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mikroskopischen  A u f n a h m e n  vesikul~re S t ruk tu ren  dar- 
stellen. Die langsamer  sed imen t i e rende  K o m p o n e n t e  
(85S) h a t  einen kle ineren Durchmesse r  (507 A) und  ist 
weniger  d ich t  (1.16 g /cm 3) als die schnel ler  sed iment ie -  
rende  K o m p o n e n t e  mi t  e inem durchschn i t t l i chen  Durch-  
messer  yon 609 A_ und  einer  Dich te  yon  1.20 g/cm 3. Die 
Dekapaz i t a t i onsak t iv i t g t  in Samenfl i iss igkei t  k o m m t  
be iden  zu und  n ich t  nur  w i t  bis j e t z t  a n g e n o m m e n  wurde,  

der  85S K o m p o n e n t e .  Zwei verschiedene  Ves ike l typen  
wurden  auch in der  Samenfl i iss igkei t  yon  Mensch und  
Stier  gefunden.  
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Developmental Pattern of the Serotonin Synthesizing Enzyme in the Brain 
of Postnatally Malnourished Rats 

Study  of the  me tabo l i sm of bra in  biogenic amines  in 
animals  malnour i shed  f rom b i r th  represents  an oppor tun i -  
t y  to evalua te  the  effects  of ma lnu t r i t i on  on a b iochemical  
p a r a m e t e r  closely re la ted  to neuronal  func t ion  dur ing  
deve lopmen t  and  ma tu r i t y .  5 - H y d r o x y - t r y p t a m i n e  (5-HT) 
acts  in the  bra in  as a n e u r o t r a n s m i t t e r  and  seems to 
pa r t i c ipa te  in t he  in tegra t ion  and control  of psycho-  
emot iona l  behav iour  *-6. We have  therefore  cons idered  
i t  of impor t ance  to s t u d y  the  me tabo l i sm  of 5-HT in t he  
bra in  of no rma l  and  malnour i shed  developing rats .  The 
ac t iv i ty  of t he  bra in  enzyme  5 - H y d r o x y r t y p t o p h a n e -  
Decarboxylase  (5-HTPD) which  synthes izes  5-HT was 
measured  as well as the  concen t ra t ion  of th is  amine.  The 
results  will be out l ined  here. 

Methods. Albino rats ,  or iginal ly Wis t a r  strain,  were 
malnour i shed  f rom b i r t h  w i th  t he  m e t h o d  used by  
W I D D O W S O N  and K E N N E D Y  7. Newborn  ra ts  were re- 
d i s t r ibu ted  wi th in  12 h of b i r t h  in to  l i t ters  of 6 and  16 per  
mother ,  t he  former  were considered controls  and  the  
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Activity of 5-Hydroxytryptophane-decarboxylase in the brain of 
rats malnourished from birth and normal controls. Each point repre- 
sents the mean activity from 3 to 14 samples, from at least 3 different 
litters • S.E. The enzyme activity is expressed as ~xg of 5-HT/g of 
wet weight/1 h. 

l a t t e r  malnour ished.  On day  21 the  young  were separa ted  
f rom the  m o t h e r  in indiv idual  cages and  fed Pur ina  chow 
ad l ib i tum (control  group) or 50% of the  normal  caloric 
r equ i remen t s  (malnour ished group). -Water was offered ad 
l ib i tum to all animals.  Body  and bra in  weight  curves 
were de t e rmined  in b o t h  groups. Animals  were killed by  
decap i t a t ion  on days,  5, 12, 21, and  30, the  bra in  was 
dissected (cerebellum, p inea l  and  o l fac tory  bulbs  were 
no t  included),  weighed,  and  homogenized  in 0.25 3/I 
cold sucrose or 0.1 N HC1. For  the  e s t ima t ion  of 5 -HTPD-  
ac t iv i ty  the  m e t h o d  of KUNTZMAN et al. s, was used. For  
measur ing  serotonin  concent ra t ion ,  the  m e t h o d  descr ibed 
by  SIqYDER et al. 9 was employed.  

Results and discussion. Defici ts  in body  and  bra in  
weight  in malnour i shed  animals  were, a t  30 days  of age, 
of the  order  of 40% and 15% respec t ive ly  as compared  
wi th  the  controls .  The deve lopmen ta l  curve of the  ac t iv i ty  
of 5 -HTPD in the  whole  bra in  of ra t s  f rom b o t h  groups 
s tudied  is shown in the  Figure.  In  the  contro l  group tile 
enzyme curve shows a decrease in ac t iv i ty  be tween  b i r th  
and the  5th day, increasing the rea f t e r  up to the  21st day,  
w i th  a lower ra te  of increase be tween  days  21 and 30. 
5 -HTPD ac t iv i ty  in the  bra in  of malnour i shed  ra ts  
showed a t e n d e n c y  to  be lower t h a n  in controls ,  be ing 
s ignif icant ly  lower on day  21 (p < 0.05), calcula ted on tile 
basis of d ry  weigh t  (Table I). The decrease in enzyme 
ac t iv i ty  observed on the  5th day  in t he  controls  was 
observed on the  12 d a y  in t he  bra in  of ma lnour i shed  
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Table I. Activity of 5-Hydroxytryptophane-Decarboxylase (~zg of 
5-HT/g dry weight[I h d- S.E.I 

Age 12 days 21 days �9 
Normals 553.9~ 62.4 1061 ::[=90.4 
Malnourished 369.8:t=126.9 821.7~=_65.2 
�9 p 0.05. 

