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Introduction 
One of the basic problems in regeneration is the question of the sources of 

the cells used for building up the regeneration blastema and their activities 
during histogenesis. This problem,-or at  least the first par t  of it, is most easily 
at tacked in the lower invertebrates. The material  for regeneration is in many  
cases supplied by  free, tot ipotent  cells found in stock in the intact  animals. This 
is for instance the case in coelenterates [interstitial cells (TARDWNT 1954)], in 
annelids [neoblasts (ST]irHAN-DvBoIS 1954)] and in planarians [neoblasts (DcnoIs  
1949)]. In  vertebrates the problem of the origin of the cells for regeneration is 
more obscure, but  it  is on the way to be clarified (CHALXLE:Z 1959) in the impor tant  
case of limb regeneration in amphibians. 

The great significance of a free, tot ipotent  parenchyma cell for blastema 
formation in planarians is now generally accepted (DuBoIs 1949, BRONDSTED 
1955, LINDH 1957, P]~DERSEN 1958). This cell, which has been variously named 
(" Bildungszellen ", "S tof f t rager" ,  " 'Ersatzzellen", " format ive  cells", "Regene- 
rationszellen", "cel lules  l ibres",  "Stammzel len")  is now most  often called the 
"neoblas t" .  The literature dealing with this cell is reviewed in BRONN (1917), 
PR]~NA~T (1922), DUBOIS (1949) and BI~0NDSTED (1955). In  most  cases it  is not  
difficult to identify the neoblast. The cell has a characteristic morphology (see 
below) and the scanty cytoplasm is strongly basophilie. However, cases are en- 
countered where it  is not possible to decide whether a given cell is a neoblast. 
Two cell types may  under certain circumstances give rise to confusion, namely 
some nerve cells and some fixed parenchyma cells (see e.g. MURRAY 1931). So 
far, a way out of this di lemma has not  been found. 

To-day, the analysis of the fundamental  biological phenomena has been 
extended to the molecular level through the rapid advances in analytical cytology, 
and also investigations on regeneration may  greatly profit  from the application 
of modern optical and histochemical methods. Th e presen t paper is concerned 
with a closer s tudy of the planarian neoblast using suchmethods :  Only the 
" res t ing"  neoblast not engaged in regeneratio n has been dealt with, so only a 
static picture of this important  cell has been obtained. The dynamics of the 
neoblast as revealed through the histogenetic processes in the blastema will be 
considered in subsequent studies. 

Material and methods 
Cloned individuals from the unpigmented trielad flatworm Planaria vitta were employed. 

The animals were unstarved or starved for a few days. 
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They were fixed as described in a previous paper (PEDERSEN 1959), and in addition the 
following two fixatives were used: Acetone and absolute ethanol 1:1 for 18 hours at 20 and 
neutral formalin-calcium chloride for 18 hours at 20 (HOLT 1958). 

The planarians were appropriately washed, dehydrated, cleared in methyl benzoate and 
xylene or in benzene only and embedded in paraffin for 20 min to half an hour. The animals 
fixed for enzyme methods were quickly dehydrated and embedded for 15 rain, the tempera- 
ture never exceeding 580 . 

The animals were most often cut sagittally at 7 ~, in a few cases frontally or transversely. 
When very thin sections were required (1 ~) planarians embedded in a hard paraffin were 
cut on a Sj6strand ultramicrotome with the block previously cooled. In other cases metha- 
crylate-embedded animals were cut on a serial microtome using an ordinary steel-knife. I t  
was nearly impossible to make fresh-frozen sections on planarians because of the small size 
and fragility of these animals. In  some cases frozen sections were made on neutral formalin- 
calcium chloride fixed animals embedded in acacia gum-sucrose (HOLT 1958). 

I t  was often found convenient to use squash preparations for the enzyme methods. How- 
ever the squashing had to be done very gently. 

IIistologieal staining methods. The methods used have previously been described 
(PEDERSEN 1959). 

Cytological methods. 1. Method ]or demonstration o] mitochondria. CAIN'S method was 
used (CAI~ 1948). This is a modification of ALTMANN'S acid fuchsin method. 

