

Rdsumd, Nous  avons  6tudi6 les effets  de la m61atonine  
et  de la s6ro tonine  sur  le m 6 t a b o l i s m e  du 14C-glucose dans  
le t i ssu  ad ipeux  du  lapin.  La  m61atonine  semble  i n h i b e r  la  
syn th~se  des acides gras e t  l ' o x i d a t i o n  du  glucose alors 
que  la s6ro ton ine  est  sans  act ion.  L a  m6Ia ton ine  et  la 
s6ro tonine  e m p ~ c h e n t  l ' i n c o r p o r a t i o n  du  ~4C-glucose 
dans  la f r ac t i on  glyc6ride-glyc6rol.  
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Hormonal  Imputs  and Brain Tryptophan Metabolism: the Effect of Growth Hormone 

A large b o d y  of e x p e r i m e n t a l  ev idence  in an i ma l s  and  
in t he  h u m a n  has  a c c u m u l a t e d  in r ecen t  years  for t he  
p a r t i c i p a t i o n  of b r a i n  m onoam i nes ,  n o r e p i n e p h r i n e  (NE), 
d o p a m i n e  (DA) and  se ro ton in  (5-HT) in t he  neuro-  
h o r m o n a l  con t ro l  of an t e r i o r  p i t u i t a r y  (AP) h o r m o n e s  L 

Much  a t t e n t i o n  ha s  been  g iven  to  t he  presence  of 
se ro toninerg ic  pa thway( s )  m e d i a t i n g  neu roendoc r ine  
regu la t ion  of g o n a d o t r o p i n s  and  p ro t ac t i n  secret ion.  
I n t r a v e n t r i c u l a r  ins t i l l a t ion  of 5 -HT in t h e  r a t  e n h a n c e d  
p ro l ac t i n  c o n c e n t r a t i o n  in  t he  pe r iphe ra l  p l a s m a  and  
decreased  p l a s m a  c o n c e n t r a t i o n s  of gonadot rop ins2 .  
Sys temic  a d m i n i s t r a t i o n  of 5 -HT precursors ,  1 - t r y p t o p h a n  
(TP) or 5 - h y d r o x y - L - t r y p t o p h a n  (5-HTP)  increased 
se rum p r o l a c t i n  concen t r a t i ons  in  b o t h  l a b o r a t o r y  
a n i m a l  3 a n d  t h e  h u m a n 4 ;  5 - H T P  has  also been  impl i ca t ed  
in t he  con t ro l  of g r o w t h  h o r m o n e  (GH) release in t he  
h u m a n  ~, a f ind ing  no t  co r robo ra t ed  b y  o the r  s tudies% 

Studies  on  t h e  effect  of v a r y i n g  endocr ine  func t i on  on  
5 -HT m e t a b o l i s m  h a v e  also been  repor ted ,  t h o u g h  mos t  
have  been  concerned  w i t h  the  effects of ad r ena l  s te ro ids  ~-~0. 
Here  we r epo r t  d a t a  on  b r a i n  5 -HT m e t a b o l i s m  in two 
e x p e r i m e n t a l  cond i t ions  wh ich  h a v e  in c o m m o n  a lack of 
p i t u i t a r y  G H  a n d  refer  also to t he  effect  of a G H  replace-  
m e n t  t he r apy .  

