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2 sepa ra t e  e x p e r i m e n t s  were car r ied  ou t  each  w i t h  3 
germ-f ree  a n d  3 c o n v e n t i o n a l  r a t s  we igh ing  f rom 150 to  
170 g. 10 days  before  a n d  d u r i n g  t he  s t u d y  all  an ima l s  
were g iven  a pe l le t  diet ,  a u t o c l a v e d  a t  120 ~ for 20 m i n l L  
Caffeic acid ( a p p r o x i m a t e l y  25 rag /an imal )  was  g iven  
ora l ly  as a suspens ion  in w a t e r  fol lowing s te r i l i za t ion  b y  
au toc lav ing .  C h r o m a t o g r a m s  of suspens ions  of caffeic 
acid so t r e a t e d  showed  only  u n c h a n g e d  compound .  The  
an ima l s  were a l lowed free access to  food and  w a t e r  d u r i n g  
t h e  e x p e r i m e n t a l  per iod.  The  ur ines  f rom t h e  c o n v e n t i o n a l  
r a t s  were col lected for 3 days  in c o n t a i n e r s  p laced  in 
solid c a r b o n  d ioxide  whi le  t h e  ur ines  f rom t h e  germ-free  
r a t s  were col lected a t  room t e m p e r a t u r e  for t h e  same  
per iod  b u t  r e m o v e d  f rom t he  isola tors  eve ry  24 h. The  
ur ines  were  s tored  f rozen un t i l  ana lyzed  b y  t h e  e x t r a c t i o n  
a n d  t h i n - l a y e r  c h r o m a t o g r a p h i c  m e t h o d s  descr ibed pre-  
v ious ly  7 excep t  t h a t  a f i -glucuronidase c o n t a i n i n g  sul- 
p h a t a s e  p r e p a r a t i o n  ( a p p r o x i m a t e l y  2000 un i t s /ml ,  t y p e  
H - l ,  S igma  Chemica l  Co.) a n d  20 h i n c u b a t i o n  t i m e  were 
used. 

T h e  m o s t  p r o n o u n c e d  di f ference be t w een  t he  chromato~ 
gra ins  of t h e  u r ines  f rom c o n v e n t i o n a l  and  germ-free  
r a t s  was  t he  comple te  absence  of m - hyd r oxypheny l~  
p rop ion ic  acid in t h e  l a t t e r  urines.  On t h e  o t h e r  h a n d ,  
t h i s  c o m p o u n d  p roduced  t he  m o s t  p r o m i n e n t  spo t  on  t he  
c h r o m a t o g r a m s  of ur ines  f rom c o n v e n t i o n a l  r a t s  where  
i t  was nea r ly  exclus ive ly  found  in t he  u n c o n j u g a t e d  frac~ 
t ion.  Caffeic acid was excre ted  b y  b o t h  g roups  of r a t s  a n d  
i t  was  de tec ted  in b o t h  t he  u n c o n j u g a t e d  a n d  c o n j u g a t e d  

fractions. The largest amounts were found in the uncon- 
j u g a t e d  f r ac t ion  f rom t h e  ge rm- i ree  an imals .  B o t h  g roups  
of r a t s  excre ted  large a m o u n t s  of ferul ic  acid wh ich  was 
found  m a i n l y  in t he  c o n j u g a t e d  f ract ion.  A fa i r ly  large 
n u m b e r  of c h r o m a t o g r a p h i c  spots  a r i s ing  f rom d i e t a ry  
subs t ances  m a d e  t h e  search  for m i n o r  me t abo l i t e s  dif-  
ficult .  The  .present  resul t s  the re fo re  conclus ive ly  show 
t h a t  t he  d e h y d r o x y l a t i o n  of caffeic acid is a r eac t ion  
car r ied  ou t  exc lus ive ly  b y  t he  i n t e s t i n a l  m ic roo rgan i sms  1~. 

Zusammen/assung. Nachweis ,  dass  die Dehydroxy l i e -  
r u n g  yon  Kaffees~Lure zu m - H y d r o x y - p h e n y l - p r o p i o n s ~ u r e  
d u r c h  in t e s t ina l e  Mik roo rgan i smen  erfolgt,  wie F i i t t e -  
r u n g s v e r s u c h e  m i t  n o r m a l e n  u n d  ke imf re i en  R a t t e n  
zeigten.  
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M a s s  and R N A  Content  of Rat  Spinal  Anter ior  Horn  N e u r o n e s  Dur ing  P o s t n a t a l  D e v e l o p m e n t  

