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Summary. In the mouse cerebral cortex the course and distribution of apical dendrites 
of layer V pyramids are investigated. Striking differences are found between the area parietalis 
and the neighbouring regio temporalis I and II, i.e. the barrel field region of Woolsey and 
van der Loos (1970). Whereas in area parietalis dendrites and dendritic bundles run straight 
through layer IV, in the barrel field their course is deflected by the barrels. I t  is shown that 
the dendrites bend beneath the bottom of the barrels so as to enter the spaces between the 
sides. These findings in the mouse are at variance with the results obtained by Feldman and 
Peters (1974) in the rat. 
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Introduction 

I n  m a n y  areas of the cerebral cortex of rat,  mouse, r abb i t  and  other species, 
apical dendri tes  of layer V pyramids  approach each other so as to form vertical  
bundles  in  layer IV. There are regional differences in  the compositon of these 
bundles  and  they  can be regarded as an  architectonic characteristic for certain 
regions of the  cortex (cf. Fleischhauer and  Detzer, 1974). I n  some species another  
characteristical architectonic pa t t e rn  has been found in  the form of the so-called 
barrel  field which in  rodents  is restricted to t ha t  region of the somatosensory 
cortex in  which the vibrissae are represented (cf. Woolsey, Welker and Schwartz, 
1975). 

Recently,  Fe ldman  and  Peters (1974) have studied the course and  d is t r ibu t ion  
of dendri t ic  bundles  in  the barrel field of the rat.  The authors  came to the 
conclusion t ha t  in  the ra t  there is no topographical  relat ionship between barrels 
and  dendri t ic  bundles.  Wi th  respect to some impor tan t  points  our own findings 
in the mouse differ from the results obta ined  by  Fe ldman  and  Peters (1974). 
Therefore, the f indings obta ined in the barrel field and in  the neighbour ing area 
parietalis  of the mouse will be presented in  detail.  

Material and Methods 

Male and female white mice of the strain NM/Han were subjected to thoraeotomy in 
pentobarbitone sodium anaesthesia, and after access had been gained to the right ventricle 
were exsanguinated with Periston (Bayer) and subsequently perfusion fixed either with a 
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10% formalin solution or with Bouin's fluid. To avoid postmortem cellular changes the 
brains were not removed until 4 5 h after fixation (el. Cammermeyer, 1962; Peters, 1972). 

For animals earmarked for preparation of thick celloidin sections, formalin was used as 
the fixative. After dissection, the brains were postfixed for 12 hrs, dehydrated through an 
alcohol series and embedded in Ceducol (Merck, Darmstadt). The specimes were stained 
by joggling in an alcohol solution of toluidin blue at a temperature of 70 ~ C. 

The animals assigned for preparation of para/]in sections were fixed with Bouin's fluid. 
After dissection, the brains were postfixed in the same solution for 12 h, dehydrated and 
embedded in paraffin. In most brains, the region of the barrel field was sectioned either 
frontally or tangentially in the plane recommended by Woolsey and van der Loos (1970). 
Series of 8, 10, 15 and 20 y.m were cut. In two brains, frontal and tangential sections of 8, 
16 and 24 ~m in alteration were made, the sections being throught singly onto slides. 

The sections were stained with haematoxylin-eosin or with Luxol fast blue and counter- 
stained with PAS, the latter method being particularly well suited for studying dendritic 
bundles (Fleisehhauer, Petsche and Wittkowski, 1972) ; a further series was silver impregnated 
according to Bodian in a modification of Luna (1964). 

Semi-diagrammatic figures were produced as follows: From enlargements of the original 
photographs, all distinguishable dendrites were traced onto tracing paper. The resulting 
diagrams were photographed and reduced to the size of the originals. 

The terminology used is that of Rose (1929) and Woolsey and van der Loos (1970). 