Fema le  Sp rague -Dawley  r a t s  were o b t a i n e d  a t  weaning,  
fed a s t a n d a r d  l a b o r a t o r y  d ie t  ad  lib, m a i n t a i n e d  a t  
22 ~ 2~ and  exposed  to  14 h of l igh t  each  day  (06.00- 
20.00 h). E x p e r i m e n t s  were pe r fo rmed  15 days  fol lowing 
h y p o p h y s e c t o m y  in 40-day-old  rats .  A g e - m a t c h e d  i n t a c t  
r a t s  were used as controls .  On the  day  of t he  e x p e r i m e n t  
an ima l s  were ki l led b y  d e c a p i t a t i o n  be t w een  08.30-09.00 h. 
B r a i n  was removed ,  weighed  and  s tored  a t  - -20~  un t i l  
a ssayed  for TP,  5 -HT a n d  5 -hydroxy indo leace t i c  acid 
(5-HIAA)11,1~. B r a i n  c o n c e n t r a t i o n s  of b o t h  T P  a n d  5- 
t t I A A  were m a r k e d l y  h igher  in  h y p o p h y s e c t o m i z e d  ra t s  
t h a n  in a g e - m a t c h e d  i n t a c t  controls ,  whi le  b r a i n  5 -HT 
levels were c o m p a r a b l e  in  t he  two groups  (Table  I). I t  is 
genera l ly  recognized t h a t  t h e  r a t e  of 5 -HT f o r m a t i o n  in 
t he  b r a i n  is r egu la t ed  p r inc ipa l ly  b y  t he  a v a i l a b i l i t y  of t he  

a m i n o  acid p recursor  TP,  t he  n o r m a l  c o n c e n t r a t i o n  of 
wh ich  in t i ssues  is below the  K m  for t he  f i rs t  e n z y m e  in 
5 -HT b i o s y n t h e t i c  p a t h w a y ,  t r y p t o p h a n  h y d r o x y l a s e  ~8. 
The  f ind ing  t h a t  h y p o p h y s e c t o m i z e d  ra t s  h a d  e l eva ted  
b r a i n  T P  levels, and  t he  r epo r t ed  i n a b i l i t y  of h y p o p h y s -  
e c t o m y  to affect  b r a i n  T P  h y d r o x y l a s e  ~, sugges t  t h a t  
p i t u i t a r y  a b l a t i o n  m a y  be  assoc ia ted  w i t h  a n  increased  
b r a i n  5 -HT me tabo l i sm.  The  o b s e r v a t i o n  t h a t  b r a in  
5 - H I A A  concen t r a t i ons  were also increased  b y  hypo-  
p h y s e c t o m y  f u r t h e r  s u b s t a n t i a t e s  t h i s  hypo thes i s .  How-  
ever, an  a l t e r a t i o n  of 5 - H I A A  ef i lux  r a t e  f rom the  b r a i n  
c a n n o t  be  exc luded  a t  present .  

T h e  effect  of h y p o p h y s e c t o m y  on b r a i n  5 -HT m e t a b -  
ol ism could be  ascr ibed  to t he  def ic iency of one or more  
h o r m o n a l  product (s )  secre ted  b y  t h e  A P  itself  or b y  a 
pe r iphe ra l  t a r g e t  g l and  u n d e r  A P  r e g u l a t o r y  control .  
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The f indings t h a t  cor t icos terone  def iciency in the  adrenal -  
ec tomized  ra t  or admin i s t r a t i on  of ACTH to  normal  
animals  are associa ted respec t ive ly  w i th  a decrease or an 
increase in bra in  5-HT tu rnove r  7-~0 seem to rule out  t he  
poss ibi l i ty  t h a t  t he  effect  of h y p o p h y s e c t o m y  on 5-HT 
me tabo l i sm m a y  be med ia t ed  by a lack of adrena l  cort i-  
coids or ACTH. 

A m o n g  the  several  physiological  fac tors  whose  lack 
could be responsible  for the  effect  of p i t u i t a ry  ab la t ion  on 
bra in  indoles, g rowth  ho rmone  deserves par t i cu la r  a t t en -  
tion. The poss ibi l i ty  t h a t  GH m a y  al ter  5-HT me tab -  
olism th rough  the  ava i lab i l i ty  of the  5-HT amino  acid 
precursor,  i.e. TP,  has  to be considered on recall ing the  
p ro found  effect  of GH on amino  acid me tabo l i sm ~5. 