2. Method/or the Golgi apparatus. ELFTMAN'S direct silver method was employed followed 
by goldtoning and light staining with hematoxylin (ELFTMAN 1952). 

Histoehemieal methods. The methods for proteins and amino acids, nucleic acids and 
polysaccharides have previously been reported (PEDERSEN 1959). Moreover, some additional 
methods were employed in the present study. 1Naphthol yellow S (DEITCH 1955) and chromo- 
trope 2R  (WACNER and S~APIRO 1957) were used to demonstrate basic proteins. Protein- 
bound amino groups were demonstrated by the method of WEISS et al. (1954). In  addition 
to alcian blue, MOWRY'S improved method for demonstrating acid mucopolysaccharides was 
used. The method is a rather specific colloidal iron procedure (Mower 1958). The method 
for arginine adopted here was that  of McLEISH et al. (1957). 

Methods tor enzymes. 1. Alkaline phosphatase. Both the cobalt-method (LILLIE 1954) 
and the azo dye method (P~ARSE 1953) were used. 

2. Acid phosphatase. The azo dye method described by PEAr~s~ (1953) was used. 
3. Unspeci/ic esterase. The ~-naphthyl acetate and naphthol AS acetate methods were 

employed (PEARSE 1953). 
4. Succinic dehydrogenase: KAUFMAN and HILL'S method (1959) was adhered to, using 

the agar substrate mixture method. 
5. Cytochrome oxidase. The G-nadi reaction described by GO~ORI (1952) was used. 
6. Peroxidase. A benzidine method was employed (GoMoRI 1952). 

Methods for electron microscopy. The methods have previously been described (PEDERSEN 
1959). Staining with uranyl acetate was tried in addition (WATSON 1958). 

Results 

I.  Observations on living cells 

T h e  neob la s t s  were  o b t a i n e d  b y  carefu l  s q u a s h i n g  of f r a g m e n t s  of p l ana r i ans  
o r  i so l a t ed  b l a s t e m a s  b e t w e e n  a covers l ip  a n d  an  o b j e c t  sl ide.  T h e  s q u a s h i n g  
was  p e r f o r m e d  in  a d r o p  of MURRAY'S sa l t  so lu t ion  for  p l a n a r i a n s  (MURRAY 1931). 
A f t e r  squash ing ,  t he  covers l ip  was  sea led  b y  pa ra f f in .  I n  these  p r e p a r a t i o n s  t h e  

l i v i n g  cells cou ld  be  s t u d i e d  for  severa l  hours .  No  e f fo r t  was  m a d e  in  th i s  s t u d y  
to  c u l t i v a t e  t h e  neob las t s .  

T h e  cells were  e x a m i n e d  b y  p h a s e - c o n t r a s t  m i c r o s c o p y  (Z•Iss). The  neob la s t s  
were  bes t  s t u d i e d  in  b l a s t e m a s  a b o u t  6 d a y s  old. The  m o s t  usefu l  r eg ion  to  

e m p l o y  in  t h e  i n t a c t  a n i m a l  is a f r a g m e n t  b e t w e e n  the  h e a d  a n d  t h e  p h a r y n x .  
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The neoblasts are very easily isolated from the tissues, being rolled out by 
the squashing process. They are always separated from each other and never 
connected by other cells. The neoblasts are rather small cells (about 11--12 
in diameter) because of the scanty cytoplasm. However, the nucleus is rather 
large, about 9--10 ~ in diameter and is most often round or slightly oval (Fig. 1). 
The chromatin is very conspicuous. I t  is evenly distributed as fine granules of 
approximately uniform size. The nucleoli are often difficult to identify, because 

