
15.1. 1973 Specialia 77 

of h i s t amine  ~7-~9 can increase the  levels of CAMP in the  
slices of bra in  in the  presence  of h i s t amine  ~ 

Classicyl f l-adrenergic b locking agents  were p o t e n t  
blockers  of no rad rena l ine - s t imu la t ed  CAMP accumula t ion  
in t he  cerebel lum of t he  guinea-pig  ~6, as well as the  
blockers  of g lycogenolyt ic  inf luence of noradrena l ine  and  
dopamine  9, b u t  no t  of h i s t amine  9, while  classical e-adre-  
nergic b locking agents  had  no abi l i ty  to block the  phe-  
n o m e n a  m e n t i o n e d  ", ~6 On the  o ther  hand ,  an t i -h i s tami -  
nic agents  blocked the  accumula t ion  of CAMP by  his ta-  
mine  ~6; t he  resul ts  of th is  work  show t h a t  an t i s t ine  also 
p r e v e n t e d  the  g lycogenolyt ic  inf luence of h is tamine ,  bu t  
no t  t h a t  of o ther  t e s t ed  monoamines ,  ne i ther  of CAMP or 
db-CAMP.  Therefore  i t  seems apparen t ,  t h a t  receptors  
for h i s t amine  and noradrena l ine  and /o r  sero tonin  in cere- 
bra l  coreex, cauda te  and t h a l a m u s  of ra t  are separa te  and 
t h a t  some blockers  are capable  of blocking one site wi th-  
ou t  hav ing  an effect  on the  other.  The d a t a  ob ta ined  sug- 
ges ted  t h a t  h i s t amine  by  accumula t ion  of CAMP pro-  
duces glycogenolysis  in ra t  b ra in  and  t h a t  there  m u s t  be 
d i f fe ren t  subuni t s  of adeny l  cyclase for h i s t amine  and  
o the r  monoamines  which  are involved in t he  process of 
glycogenolysis  in ra t  cerebral  cortex,  cauda te  and tha la-  
mus.  

Rdsumd. On a d6montr6  que l ' an t i s t ine  emp6che in v i t ro  
l 'effet  g lycog6nolyt ique de l 'h i s tamine ,  b ien qu 'el le  n ' a i t  
pas  d ' inf tuence  sur  les act ions  glycog6nolyt iques  de la 
noradr6nal ine,  de la dopamine ,  de la s6rotonine, du 3', 5'- 
AMP cycl ique et  de son d6riv6 dibut i r ique .  Ces r6sul ta ts  
sugg6rent  l ' ex is tence  de r6cepteurs  par t icul iers  pour  les 
amines  biog6nique dans  le t issue du cortex,  du nucleus 
cauda tus  et  du tha lamus .  De ces r6sul ta ts  on a conclu que, 
dans  le cerveau du rat ,  l ' ad6nocyclase  pour ra i t  6tre le r6- 
cep teur  h is taminique .  
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A x o p l a s m i c  Organe l l e s :  Quant i ta t ive  Di f ferences  b e t w e e n  Ventral  and D o r s a l  Root  F ibres  of the Rat  1, 2 

Based on electro-physiological  inves t iga t ions  of single 
per iphera l  nerve  fibers, several  p a r a m e t e r s  for discr imin-  
a t ing  m o t o r  and sensory  fibers have  been  descr ibed a 
Morphology has so far no means  for d is t inguishing  
d i f ferent  t y p e s  of nerve  f ibres wi th in  a mixed  nerve,  
excep t  wi th in  cer ta in  l imi ts  by  chol ines terase  histo-  
chemis t ry  ~. The resul ts  p re sen ted  below suggest  a new 
poss ib i l i ty  for d i f fe ren t ia t ing  moto r  and  sensory  compo-  
nen t s  in per iphera l  nerves  by  means  of e lec t ron micro- 
scopy. 

I n  the  p re sen t  inves t igat ion,  the  con ten t s  o f  neuro-  
p lasmic  organelles (mi tochondr ia ,  axoplasmic  ret iculum, 
neurotubules ,  and  neurof i laments)  in comparab le  caliber 
classes of ra t  ven t r a l  and  dorsal  root  f ibres have  been  
d e t e r m i n e d  by  m o r p h o m e t r i c  m e t h o d s  5. The s ta t i s t ica l  
s ignif icance of t he  resul ts  has  been examined  by  a / - t e s t .  
The d e m a n d  for the  use of nerve  fibers of comparab le  
d iamete r s  is based  on the  fac t  tha t ,  according  to previous  
invest igat ions6,  7, t he  re la t ive  n u m b e r  of axon  organelles 
is d e p e n d e n t  on f iber  size. 