For  t es t ing  the  role of GH, a group of hypophy s ec t o -  
mized ra ts  received i.p. dai ly  for 7 d a y s  a dose of 1.0 mg 
bovine  GH (N1H-13-17). Af te r  killing, bra in  was r emoved  
and  TP, 5 - H T  and  5 -HIAA de te rmined  as p rev ious ly  
indicated.  GH t h e r a p y  resul ted  in h y p o p h y s e c t o m i z e d  

Table I. Brain concentrations of tryptophan (TP), serotonin (5-HT) 
and 5-hydroxyindoleaeetic acid (5-IflAA) in hypophyseetomized 
(hypox) and hypox-growth hormone (GH) treated rats 

Treatment Brain 

TP (bag/g) 5-ifT (big/g) 5-HIAA (bag/g) 

Intact controls 3.40 4- 0.19 0.64 -4- 0.012 0.39 4- 0.008 
Hypox 6.92 4- 0.30 �9 0.63 4- 0.010 0.65 4- 0.017 ~ 
Hypox + GH 4.92 ~ 0.20 b 0.62 4- 0.017 0.54 4- 0.026 a 

Hypophysectomy was performed at 26-28 days of age. Animals were 
maintained for 2 weeks and those with evidence of continuous 
growth were not used. The completeness of hypophysectomy was 
determined in each animal at autopsy. GH was administered daily 
(1.0 mg i.p.) for 7 days. Rats were killed 20 h after the last injection 
of GH. Administration of GH to hypophysectomized rats induced a 
significant increase in body weight, but did not increase mean food 
intake. Each value is the mean of 5 determinations 4- the standard 
error of the mean. �9 p < 0.001 vs intact controls; b p < 0.001 vs 
hypox; o p < 0.001 vs intact controls; a p < 0.01 vs hypox. 

Table II. Brain concentrations of TP, 5-HT and 5-HIAA in dwarf 
Snell-Bag mice (dw/dw) and in heterozygote controls (dw/+) 

Treatment Brain 

TP (bag/g) 5-HT (bag/g) 5-HIAA (big/g) 

(dw/+) 4.20 ~ 0.21 1.15 • 0.055 0.33 i 0.020 
(dw/dw) 6.40 ~ 0.33~ 1.15 + 0.024 0.65 4- 0.026~ 
(dw/+) + GH 3.87 • 0.19 1.33 i 0.093 0.26 i 0-026 a 
(dw/dw) + G H  5.57 4- 0.20 b 1.304-0.010 0.57 4- 0.014 e 

ra t s  in a s ignif icant  r educ t ion  of b ra in  T P  and  5 -H IAA 
concen t ra t ions  and did no t  modi fy  bra in  5-HT (Table I). 
The la t t e r  f indings  suggested GH deficiency to be respon-  
sible, a t  least  par t ia l ly ,  for the  ,al tered bra in  T P  and  
5 -HT me tabo l i sm presen t  in the  h y p o p h y s e c t o m i z e d  rats.  

A more  p roper  eva lua t ion  of GH role was m a d e  by  
s tudy ing  brain  T P  me tabo l i sm in genet ical ly  dwar f  mice, 
which  are charac te r ized  by  a select ive def ic iency in t he  
secret ion of GH and pro lac t in  f rom the  an te r ior  p i tu i t a ry  16. 

Female  dwarf  mice (dw/dw), 4 weeks old, of the  
Snel l -Bag strain,  descendan t s  of a colony original ly 
ob ta ined  by  the  Jackson  Labora tor ies ,  Bar  Harbor ,  Me, 
were used. Age-ma tched  he te rozygote  mice ( d w / + )  were  
used as controls .  Similar ly  to  t he  h y p o h y s e c t o m i z e d  rats ,  
GH-def ic ien t  mice had  bra in  T P  and  5 -HIAA concent ra-  
t ions  ma rk ed l y  h igher  t h a n  controls .  A GH t r e a t m e n t  
(200 bag i.p. daily, for 1 week) decreased T P  and  5 -HIAA 
levels b o t h  in dwarf  mice and  controls.  In  no one of the  
above exper imen ta l  condi t ions  was there  a change  in 
brain  5-HT concen t ra t ions  (Table II). 