F i g .  1. : L i v i n g  n e o b l a s t s  f l ' om a n  e a r l y  b l a s t e m a .  N o t i c e  t h e  g r a n u l a r i t y  ( m i t o c h o n d r i a )  i n  t h e  n e o b l a s t  
a t  t h e  u p p e r  lef t .  1575 • 

of the abundant chromatin. One big or two or more smaller nucleoli are usually 
present. As mentioned, the cytoplasm is very scanty in the neoblasts and it 
is sometimes only present as a narrow border around the nucleus. When the 
cell contains more cytoplasm it is usually exeentrieally disSributed with a narrow 
border on one side of the nucleus and a more abundant portion just opposite. 
Neoblasts are also found containing the cytoplasm uniformly distributed round 
the nucleus. The cytoplasm is granular, but the granules are rather small. Most 
of these granules, which are rod-shaped or spherical, are undoubtedly mito- 
ehondria or represent clusters of small mitochondria. In a few cases one or two 
small fat-droplets are present. Cell processes were never observed. This is in 
accordance with MVRi~AY (1931), who was able to observe processes only after 
24--26 hours in culture. MVR~AY does not distinguish between the neoblasts 
and fixed parenchyma cells. She is of the opinion that  there is no essential 
difference between these cells. 



802 KNUD JORGEN PEDERSEN: 

On squashing the parenchyma cells become spherical and isolated, thereby 
closely simulating the neoblasts, and it has not been possible with certainty 
to differentiate between neoblasts and parenchyma cells in the cultures observed 
in the present work. I t  should be stressed that this is the case only with living 
unstained cells. In fixed preparations a differentiation between neoblasts and 
parenchyma cells is generally easy enough after appropriate staining. 

II.  Morphology o[ /ixed and stained neoblast~ 

I t  is notably difficult to fix the planarian parenchyma properly, and the same 
fact applies to the neoblasts. The best results have been obtained by using os- 

mium tetroxide, Helly or Zenker 
fixation. The last two fixatives 
have been most extensively used 
routinely. The neoblasts are rather 
distorted by formalin or Carnoy 
fixation. 

The neoblasts occur free in the 
parenchyma, and as a rule their 
boundaries are easy to delimit, 
even in unstained sections using 
phase-contrast. 

In routine stained sections the 
neoblasts show up well because 
of a strong staining of the cyto- 
plasm by the basic (cationic) com- 
ponent in the stain. An excellent 
way to demonstrate the neoblasts 
is staining with toluidine blue after 
Zenker or Helly fixation. Gallo- 

Fig. 2. A group of neoblasts. Azur R-eosin B staining. 
a965 • cyanin is also well suited for the 

purpose, especially for the study 
of the nucleus. By far the best method, however, for a practically selective 
staining of the neoblasts is LILLIE'S azur A-eosin B method (LILLIE 1954). This 
stain is buffered and by changing the PH in the solution, the balance between the 
red and the blue component in the stained sections can be varied at will. 

Zenker was preferred as fixative for this staining, and after some experimen- 
tation it was found that at PH 5.0 in the staining solution (corresponding to p• 4.5 
of the buffer) the cytoplasm of the neoblasts was stained strongly blue as were 
also the nucleoli. The nuclei were, however, only slightly reddish-blue, and the 
blue colour was only exhibited by a few parenchymatous vacuoles and by the 
cytoplasm of some interesting gland cells containing round eosinophilic granules. 
These glands are the type 3 basophiles previously described (PEDERSE~ 1959). 
All other histological structures were red except the nuclei, which were reddish 
blue to red. 

It was concluded that at the p~ employed the method is rather selective for 
the neoblasts. The staining method is very useful for counting neoblasts. 
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The degree of cytoplasmic basophilia in the neoblasts is somewhat variable. 
Sometimes it  may  be nearly absent in morphologically well-defined neoblasts. 
The significance of this fact is still obscure, but  may  perhaps be better  understood 
by  following the neoblasts during different functional states and during differen- 
tiation. 

As to the morphology of the neoblasts it has been previously mentioned tha t  
they are rather  small cells, with a relatively large nucleus. However, this is 
variable in size. In fixed and stained neoblasts the shape of the nucleus is round 
or ovoid (Fig. 2). Otherwise, the picture conforms well with tha t  of living nee: 
blasts as seen in phase contrast. 