In  accordance  wi th  these  previous  resul ts  ~, the  a m o u n t  
of axonal organelles was found related/o the axon diameter 
as follows (see Table  and  Figure  1) : The pe rcen tua l  a m o u n t  
of mi tochondr i a  and axoplasmic  re t icu lum of t he  cross- 
sect ional  area of an axon is h igher  in smal l  d i ame te r  nerve  
fibres. Likewise, the  n u m b e r  of neuro tubules  re la ted  to  
cross-sect ional  area is h igher  in the  smal l  nerve  fibres of 
b o t h  roots.  However ,  t he  dens i ty  of the  neurof i l aments  in 
areas devoid  of o ther  organelles is r a the r  cons tan t .  

In  add i t ion  we found  regular  di//erences be/ween ventral 
and dorsal root/ibres of the  same caliber  class: 

There  are s ignif icant ly  h igher  a m o u n t s  of nenro tubu les  
and  of axoplasmic  re t icu lum in t he  ven t ra l  root  f ibres t h a n  
in the  dorsal  root  f ibres of comparab le  size (Figures lc  and 
lb).  

Less cons i s t en t  resul ts  were found  wi th  respec t  to  
axoplasmic  mi tochondr ia .  As shown in Figure  la,  t he  
a m o u n t  of mi tochondr i a  in smal l  ven t ra l  root  f ibres is 
h igher  t h a n  in small  dorsal  root  fibres, b u t  the  reverse 
s i tua t ion  is seen in the  large fibres. The cross-sect ional  

Morphometry of ventral and dorsal root fibres of the rat 

Sma11 Large 
Very smaI1 
Dorsal Ventral Dorsal Ventral DorsaI 
root fibres root fibres root fibres root fibres root fibres 

(A-F) sign. (A-0t) sign. 

~r 30 30 30 30 30 

Cross sectional area of axon in p.m ~ (ACS) 
Mitochondria (% ol total ACS) 
Axoplasmic retieulum (% of total ACS) 
Neurotubules (number/~m a of ACS) 
Neurofilaments (number/~zm ~ of ACS) 

3.55 :~ 0.27 10.05 -L 0.77 ns 10.98 ~_ 0.69 51.49 ~ 2.03 + + 41.85 :~ 2.12 
2.24 ! 0.39 1.68 i 0.21 + 1.01 :~ 0.16 0.51 =t: 0.04 + 0.70 =L 0.06 
1.99 =L 0.35 2.39 • 0.20 + 1.71 =c 0.18 1.27 =]- 0.05 -r + + 0.89 ~- 0.06 

16.24 i 1.12 17.04 i 0.86 + 14.13 =t= 0.70 10.50 :~ 0.27 +-k + 7.64 :~ 0.29 
149 q- 4.4 143 ~: 3.2 + + 161 ~ 4.2 141 :k 2.6 + + 155 ::k 2.8 

The values give the mean and the standard deviation of the mean. The values of comparable caliber classes of ventral and dorsal root fibres 
were statistically examined by the Student t-test, sign., significance; ns, not significant; +,  p < 0.05; + +,  p < 0.01; + + +,  p < 0.001. 
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a r ea s  of t h e  la rge  f ib res  of v e n t r a l  a n d  dor sa l  roo ts ,  h o w -  
ever ,  do n o t  c o r r e s p o n d  e x a c t l y ;  t h e  m e a n  d i a m e t e r  in t h e  
v e n t r a l  r o o t s  is a b o u t  20% h i g h e r  t h a n  irt t h e  do r sa l  roo ts .  
T h u s ,  t h e  a b o v e - m e n t i o n e d  in f luence  of t h e  f ibre  ca l iber  
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Amount of axonal organdies ill ventral and dorsal root fibres of the 
rat. Ordinates in a) and b) indicate the percentage of the axon cross- 
sectional area (% ACS), in c) and d) the number per square micron 
(n/~xm ~) of axon cross section (ACS). Black bars, ventral root fibres; 
dotted bars, dorsal root fibres. The bars give tile mean and the stan- 
dard deviation of the mean for n = 30 (i.e. 3 animals, 10 fibers per 
animal). Abscissa: position of the bars according to the mean cross- 
sectional area of the small and large axons. 

on  t h e  d i s t r i b u t i o n  of o rgane l Ies  h a s  to  be  cons ide red  a n d  
could  in fac t  be  t h e  p r e v a i l i n g  c o m p o n e n t  here.  So it  
r e m a i n s  u n c e r t a i n  w h e t h e r  t h e r e  a re  rea l  d i f fe rences  in t h e  
m i t o c h o n d r i a  c o n t e n t  of v e n t r a l  a n d  do r sa l  r o o t  f ib res  of 
equa l  size or  no t .  