Results 

Area Parietalis 

I n  8 ~zm th ick  Kl i iver-PAS s ta ined frontal  sections through the area p~rietalis 
of the  mouse, dendri t ic  bundles  can be identified. They course through the 
cortical layer IV in  a direct ion perpendicular  to the surface of the  pia. As shown 
in  Figures 1 a and  b the pa t t e rn  resembles tha t  observed in  other species by  Peters  
and  Walsh  (1972, rat), Fleischhauer,  Petsehe and  Wit tkowski  (1972, rabbi t )  
and  Fleischhauer  (1974, eat). F r o m  Figure l a is fur ther  discernible t ha t  most  
of the  dendri tes  arborize at  the border between layer IV and  I I I .  I n  layer  I I I  or I I  
the  branches may  converge to again form bundles.  I n  Figure 1 b it  is seen t h a t  
the distances between the  bundles  are fair ly regular. Each bundle  is formed by  
several apical dendri tes  or iginat ing from pyramida l  cells in  layer V and  is accom- 
panied by  dendri tes  of layer IV cells. The dendri tes arising from layer IV cells 
have ~ dis t inct ly  smaller d iameter  t h a n  the dendri tes  coming from layer V and  
arise from cells t ha t  in  m a n y  cases are s i tua ted  immedia te ly  nex t  to the bundle.  
The cells in quest ion are best  seen in  t angen t ia l  sections through layer IV such as 
visualized in  Figure i b. They  are surrounded by  the dendri tes of a bundle.  

Regio Temporalis 

I n  th ick  celloidin sections th rough layer  IV of the regio temporal is  I and  I I ,  
Woolsey and  v a n  der Loos (1970) detected the typical  cell aggregates called 
barrels. I n  Figure 2 the s t ructure  of the barrels is shown in  a 100 ~zm thick 
tangent ia l  section. However,  while such eelloidin sections are good for demonst ra t -  
ing barrels, t hey  are no t  suitable for visualizing dendri tes and  dendri t ic  bundles.  
Fleischhauer,  Petsche and  Wit tkowski  (1972) showed tha t  for this  purpose 
Kl i iver-PAS sta ined paraff in sections of only  8 }zm thickness are par t icular ly  
suitable. But  in histological sections of this  thickness barrels are no longer 
recognizable. 



Apical Dendrites in the Barrel Field of the Mouse 253 

Fig. 1 a and b. Frontal  (a) and tangential (b) 
sections through area parietalis of the mouse. 
In  (a) a bundle of apical dendrites is seen to 
run straight through layer IV and to branch 
beneath the border with layer III .  In (b) 
the cross sectioned bundles are seen to consist 
of cell processes with different diameters. 
12 ~xm paraffin section. Kliiver-PAS, • 250 
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Fig. 2. Tangential section through layer IV in regio temporalis I and II  of the mouse to show 
the honeycomb arrangement of the nerve cells forming the barrels. 100 i~m celloidin section, 

toluidin blue, • 250 

To inves t iga te  the  re la t ionsh ip  be tween barrels  and,  if present ,  dendr i t ic  
bundles,  i t  was therefore  necessary  to  c o m p a r e  paraf f in  sections of different  
th ickness  and  to f ind out  whe ther  there  is a th ickness  of sect ioning which permi t s  
s tudy ing  bar re ls  as wel l  as dendr i t es  in one section. 

W h e n  compar ing  th ick  cel loidin sect ions wi th  paraff in  sect ions of different  
th ickness  such as shown in F i g u r e s 3 a - e ,  the  following is no t ed :  The  outer  
boundar ies  of the  barrels ,  which in t h i ck  celloidin sect ions (Fig. 2) appea r  as a 
closely cont iguous  row of cells, are  less and  less well d iscernible  the  t h inne r  the  
sect ions become unt i l  in the  8 fzm sect ion the  p a t t e r n  can no longer be seen with  
a n y  degree of cer ta in ty .  On the  o ther  hand,  the  subdivis ions  of the  bar re l  walls 
in to  side and  space as descr ibed  by  Wool sey  and  van  der  Loos (1970) can only  
r a re ly  and  in  favonrab le  places be de tec ted  in t he  100 ~m sections,  whereas  in 
24 Ezra sect ions these  components  of a wall  are r ead i ly  dis t inguishable .  They  are 
most  eas i ly  discernible  in regions t h a t  were t e r m e d  space connect ions  b y  Woolsey  
and  van  der  Loos (1970). These s t ruc tures  can st i l l  be de tec ted  in sections of a 
th ickness  be tween 12 and  15 ~m, cut  in a p lane  which is a t  r igh t  angles to  the  
longi tud ina l  axis  of the  barrel .  I n  such Sections i t  is also possible  to  de tec t  the  
apica l  dendr i t e s  of layer  V pyramids .  F igures  4 a  and b show a 12 ~m th ick  
sect ion in which two barrels  are  t r ansve r sa l ly  cut. The dendr i t ic  bundles  and  
mos t  cross-sect ioned cell processes are found  to be r e s t r i c t ed  to  the  spaces. This  
is obvious if F igu re  4 a is i nves t iga ted  a t  h igher  magni f ica t ion  or if the  dendr i tes  
and  cell processes are t r a ced  as shown in F igure  4 b. The  few cross-sectioned cell 