E a r l y  U V - s p e c t r o g r a p h i c  s tud ies  on  e m b r y o n a l  r a t  
an t e r i o r  h o r n  neu rones  led to t h e  conc lus ion  t h a t  y o u n g  
n e r v e  cells, in  c o n t r a r y  to  o the r  s om a t i c  cells, pass  
t h r o u g h  a ' second per iod  of g rowth '  cha rac t e r i zed  b y  
c o n t i n u o u s  a c c u m u l a t i o n  of nue leo la r  and  cy t op l a smic  
nuc leo t ides  a n d  p ro t e ins  1. S imi lar  obs e r va t i ons  were 
m a d e  on  t he  m a s s  and  nucleic  acid c o n t e n t  of an t e r i o r  
h o r n  neu rones  of ch ick  e m b r y o s  ". ),To q u a n t i t a t i v e  infor-  
m a t i o n  is ava i lab le ,  however ,  on  t he  l a t e r  phases  of t he  
chemica l  d i f f e ren t i a t ion  of sp ina l  an t e r i o r  h o r n  neurones .  
Studies on rabbit retinal ganglion cells a and pyramidal 
cells of rat hippocampus 4 demonstrated differences in 
neuronal nucleic acid and protein content between young 
and adult animals but, because of discontinuous sampling, 
only limited conclusions could be made on the rate of 
change at different ages. 

Systematic quantitative cytochemieal information on 
the postnatal development of the nerve cell is desirable 
both for a better understanding of the normal growth 
and maturation of the nervous system, and as a baseline 
for studies of neuronal development under experimentally 
varied conditions. In the present report preliminary 
results of mass and ribonucleic acid (IRNA) determina- 
tions on isolated rat spinal anterior horn neurones are 
presented which illustrate the timing and magnitude of 
the postnatal developmental changes. 

Material and methods. Male Sp rague -Dawley  r a t s  were 
fos tered  in l i t t e rs  of 8 pups ,  w e a n e d  a t  21 days  of life, 
a n d  t h e r e a f t e r  g iven  s t a n d a r d  d i e t  ad  l i b i t um.  T he  r a t s  
were sacr i f iced b y  d e c a p i t a t i o n  a t  t h e  fo l lowing ages:  
a t  b i r th ,  5, 10, 15, 21, 30, 90, 180, 360 days.  T he  cervical  
sp ina l  cord was r ap i d l y  d issec ted  out ,  f ixed in Ca rnoy ' s  
so lu t ion  for 2 h, d e h y d r a t e d ,  and  e m b e d d e d  in  paraf f in .  
Sect ions  were  cu t  f rom t he  7 th  cervical  s e g m e n t  (at  t he  

level of t he  a t t a c h m e n t  of t h e  pos te r io r  roo t  on  t he  
sp ina l  cord) a t  40-80 tz, d e p e n d i n g  on  t h e  age of t h e  
an imal .  The  sect ions  were depara f f in ized  a n d  h y d r a t e d  
w i t h  0 . 0 I N  acet ic  acid. Large  an t e r i o r  h o r n  neu rones  
were d issected  ou t  f rom t h e  a n t e r o l a t e r a l  nucle i  us ing  a 
de F o n b r u n e  m i c r o m a n i p u l a t o r  5. 

Fo r  mass  d e t e r m i n a t i o n  t h e  d i rec t  X - r a y  a b s o r p t i o n  
m e t h o d  of ROSENGREN6 was used. The  cells were p laced  
on  a t h i n  s u p p o r t i n g  po lyes te r  f i lm 7 on  a n  a l u m i n i u m  
holder  The  X - r a y  a b s o r p t i o n  b y  t h e  cells, in  t he  wave-  
length range of 8 to I0 A, was measured directly with 
the aid of a proportional counter tube and conventional 
pulse counting equipment. Cell mass was calculated from 
these values. 

The total RNA content of the anterior horn neurones 
was determined according to EDSTR{JM s. The cells were 
extracted with ribonuclease (Worthington Biochemical 
Corporation, Freehold, New Jersey) solution, the RNA 
containing extracts evaporated on quartz slides, redis- 
solved in a buffer solution to form lens-shaped droplets, 
and photographed in UV-light at 2570 A_. The amount 
of RNA per droplet was determined by a densitometric 
procedure. 
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Results. The results  of mass  gnd R N A  de te rmina t ions  
are shown in Figures  1 and  2, respect ively .  The dry  
mass  of ra t  spinal  an te r ior  horn  neurones  af ter  Carnoy 
f ixat ion (reflecting essent ial ly  the i r  p ro te in  con ten t  since 
lipids are ex t r ac t ed  by  the  f ixa t ion  procedure  3) increases 
f rom 989 =k 53 pg at  b i r th  to  3570 2_ 106 pg at  1 year  of 
age. The to ta l  neurona l  R N A  con ten t  increases f rom 
122 :k 3 pg to 507 2_ 9 pg dur ing the  same period.  Near ly  
adul t  mass  and  R N A  values are a t t a ined  a l ready  a t  
i m o n t h  of age af ter  which the  increase is ve ry  slow. 