Fig .  3. A typ ica l  neoblnst .  Not ice  the  three  nucleoli .  Azur  A s ta in ing .  1965 • 

The scanty cytoplasm is strongly basophilic and distinctly granular. The 
shape of the cell is variable. Often it  is round, the cytoplasm being equally distri- 
buted around the nucleus, forming a narrow border (Fig. 4). The most  commonly 
encountered shape is tha t  of a drop, a small dense border of cytoplasm around 
one end of the nucleus and a tapering process at  the opposite pole (Fig. 2 and 3). 
Sometimes another picture is seen: a small cytoplasmic border a t  one pole and 
a broad flattened mass of cytoplasm at  the other pole, exhibiting a distinct 
vacuolisation. 

ELFTMAN'S direct silver method for the Golgi apparatus was employed, botli 
on intact  planarians and, to get a high concentration of neoblasts, on early blaste- 
mas. Because of the scanty cytoplasm in these cells i t  is difficult to visualize 
the cytoplasmic organelles. I t  was not possible consistently to demonstrate  any  
Golgi material.  

CAIn'S method for mitochondria was used both on ordinary 7~ sections, on 
thin sections of about 1 ~ and on squash preparations. In  general, mitochondrial 
techniques are very unsatisfactory on planarian tissues. The acid fuchsin stains 
many  inclusions in the parenchyma besides the parenchyma itself. Also the 
many  eosinophilie gland cells are strongly stained. The differentiating agent  
cannot remove this staining without also abolishing the mitochondrial staining. 
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However ,  i t  was in fact  possible to  demons t r a t e  the  mi tochondr ia  of the  neo- 
blas ts .  T h e y  are un i fo rmly  d i s t r i bu t ed  in the  cy top lasm and  consist  of numerous  
ve ry  smal l  round  or rod- shaped  elements .  The rods are ra the r  t h i ck  and  the 
round  mi tochondr i a  p redomina te .  I t  is possible t h a t  a t  t imes  t hey  represen t  
clusters  of st i l l  smal ler  mi tochondr ia .  However ,  the  mi tochondr ia  are best. s tudied 
on the  e lect ron micrographs .  

I I I .  Distribution, o/ the neoblasts 

The d i s t r ibu t ion  of the  neoblas ts  was s tud ied  in serial  sections of i n t ac t  
p lanar ians .  Bo th  f ronta l ,  sag i t t a l  and  t ransverse  sections were examined.  The 
neoblas ts  exh ib i t ed  a charac te r i s t ic  d i s t r ibu t ion .  They  were most  a b u n d a n t  
ven t ra l ly ,  especia l ly  crowding abou t  the  nerve-cords.  They  are of ten found clump- 
ing together .  They  are sparse bo th  cephal ica l ly  and  caudal ly .  A p p a r e n t l y  t hey  
are  concen t ra t ed  in f ront  of and  behind  the  p h a r y n x  on the ven t ra l  side. There  
are also m a n y  s i tua t ed  ven t r a l l y  and  l a t e ra l  to the  pha rynx .  

A p a r t  from the  si tes men t ioned  the  neoblas ts  are widely  d i s t r ibu ted  through-  
out  the  pa renchyma ,  b u t  much  more sparsely.  

The exac t  d i s t r ibu t ion  of the  neoblas ts  in  the  species used in this  paper  and  
several  o ther  p l ana r i an  species has  been s tud ied  by  BRONDSTED (in prepara t ion) .  

I V .  Histochemical observations 
Table 1. Reactions ]or nucleic acids 

Method F ixa t ion  Nucleus Nucleolus Cytoplasm 

i 
Methylgreen pyronin [ ae-alc 

f 
c 

+ RNA-se c 

Feulgen 

+ +  
+ +  
+ +  

+ +  

+ + t o + + +  +-t  + 
+ +  + + +  

+ + +  + + +  

0 0 

Abbreviations. ac-ale: acetic-alcohol; f: buffered formalin; c : Carnoy. 0 : negative; • : 
doubtful; + : faint; -~- + : moderate; + + + : intense. 