T h e  d e n s i t y  of t h e  n e u r o f i l a m e n t s  ( n u m b e r  p e r  v m  ~) in 
r eg ions  free of  o t h e r  o r g a n d i e s  is s o m e w h a t  lower  in the, 
v e n t r a l  r o o t  f ibres ,  t h o u g h  t h e  va lue s  are  in t h e  s a m e  
o rde r  of m a g n i t u d e  i r r e s p e c t i v e  of f ibre  size (F igure  ld) .  
T h e  sma l l  d i f fe rences  h a v e  to  be  i n t e r p r e t e d  w i t h  s o m e  
r e s e r v a t i o n ,  as  t h e y  could  r e s u l t  f r o m  dif f icul t ies  ill 
f i nd ing  a r ea s  devo id  of n e u r o t u b u l e s  for  f i l a m e n t  c o u n t s ;  
t h e  h i g h e r  n u m b e r  of  n e u r o t u b u l e s  in t h e  v e n t r a l  r o o t  
f ib res  w o u l d  ill t h i s  case r e su l t  in  a lower  f i l a m e n t  c o u n t  
in t h e  a r ea s  e x a m i n e d .  

T h e  d a t a  p r e s e n t e d  give c lear  ev idence  t h a t  t h e r e  are  
s ign i f i can t  d i f fe rences  in  t h e  a m o u n t  of a x o p l a s m i c  
o rgane l l e s  b e t w e e n  m o t o r  a n d  s e n s o r y  n e r v e  f ibres  on  t h e  
level  of t h e  sp ina l  roo t s .  E s p e c i a l l y  t h e  d e n s i t y  of t h e  
n e u r o t u b u l e s  a n d  t h e  d e v e l o p m e n t  of t h e  a x o p l a s m i c  
r e t i c u l u m  h a v e  t u r n e d  o u t  to  be  re l iab le  c r i t e r i a  for  t h e  
d i s c r i m i n a t i o n  of v e n t r a l  a n d  dor sa l  r o o t  f ib res  of t h e  
s a m e  size. F u r t h e r  i n v e s t i g a t i o n s  in t h i s  d e p a r t m e n t  wil l  
be  c o n c e r n e d  w i t h  tile q u e s t i o n  w h e t h e r  t he se  q u a n t i t a t i v e  
d i f fe rences  of a x o n a l  o rgane l l e s  a re  also p r e s e n t  in m o t o r  
a n d  s e n s o r y  f ib res  d i s t a l  f r o m  t h e  sp ina l  gang l i a  a n d  in 
m o r e  d i s t a n t  p a r t s  of t h e  p e r i p h e r a l  n e r v o u s  s y s t e m .  

Zusammen/assung. M o t o r i s c h e  u n d  sens ib le  N e r v e n -  
f a s e r n  l a ssen  s ich i m  Bere i ch  der  R i i c k e n m a r k s w u r z e l n  
(Ra t t e ,  Ls) a u f g r u n d  der  M e n g e n v e r t e i l u n g  der  A x o n o r g a -  
ne l len  u n t e r s c h e i d e n .  Bei  v e r g l e i c h b a r e m  F a s e r k a l i b e r  
h a b e n  V o r d e r w u r z e l f a s e r n  s i g n i f i k a n t  m e h r  N e u r o t u b u l i  
u n d  a x o p l a s m a t i s c h e s  R e t i k u l u m  als  H i n t e r w u r z e l f a s e r n .  
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The ventral and dorsal roots of the 5th lumbar segment of 3 albino 
rats (Sprague-Dawley/300-350 g) were used. Fixation by perfusion 
with phosphate-buffered glntaraldehyde under nembutal anaesthe- 
sia; preparation of the roots and postfixatioI1 ill OsO~; embedding 
in epon; double staining of the ultrathin sections with uranyl ace- 
tate and lead citrate; Zeiss EM 9S electron microscope. Micro- 
graphs of complete nerve fibre cross sections were made at stan- 
dard magnifications of • 5,000; for morphometric measurements 
prints at • 15,000 were used. Samples of 10 nerve fibre cross sections 
from both the A-c~ and the A- T peaks of all 3 ventral roots and from 
comparable diameter classes of the 3 dorsal roots, as well as from a 
class of very small myelinated fibres of the dorsal roots, were used 
for evaluation. The following parameters have been determined and 
subjected to statistical analysis: 1. area of axon cross sections in 
~m 2 (plallimetry of the micrographs), 2. percent amount of mito- 
chondria on axonal cross sections (morphometry by differential 
point counting). 3. percent amount of axoplasmic reticulum (dif- 
ferential point counting). 4. total counts of ileurotubules per axon 
cross section and calculation of the densities (number per ~xm"), and 
5. counts of neurofilaments on the prints in 3 areas of 1 cm" per 
axon cross section and calculation of the neurofilament densities 
(number per ~m ~ of axon cross sectioi1 devoid of other organelles). 
R. L. FRI~DE and T. S*~ORAJSKY, Anat. Rec. 767, 379 (1970). 
R. MAYR, 66. Vers. Anat. Ges., Zagreb 1971, Anat. Anz., ill press. 