The s imul taneous  conf idence levels for the  confidence 
in tervals  in Figures  1 and  2 have  been calcula ted w i t h o u t  
any  assumpt ions  on the  shape  of the  curves represen t ing  
the  neuronal  mass  or IRNA con ten t  as func t ion  of age. 
W i t h  Weak regular i ty  condit ions,  the  shadowed  areas 
can be considered as conf idence bands  for the  curves on 
a confidence level exceeding 85%. On the  basis of these 
calculations,  it  appears  sound to  assume t h a t  the  curve 
represen t ing  the  neurona l  R N A  con ten t  is convex-  
concave (S-shaped) wi th  a very  s teep rise be tween  the  
ages 5 and 15 days.  A s teep rise in neuronal  mass  appears  
also to occur dur ing  the  same period.  

Discussion. Our observa t ions  show t h a t  the  in tense  
accumula t ion  of IRNA and protein ,  d e m o n s t r a t e d  by  
HYDs ~ tO occur in the  neuroblas t s  of embryona l  ra t  
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Fig. 1. The dry mass of Carnoy-fixed rat spinal anterior horn 
neurones plotted against age. Each point represents the mean value 
of 3 animals (about 100 neurenes). The angular points of the upper 
and lower edges of the shadowed area give the observed upper and 
lower confidence limits, respectively, on a confidence level of 98% 
for the neuronal mass of the corresponding age. This implies that 
the simultaneous confidence level for all confidence intervals is 
over 85%. 
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Fig. 2. The RNA content of rat spinal anterior horn neurones 
plotted against age. Statistical calculations as in Figure 1. 

spinal cord, cont inues  af ter  bir th.  R a t  spinal  an ter ior  
horn  neurones  undergo a per iod of rap id  chemical  
deve lopmen t  dur ing  the  f irs t  m o n t h  of pos tna t a l  life, 
par t icu lar ly  f rom 5-15 days  of age. This per iod coincides 
wi th  DOBBING'S s per iod II  a ( 'growth spurt ' )  of mor-  
phologicM centra l  nervous  sys t em deve lopment .  The 
i m p o r t a n t  cy tochemica l  changes  observed in neurones  
in the  p resen t  s t u d y  thus  a p p a r e n t l y  paral lel  the i r  
morphological  ma tu ra t ion .  

Near ly  adul t  mass  and  R N A  values are a t t a ined  
a l ready at  one m o n t h  of age, before the  main  g rowth  
spur t  of the  whole  body.  This is in aggreement  w i th  obser- 
va t ions  on the  increase in cell d i amete r  9 and vo lume ~~ 
of ra t  spinal  an ter ior  horn  neurones  wi th  advanc ing  age. 
Pos tna t a l  changes  in volume of ca t  spinal  neurones  were 
also found to follow a similar  course n.  The values ob ta ined  
in the  p resen t  s t u d y  for neuronal  mass  af ter  lipid ex t rac-  
t ion  and neuronal  R N A  con ten t  of adul t  ra t s  are con- 
s i s ten t  w i th  previous  exper ience  on mass  and R N A  
con ten t  of spinal  an ter ior  horn  ceils in o the r  species 1~, is. 
The pos tna tM fourfold increase in the  R N A  co n t en t  of 
spinal  nenrones  is in close ag reemen t  w i th  earlier observa-  
t ions  on py ramida l  cells of ra t  h ippocampus  4. I t  is of 
in teres t  to note  t h a t  the  re la t ive increase in neurona l  
R N A  appears  to  exceed t h a t  in mass.  

Considerable  a t t en t i on  has recent ly  been devo ted  to 
the  hypo thes i s  of vulnerable  per iods  in cent ra l  nervous  
sys t em deve lopmen t  s . I t  has  been shown t h a t  e.g. 
myel ina t ion  or cellular prol i fera t ion in ra t  b ra in  m a y  be 
i r revers ibly  affected by  unde rnu t r i t i on  dur ing  early pos t -  
na ta l  life s,14. Li t t le  is known,  however ,  abou t  the 
suscept ib i l i ty  of developing neurones  to var ia t ions  in the  
nu t r i t iona l  s ta tus  of the  individual ,  or o ther  environ-  
men ta l  influences. Because of the  magn i tude  and rap id i ty  
of the  pos tna ta l  cy toehemica l  deve lopmen t  of ra t  spinal  
anter ior  horn  neurones,  t h e y  m a y  cons t i tu te  a sui table  
model  for exper imenta l  s tudies  on the  effects of environ-  
m e n t  on neuronal  g rowth  and  m a t u r a t i o n  15. 

Zusammen/assung. Die pos tna ta l e  En twick lung  der 
Trockenmasse  und  des RNS-Geha l t e s  isolierter spinaler  
Vorderhornzel len  der  R a t t e  wurden  mi t  q u a n t i t a t i v e n  
Methoden  untersucht ,  wobei  eine pos tna ta le ,  3,6fache 
Ve rmehrung  der Nervenzel lmasse  und  eine 4,2roche des 
RNS-Geha l t e s  beobach t e t  wurde.  Berei ts  im Alter  yon  
einem Monat  werden  nahezu endgii l t ige Wer t e  erreicht .  
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