Fig. 4. Methylgreen-I)yrouin s ta ining of neoblasts.  The g ranu la r  cy toplasm contains grea t  ~mlounts 
of RNA.  1965• 

1. Methods /or nucleic acids. The resul ts  have  been t a b u l a t e d  in  Table  1. 
D N A  is p resen t  only  in  the  nucleus,  as i nd i ca t ed  b y  the  Feulgen  react ion.  R N A  
is p resen t  in g rea t  amoun t s  in the  cy top lasm and  the nucleoli ,  as wi tnessed by  
the  s t rong basophi l ia  of these sites and  b y  i ts  subsequent  removal  af ter  t r e a t m e n t  
wi th  r ibonuclease  (Fig. 4). 
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2. Methods /or proteins. The results have been arranged in Table 2. The 
tests were unanimous in demonstrating moderate amounts of proteins. MILLO•'S 
reaction for tyrosine was only faint and the intensity equally distributed through- 
out nucleus, nucleolus and cytoplasm. No tryptophan could be demonstrated. 
The Sakaguchi reaction for the strongly basic arginine showed a moderate inten- 
sity. The 2-hydroxy-3-naphthaldehyde reaction specific for protein-bound amino 
groups exhibited only a rather faint reaction in the cytoplasm, while the nucleolus 
often exhibited a stronger reaction. The DDD-method revealed a moderate to 

Table 2. Reactions ]or proteins 

Method  F i x a t i o n  

Millon f 

GLE~ER'S for tryptophan f 
Naphthol yellow S z 

b 
h 
f 

Dihydroxy-din aphthyl-disulfide f 
z 

t e a  

Chromotrope 2 R f 
z 

Sakaguchi I zf 

2-hydroxy-3 -naphtaldehyde z 
aeet-ale 

I Nuc leus  

0 
+ §  
+ - -  

+ 

§ 

0 
0 

Nuc leo lus  C y t o p l a s m  

+ § 

0 0 

+ + t o + + +  + . . t o + . . +  
+ §  + . .  
. . +  + +  

+ +  

+ t o . . +  . . t o + . .  
+ +  . . + t o . . + +  
+ +  . . §  

+ + §  + . . +  
+ . . §  + . . t o + + +  

. . +  
+ +  

. . t o  + . .  
+ to + +  

~= t o - -  
_+ t o +  

Abbreviations. f: buffered formalin; z : Zenker; h: Helly; tea: trichloroaeetic acid-alcohol 
aeet-alc: acetone-alcohol. 

Fig .  5. C h r o m o t r o p e  2 R  s t a i n i n g  of the  c y t o p l a s m  d e m o n s t r a t i n g  bas i c  pro te ins .  1965 x 

strong reaction, pointing to the presence of- -Si t -groups .  The reaction was not 
much modified by reduction. Though not strictly histochemical, two staining 
methods for basic proteins were employed, the principle being staining at a low 
Pn with acid (anionic) dyes. The chromotrope 2 R staining after Zenker fixation 
was excellent for demonstrating neoblasts (Fig. 5). Both this method and the 

Z. Zellforscb., Bd. 50 5 4  
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naph tho l  yel low S me thod  po in t ed  to a modera t e  or s t rong  content  of basic  p ro te ins  
in the  cy top la sm and  nucleolus.  These me thods  do not  d i s t inguish  be tween the  
basic  amino  acids  con t r ibu t ing  to  the  ac idophi l ia  a t  a low Pn,  bu t  b y  compar ison  
with  the  amino  ac id  end-group reac t ions  ment ioned ,  i t  can be concluded t h a t  
bo th  arginine,  lysine and  free amino end-groups  cont r ibute ,  and perhaps  h is t id ine  
to(). Using  these qua l i t a t ive  methods ,  i t  is no t  possible to decide wha t  share of 
the  eosinophi l ia  should be ascr ibed to each of these amino  acids. The  d i f ferent  
sens i t iv i t ies  of the  methods  used are an i m p o r t a n t  fac tor  in eva lua t ing  the  pre- 
dominance  of one amino  acid over another .  Thus,  a fa in t  reac t ion  with a r a the r  
insensi t ive  me thod  m a y  in r ea l i t y  demons t r a t e  a h igher  concent ra t ion  of one 
amino  ac id  t han  a s t rong reac t ion  for ano ther  amino acid using a h ighly  sensi t ive 
method .  Only  a quan t i t a t i ve  approach  can be t ru s t ed  in th is  ma t t e r .  