Table fI. IVfean concentrations of 5-Hydroxytryptamine, ng/g wet 
weight, in the brain of Normal (N) and Malnourished (M) rats ~ S.E. 

Age in days 
0 5 12 21 Adults 

N 345~7.7  138~=20.0 277=[:: 10.7 352-4-42.0 523:~33.1 
M -- 151-4- 12.6 345=1-30.2 307-4-66.2 -- 
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animals .  This  poss ib ly  r ep resen t s  a r e t a r d a t i o n  of bio- 
chemica l  b r a i n  d e v e l o p m e n t  of t h e  under fed  an imals .  I t  is 
i n t e re s t ing  t h a t  s ign i f ican t  differences in  5 - H T P D  a c t i v i t y  
a p p r e a r e d  on ly  on day  21. A t  th i s  age t he  5 - H T P D  
ac t i v i t y  in t h e  m a l n o u r i s h e d  b r a i n  is e q u i v a l e n t  to  the  
a c t i v i t y  p re sen t  in  t he  cont ro ls  in t he  2nd week, r epresen t -  
ing also an  i m m a t u r e  b iochemica l  feature .  Lolzou~~ n 
r epo r t ed  t h a t  5 -HT c o n t e n t  of neu r one  bodies  a n d  
t e r m i n a l s  in t he  b r a i n  of t he  r a t  a t t a i n e d  adu l t  va lues  b y  
t he  3rd week. I t  is possible  t h a t  in  th i s  per iod  t he  m e t a -  
bolic changes  induced  b y  ear ly  m a l n u t r i t i o n  are more  
s t r ik ing.  SHOE~aAKXR et  al.~=, s t u d y i n g  t he  offspr ing of 
r a t s  fed a low p ro t e in  d ie t  du r ing  p regnancy ,  found  a low 
c o n t e n t  of no rep ineph r i ne  and  d o p a m i n e  in t he  b r a i n  on  
t he  24 th  p o s t n a t a l  day.  Our  resul ts  on 5 - H T P D  a c t i v i t y  
also sugges t  a mod i f i ca t ion  of t he  b r a i n  biogenic  amines  
m e t a b o l i s m  in t he  3rd week  of p o s t n a t a l  life in ear ly  
m a l n o u r i s h e d  rats .  EAYRS et  al. ~a, f ound  i m p o v e r i s h m e n t  
of t he  neurop i l  n e t w o r k  wh ich  n o r m a l l y  m a t u r e s  f rom 
day  20th  to  day  25th, in  t he  b r a i n  of ea r ly  m a l n o u r i s h e d  
rats .  The  possible  me tabo l i c  changes  in th i s  pe r iod  could 
reflect  a l t e r a t ions  of synap t i c  m a t u r a t i o n  and  func t ion .  

The  c o n c e n t r a t i o n  of t he  b r a i n  5 -HT was no t  signifi- 
can t ly  d i f ferent  be twee n  the  2 e x p e r i m e n t a l  groups  a t  t he  
var ious  ages s tudied,  a l t h o u g h  a t e n d e n c y  to  lower va lues  
in  t he  m a l n o u r i s h e d  group  on  d a y  21 was no t iced  (Table  
II) .  I t  is possible  t h a t  n o r m a l  concen t r a t i ons  of t he  b r a i n  
5 -HT could be  suppl ied  even  b y  a lower a c t i v i t y  of 
5 -HTPD,  a l t h o u g h  low u t i l i za t ion  or a modi f i ca t ion  in t he  
c a t a b o l i s m  of t he  a m i n e  should  be  also considered.  On 
the  o the r  h a n d ,  cons ider ing  t he  b r a i n  as a whole,  real  

dif ferences  in 5-HT levels in  t he  m a l n o u r i s h e d  could be  
masked .  I n  more  discre te  and  specific regions  o f t h e b r a i n ,  
in  wh ich  s e ro ton in  concen t r a t i ons  are n o r m a l l y  different ,  
more  s t r ik ing  changes  in i ts  m e t a b o l i s m  m i g h t  be found  
in t he  deve lopp ing  m a l n o u r i s h e d  rat .  F u r t h e r  s tudies  
conce rn ing  5 - H T P D  ac t iv i ty ,  5-HT, and  n o r a d r e n a l i n e  
levels in d i f fe ren t  b r a i n  regions  in n o r m a l  and  ear ly  
unde r fed  ra t s  are p lanned .  