Fig. 3a - - c .  Three consecutive tangent ial  sections wi th  decreasing thickness (a ~ 24Bm , 
b = 16 Bin, e = 8 Bin) th rough  the barrel  field of the mouse cortex. The barrels  are less 
and less well discernible the th inner  the section becomes. Paraff in  sections, Kli iver-PAS, X 240 
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Fig. 4. (a) Tangential section through the barrel field of the mouse. 12 ~m paraffin section, 
Kliiver-PAS, • 400. (b) Semi-diagrammatic tracing of all cell processes cross sectioned in 
(a). The cell processes are seen to be mainly restricted to the spaces between the barrels. 
The few cell processes in the interior of the barrels are smaller than those in the spaces 

processes in  the inter ior  of the barrel  have a d iameter  dis t inely smaller t h a n  tha t  
of those in  the spaces. 

I n  Figure 5a a 15 ~xm frontal  section th rough a barrel is seen in  the original 
photograph (left) and  in  a d iagrammat ic  t racing (right). The apical dendri tes of 
the large pyramida l  cells of layer V are seen in i t ia l ly  to r u n  s traight  towards 
layer IV. At  the border of this  layer they  become deflected from their  s traight  
course so as to c i rcumvent  the inter ior  of the barrel and  r un  into the space. 
Other dendri tes  appear  near  the bo t tom of the barrel  bu t  they  actual ly  bend 
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Fig. 5a and b. Frontal section through a barrel in the cerebral cortex of the mouse, The 
pyramidal cells of layer V and their apical dendrites in (a) have been traced and are shown 
in (b). The apical dendrites circumvent the interior of the barrel so as to enter the space. 

15 ~m paraffin section, Kliiver-Pas, • 400 

out  of the plane of the section, as can be inferred from the cross-sectioned 
dendri tes beneath  the barrel  floor. These f indings show tha t  the ma in  stems of 
the apical dendri tes originat ing from layer V pyramids  pass between the barrels 
and do not  reach the hollow which is made up ma in ly  of neuropil .  

Discussion 

The present  f indings show tha t  in the  cerebral cortex of the mouse the  
dendri t ic  bundles  do not  in all areas r un  straight  through layer IV. While the 
s i tua t ion in the area parietalis  corresponds to tha t  found in other species, it is 
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different  in the  region of the  bar re l  f ield of Woolsey  and  van  der  Loos (1970). 
Here  the  dendr i t es  which in i t i a l ly  run  s t r a igh t  towards  layer  I V  d e p a r t  f rom 
the i r  or iginal  course and  bend  so as to  en ter  the  space be tween  the  barre ls  in 
l aye r  IV. These resul ts  do no t  agree wi th  recent  f indings of F e l d m a n  and  Pe te rs  
(1974) in the  ra t ,  according to  which no spa t i a l  re la t ionsh ip  exists  be tween 
barrels  and  dendr i t ic  bundles.  To exp la in  th is  d iscrepancy,  two possibi l i t ies  are 
b rough t  forward.  : 

(a) The different  f indings  are  due to  species-specific differences. I t  is known 
t h a t  the  s t ruc tu ra l  fea tures  of the  barre ls  v a r y  in di f ferent  species (cf. Woolsey,  
We lke r  and  Schwar tz ,  1975); therefore,  since the  p resen t  inves t iga t ion  shows 
the  course of t he  dendr i t es  to  be dependen t  on the  s t ruc ture  of the  barrels ,  
species differences in the  course of the  dendr i t es  would also be plausible.  

(b) The con t rad ic t ions  are due to  differences in  the  me thod  of inves t iga t ion .  
Whi l e  in  t he  p resen t  s t u d y  bo th  barre ls  and  dendr i tes  were s tud ied  in the  same 
his tological  section, F e l d m a n  and  Peters  (1974) in i t i a l ly  examined  th i ck  celloidin 
sect ions which were then  sub jec ted  to  renewed f ixa t ion  and  e m b e d m e n t  before 
cu t t ing  semi th in  sections for examina t i on  of the  dendr i tes .  The  au thors  do no t  
men t ion  a n y  a d j u s t m e n t s  hav ing  been made  to  counterac t  possible  a l t e ra t ions  
in form, and  there  is no pho tog raph ic  evidence to  show t h a t  the  a l ignment  
has  no t  been a l te red  dur ing  th is  procedure .  

I n  order  to  decide which of the  two exp lana t ions  is val id,  a renewed examina-  
t i on  of the  p rob lem in the  r a t  and  fu r the r  s tudies  in add i t iona l  species are  
required .  
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