3. Methods /or polysaecharides. Table  3 ind ica tes  the  reac t ions  used and  the 
resul ts  ob ta ined .  The quest ion as to the  presence of PAS-pos i t ive  ma te r i a l  in 
the  neoblas t s  was a ve ry  diff icul t  one to answer because of the  s t rong PAS-  
r e a c t i v i t y  of the  pa renchyma ,  in which these cells are embedded .  Osmium te t r -  
oxide f ixed,  m e t h a e r y l a t e  embedded  sect ions d e mons t r a t e d  a PAS-nega t ive  cyto- 
p lasm in tbe  neoblasts ,  in s t rong cont ras t  to the  in tensely  s ta ined  sur rounding  

Table 3. Reactions for polysaccharides 

Method Fixation 

Periodic acid-Schiff h 
z 
b 

os • methacrylate 

Alcian blue f 
z 

Alcian blue after perchloric acid extraction f 

Colloidal iron f 

I Nucleus 

0 
0 
0 
0 
• 
0 

0 

Nucleolus Cytoplasm 

0 0 t o  • 
0 0 t o  
0 0 to  • 
0 0 

0 0 
0 0 

0 0 

0 

Abbreviations. h : Helly; z : Zenker ; b : Bouin ; os @ m ethacrylate: buffered osmiumtetroxide 
and methacrylate embedding; f: buffered formalin. 

pa r cnchyma .  I n  He l ly  or Zenker  f ixed ma te r i a l  embedded  in paraff in  the  
p ic ture  was more uncer ta in ,  b u t  i t  was concluded t h a t  the  presence of PAS-  
posi t ive  ma te r i a l  in the  cy top lasm is unl ikely,  though i ts  complete  absence cannot  
en t i r e ly  be proven.  The presence of acid  mucopolysacchar ides  could no t  be 
demons t r a t ed ,  ne i ther  wi th  aleian blue nor  wi th  the  colloidal  i ron technic.  The 
sl ight  a lc ian blue s ta in ing of the  nuclei  a f te r  formalin f ixat ion was caused b y  
nucleic acid,  as wi tnessed b y  ti le d i sappearance  of t i le reac t ion  af ter  ex t r ac t ion  
wi th  perchlor ie  acid,  which comple te ly  removes  both  nucleic acids. 

4. Methods/or enzymes. The resul ts  have been a r ranged  in Table  4. The histo- 
technica l  diff icult ies connected  wi th  the  demons t r a t ion  of enzymes in p lanar ians  
were considerable ,  and  especia l ly  in "~ single cell l ike the  neoblast ,  which has  very  
l i t t le  cy toplasm.  W i t h  an o rd ina ry  f reezing-microtome,  fresh frozen sections 
could no t  be made  of the  species employed.  I t  was even diff icul t  to  make  frozen 
sect ions af ter  f ixa t ion .  A still  more serious p rob lem was encountered  in the  
widespread  l ip id  drople t s  in the  pa renchyma .  Most  of the  reac t ion  produc ts  in 



Cytological studies on the planarian neoblast 807 

Table 4. Reactions ]or enzyme~ 

Method 

Alkaline phosphatase 
(Go~oRi) 

Alkaline phosphatase 
(Na-a-naphthyl phosphate) 

Acid phosphatase 
(Na-~-naphthyl phosphate) 
Esterase (cr acetate) 

Esterase (naphthol AS acetate) 