Rdsumd. Dans  le ce rveau  de r a t s  sou f f r an t  de m a l n u t r i -  
t i on  depuis  la naissance,  on a dg te rmin6  l ' ac t iv i t6  de 
l ' e n z y m e  5 - h y d r o x y t r y p t o p h a n e - d 6 s c a r b o x y l a s e  p e n d a n t  
le p r emie r  mois  du  d6ve loppemen t .  U n e  diff4rence signi- 
f ica t ive  a 6t6 observ4e le 21 eme jour  p a r  r a p p o r t  aux  con- 
tr61es. E n  m~me temps ,  la c o n c e n t r a t i o n  endog~ne de 5- 
H T  ne p r6sen ta  q u ' u n e  t e n d e n c e  ~ d iminuer .  
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Gramicidin S Analogs Containing N-Methylleucine in Place of Leucine 

For  t he  con fo rma t i on  of g r amic id in  S (GS), several  
models  h a v e  been  proposed.  A possible  nlodel,  wh ich  was 
f i rs t  suggested  b y  HODGKIN a n d  OUGHTON 1, is t h e  in t r a -  
molecula r  an t ipa ra l l e l  fi-form w i t h  4 h y d r o g e n  b o n d i n g s  
be tween  t he  va ly l  and  t he  leucyl  res idues  ~-*. I n  order  to  
i nves t i ga t e  to  w h a t  e x t e n t  these  h y d r o g e n  b o n d i n g s  will  
s tabi l ize  t h e  conformat ion ,  we syn thes ized  2 ana logs  of 
GS, l ack ing  1 or 2 of t he  4 i n t r a m o l e c u l a r  h y d r o g e n  
bondings .  

Material and method 5. Boc-Orn(Z) -OH was coupled 
w i t h  H-MeLeu-OMe b y  t he  use of t he  wate r - so lub le  
ca rbod i imide  6 to yie ld  Boc-Orn(Z)-MeLeu-OMe (I) in 
50% yield. Saponi f i ca t ion  of I gave  the  co r respond ing  

Antibacterial activity of the compounds (minimum inhibitory con- 
centration, p.g/ml) 

acid (II) as f ine crystals .  Boc-Orn(Z) -MeLeu-D-Phe-Pro-  
O E t  ( I I I )  was o b t a i n e d  f rom I I  and  H - D - P h e - P r o - O E t  in 
a near ly  q u a n t i t a t i v e  yield us ing  c t icyclohexylcarbodi i ln ide  
in the  presence  of 1 -hydroxybenzo t r i azo le  7. Af te r  r emov-  
al of t he  Boc group  of I I I ,  t h e  resu l t ing  t e t r a p e p t i d e  
es ter  was  coupled  w i t h  Boc -Va l -ONSu  to yield Boc-Val-  
Orn (Z) -MeLeu-D-Phe -P ro -OEt  (IV), in 80% yield,  wh ich  
was conve r t ed  to  t he  co r re spond ing  acid (V) b y  saponif ica-  
t i on  a n d  s u b s e q u e n t l y  to  H-Val -Orn(Z) -MeLeu-D-Phe-  
P r o - O H  (VI) b y  t he  ac t ion  of h y d r o g e n  chlor ide  in e t h y l  
ace ta te .  Condensa t ion  of t he  azide der ived  f rom Boc-Val-  
O r n ( Z ) - L e u - D - P h e - P r o - N H N H e  s w i t h  V I  gave  Boc-Val-  
Orn (Z) -Leu-D-Phe -Pro -Va l -Orn (Z) -MeLeu-D-Phe -Pro -OH 
(VII)  in 53% yield.  V I I  was  t h e n  t r a n s f o r m e d  to t he  
Boc -decapep t ide  N - h y d r o x y s u c c i n i m i d e  es ter  (VII I )  b y  
t he  r eac t ion  of N - h y d r o x y s u c c i n i m i d e  and  the  wate r -  
soluble carbodi imide .  Af te r  r e m o v a l  of t h e  Boc group  of 
V I I I  w i t h  t r i f luoroace t ic  acid, t he  decapep t ide  es ter  

Strain Gramicidin S [MeLeu a] - [Di-MeLeu a, a,]_ 
Gramieidin S Gramieidin S 
(x) (xv)  

Staphylococcus 6.25 6.25 6.25 
auyeus  
Bacillus 3.12 3.12 3.12 
subtilis 
Escherichia 100 50 50 
coli 
Shigella 100 100 100 
/lexneri 
Candida 50 50 25 
albicans 
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