Al though,  as s t a t ed  above, dwarf  mice lack also 
prolactin16, the  la t t e r  ho rmone  does no t  seem to p lay  a 
s ignif icant  role in affect ing bra in  5-HT metabol i sm.  A 
pro lac t in  r ep lacemen t  t h e r a p y  did no t  change  s ignif icant ly  
bra in  T P  levels in b o t h  dwarf  mice and  h y p o p h y s e c t o m i z e d  
rats.  

Collectively, these  da t a  d e m o n s t r a t e  t h a t  a def ic iency 
in c i rculat ing p i t u i t a r y  hormone(s) ,  as p re sen t  in the  
h y p o p h y s e c t o m i z e d  ra t  or dwarf  mouse,  can affect  the  
b ra in  me tabo l i sm of an amino  acid, such as TP,  ulti-  
ma te ly  resul t ing in an a l te ra t ion  in t he  me tabo l i sm of a 
n e u r o t r a n s m i t t e r  subs tance  i.e., 5-HT. 

The s imilar  changes  in b ra in  T P  and  poss ibly  5-HT 
me tabo l i sm  presen t  in the  h y p o p h y s e c t o m i z e d  ra t  and in 
t he  dwar f  mouse, in which  there  is a more  select ive lack 
of g rowth  hormone ,  po in t  to a def ic iency of the  la t t e r  
as a ma jo r  d e t e r m i n a n t  of the  observed al terat ions.  This  
view is suppor t ed  by  the  f inding t h a t  in bo th  expe r imen ta l  
models  GH t r e a t m e n t  pa r t i a l ly  Counteracted the  in- 
creased T P  and  5 -HIAA bra in  concent ra t ions .  The  possible  
mode  of ac t ion of GH in affect ing bra in  T P  me tabo l i sm is 
cu r ren t ly  under  inves t iga t ion .  

In  conclusion,  the  poss ib i l i ty  t h a t  f luc tua t ions  in some 
essent ia l  p l a sma  cons t i tuen t s  as a resul t  of hormona l  
impu t s  m a y  influence bra in  T P  avai labi l i ty ,  thus  a l ter ing 
bra in  5-HT me tabo l i sm  is suppor t ed  by  the  p re sen t  
f indings.  Disease s ta tes  of the  endocr ine  sys tem,  in which  
d r ama t i c  changes  occur in the  levels of hormones  in the  
blood m a y  result  in a l te ra t ion  in a bra in  n e u r o t r a n s m i t t e r  
(5-HT) funct ion.  In  some endocr inopa t ies  deranged  
mechan i sms  of ho rmona l  feed-back  control  and /o r  
disorders  of the  affect ive  behav ior  m i g h t  have  such an 
origin 17. 

Riassunto .  Nel topo  gene t i camen te  nano,  che p r e s e n t s  
una  se le t t iva  carenza  di  o rmone  soma to t ropo  (Gt-I) e nel 
r a t i o  ipof isectomizzato ,  i livelli cerebrali  di  1-tr iptofano 
(TP) e di acido 5-idrossi- indolacet ico (5-HIAA) sono 

The mean food intake/g b.wt. was not significantly different in 
dwarf mice and controls. GH was administered daily (200 bag i.p.) for 
7 days. Mice were killed 20 h after the last injection of GH. Ad- 
ministration of Gif resulted in a slight body weight increase in dwarf 
mice, but did not increase body weight of controls over that present 
in untreated mice. Mean food intake in both dwarf mice and controls 
was not changed by Gif treatment. Each value is the mean of at least 
6 determinations • the standard error of the mean. ~ p < 0.001 vs 
(dw/+) ; b p < 0.05 vs (dw/dw) ; ~ p < 0.001 vs (dw/+) ; a p < 0.02 vs 
(dw/+); e p < 0.02 vs (dw/dw). 
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COllSiderevolmente p ig  e l eva t i  che net  control l i ,  m e n t r e  i 
l ivell i  ce rebra l i  di  s e ro ton ina  (5-HT) sono p r a t i c a m e n t e  
immodi f ica t i .  L a  sommin i s t r a z ione  di G H  r iduce  i l ivell i  
di  T P  e 5 - H I A A  e non  mod i f i e s  i l ivel l i  di  5 -HT sia nel  