I Fixation 

acet-alc 
Unfixed 

fca 
fca 

acet-ale 
Unfixed 

fca 
fca 

As for alkaline 
acet-ale 
Unfixed 

fca 
fea 

As for esterase 
Peroxidase Unfixed 

Suceinic dehydrogenase Unfixed 
G-nadi reaction Unfixed 

Embedding 

P 
Squash 

P 
F 

P 
Squash 

P 
F 

phosphatase 

P 
Squash 

P 
F 

Reaction 

0 
Diffuse and ~: 

0 
Diffuse and ~: 

0 
Diffuse and 

0 
Diffuse and 

(~-naphthyl acetate) 
Squash 0 

Squash 0 
Squash -- to + 

Abbreviations. acet-alc: acetone-alcohol; fca: formalin-calcium chloride; P: paraffin em- 
bedding; F: freezing sections. 

the enzymatic methods used are lipid-soluble, and thus considerable diffusion 
takes place and renders cytological localisation impossible. The succinic de- 
hydrogenase reaction was performed on squash preparations. No reaction could 
be detected in the cytoplasm of the neoblast, but a diffuse red reaction was 
observed in a cluster of neoblasts as seen in an early blastema. Evidently the 
concentration of this enzyme is too low to be detected in a single neoblast with 
this method. The G-nadi reaction, which above all demonstrates cytochrome 
oxidase (GoMoR~ 1952), often exhibited a weak reaction with the neoblast cyto- 
plasm. The peroxidase reaction was negative. 

As to the hydrolytic enzymes, the reactions were negative for both alkaline 
and acid phosphatase even after prolonged incubation, and also unspecific 
esterase was undetectable with the methods used. I t  is planned to pursue the 
enzymatic cytochemistry of neoblasts during differentiation in the blastema, 
using cryostate technics. 

The outcome of the enzymatic studies on the singly-occuring neoblasts in 
the intact non-regenerating animal is, therefore, that  only traces of oxidative 
enzymes can be demonstrated with the present available methods. 

V. Electron microscopical observations 

The structure of the planarian parenchyma is extremely complex and accord- 
ingly the fine structure as revealed by the electron microscope is very difficult 
to understand. However, the neoblast occurring free in the parenchyma is easy 
to identify when present in its typical form. The cell is well demarcated from 
the surrounding tissue, and it is further characterised by an appreciable cyto- 
plasmic electron density. Moreover the cytoplasm is scanty in most cases (Fig. 6,7). 

54* 
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The nucleus appears round or oval on the electron micrographs. Indentations 
in the nuclear membrane are often found. The karyoplasm is finely granular 
with coarser blocks of ehromatin scattered throughout,. These blocks do not 

F i g .  6. E l e c t r o n  mievogra ,ph  of  a g r o u p  of ~leol)lasts. 12000  x 

vary much in size. Fine chromatin granules are often apposed to the nuclear 
membrane as a fine border. The nucleolus is composed of fine granules of uniform 
size. No reticular structure can be discerned. The nucleus is bounded by two 
opaque electron dense layers separated by an interspace of uniform width (Fig. 8). 
Small pores in the nuclear membrane can sometimes be discerned, but they are 
not very evident. 
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Fig .  7. E lec t ron  m i c r o g r a p h  of a s ingle  neobla~t. Not ice  i ts  d e m a r c a t i o n  f r o m  the  s u r r o u n d i n g  t i ssue  
and  the  s t rong  e lect ron dens i ty  of the  s c a n t y  cy top lasm,  The  m i t o c h o n d r i a  are  few, sma l l  and  i r regu]ar .  

15 000 x 

The cell membrane of the neoblast presents something of a puzzle. As pointed 
out by ROBEnTSON (1959), electron microscopists have defined the cell membrane 
in various ways, and considerable doubt is often present as to the meaning of 
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the term. When examined with the ordinary magnification (about 20000) the 
cell membrane of most cell types appears as a well defined 60--75/~ thick electron 

Fig.  8. P a r t  of the  nucleus  and  cy top la sm of a neoblas t  bound ing  the  pa renchyma .  Not ice  the  double 
nuclear  m e m b r a n e ,  the  cell  m e m b r a n e  (see tex t )  and  the  electron dense cy top lasmic  granules .  50 000 •  