topo  n a n o  che nel  r a t t o  ipof i sec tomizza to .  Ques t i  r i su l t a t i  
d i m o s t r a n o  che la ca renza  di  G H  g u n  I a t t o r e  i m p o r t a n t e  
nel  d e t e r m i n a r e  le a l t e raz ion i  del m e t a b o l i s m o  della 5 -HT 
p re sen t i  in  e n t r a m b i  i mode l l i  spe r imenta l i .  
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P R O  L A B O R A T O R I O  

An I n s t r u m e n t  for Mechanical  Dis soc ia t ion  of T i s s u e s  

Mechanica l  d issoc ia t ion  of t i ssues  in to  single ceils I l l  order  to  ove rcome  these  diff icul t ies ,  special  combs  
resu l t s  to  some e x t e n t  in  phys ica l  d a m a g e  to ceils. Tile were devised  for  m e c h a n i c a l  d i ssoc ia t ion  of t issues.  A 
a im  of m e c h a n i c a l  segrega t ion  is to  o b t a i n  single ceils pa i r  of these  combs  were used  s i m u l t a n e o u s l y  in  t h e  pro- 
w i t h o u t  effects of chemica l  d issoc ia t ing  agen t s  on cel lular  " cess. T h e  d issoc ia t ion  was  pe r fo rmed  b y  m o v e m e n t  of 
a c t i v i t y ;  in  a d d i t i o n  i t  serves to  free ce r t a in  t i ssue  
e l ement s  p r io r  to  f u r t h e r  t r e a t m e n t s .  An  a p p r o p r i a t e  
d i ssoc ia t ion  t e c h n i q u e  is expec t ed  to yield qu ick ly  and  
c o n v e n i e n t l y  large q u a n t i t i e s  of cells, mos t  of wh ich  are 
u n d a m a g e d  a n d  viable .  Techn iques  c o m m o n l y  used  f o r  
these  purposes  do no t  comple t e ly  mee t  all  of these  
r equ i r emen t s .  Tissue minc ing  w i t h  scissors or razor  
blade,  or squash ing  t i ssue  f r a g m e n t s  t h r o u g h  a net ,  
resul t s  on ly  in a low r a t e  of u n d a m a g e d  cells; d i ssoc ia t ion  
of t i ssues  w i t h  d issec t ing  needles  does no t  yield suff ic ient  
q u a n t i t i e s  of i so la ted  cells w i t h i n  all a d e q u a t e l y  shor t  
per iod  of t ime.  

The  d i f f icul ty  is even  more  severe  conce rn ing  sepa ra t i on  
of t h e  cover ing  layer  of villi ,  as is t he  case w i t h  p l acen t a l  
v i l lous  s y n c y t i o t r o p h o b l a s t .  There ,  t he  syncy t i a l  n a t u r e  
of t h e  layer,  i ts  size a n d  s t r u c t u r e  m a k e s  t h e  t a s k  of 
o b t a i n i n g  cons iderab le  a m o u n t  of whole  u n d a m a g e d  cells 
v e r y  dif i icul t .  

one c o m b  aga ins t  t h e  o the r  w i t h  t e e t h  in te r lock ing ,  w i t h  
t h e  f r a g m e n t s  of t i ssue  ly ing  b e t w e e n  t h e  two rows of 
t e e t h  (Figure  1). T h e  m o v e m e n t  of t h e  combs  resu l ted  ill 
d i s soc ia t ion  of t h e  t i ssue  pieces in to  i n d i v i d u a l  cells or 
in to  v e r y  smal l  t i s sue  f r agments ,  accord ing  to  t h e  t y p e  of 
t issue.  

Fig. 1. The combs as used in the process of tissue dissociation. Fig. 2. A comb for tissue dissociation. A, needles; B, head; C, handle. 