A b b r e v i a t i o n s :  N nucleus;  C M  cell m e m b r a n e ;  N M  nuclear  m e m b r a n e ;  p p a r e n c h y m a  

dense line. When high resolution is used and especially after potassium per- 
manganate fixation, the cell membrane of different cell types exhibits a double 
structure consisting of two 20 A thick lines separated by an interspace. How- 
ever, in the neoblasts investigated in this work, the cell membrane exhibits a 
double structure already at the rather low resolution employed. The two lines 
are about 60--75 A thick. They are very electron dense and are separated by 
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a less opaque interspace (Fig. 8). There is a very close similarity to the nuclear 
membrane. This very unusual feature of the cell membrane at the resolution 

Fig. 9. Pa r t s  of two neoblasts  are  seen. The  section has been s ta ined wi th  u r a n y l  ace ta te  
t he r eby  enhancing  the electron densi ty  of the  cy top lasmic  grannies.  15600 •  Abbrev ia t ions :  C M  

cell m e m b r a n e ;  N M  nuclear  m e m b r a n e ;  E R  endoplasmat ic  re t icu lum;  1 l ipid droplet  

employed poses the question as to its significance. This question is indeed fun- 
damental, as its answer is a key to some problems of the structure of the pla, narian 
parenchyma, namely: is the parcnehyma a real syneytium; is it only composed 
of cells, or is an intercellular matrix present ? These questions are not the subject 
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F i g .  10. The  ce l l  m e m b r a n e  of t i le  n e o b l a s t  i s  r u n n i n g  f r o m  the  u p p e r  l e f t  corner  to  t i le  lower  r igh t ,  
Ti le  e n d o p l a s m a t i c  r e t i c u l n m  is  we l l  seen. 30200  •  A b b r e v i a t i o n s :  m m i t o c h o n d r i o n ;  C M  cel l  

m e m b r a n e ;  N n u c l e u s ;  N ~ I  n u c l e a r  m e m b r a n e ;  E R  e n d o p l a s n m t i c  r e t i c u h n n  

of the  p resen t  work  and will  be t e n t a t i v e l y  answered in ~ following s tudy .  Here  
i t  mus t  suffice to say,  t h a t  e i ther  the  double  s t ruc ture  de l imi t ing  the neoblas t  
is the  real  cell membrane ,  and  this  would be a mos t  unusua l  feature,  or otherwise 
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only the inner membrane represents the cell membrane,  and then the outer 
membrane belongs to an intercellular matrix.  The la t ter  hypothesis is a t  present 

F i g .  11. P a r t s  of  t h r e e  n e o b l a s t s  a r e  seen .  A s m a l l  i r r e g u l a r  m i t o c h o n d r i o n  i s  s e e n  w i t h  d i s t i n c t  
d o u b l e  m e m b r a n e s ,  T h e  c y t o p l a s m i c  g r a n n i e s  a r e  w e l l  v i s u a l i z e d .  34 000  •  A b b r e v i a t i o n s  : N n u c l e u s  ; 

p p a r e n c h y m ~ ;  m m i t o e h o n d r i o n ;  C2r c e l l  m e m b r a n e  

thought to be nearer the t ruth,  and i t  is believed tha t  the intercellular mat r ix  
is present in the form of vacuoles bordered by a cell membrane, as i t  perhaps 
represents isolated parts  of cells. The reasons for this conclusion will be set 
forth in a following paper. 
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The cytoplasm is very electron (lense, and the contrast can be even more 
augmented by staining with uranyl acetate (Fig. 9). The density is caused by 
fine granules about 150 A in diameter, They are rather evenly distributed in 
the cytoplasm. Most of them occur free, but also many are membrane bound. 
These membranes of the endoplasmatic reticulum are present as double, closely 
apposed membranes 60--75 A thick. The interspace is of constant width, about 
180 A. In  this way very shallow compartments are formed. The endoplasmatic 
reticulum is characteristically distributed, mainly found concentrically around 
the nucleus parallel with the nuclear membrane and plasma membrane (Fig. 10). 
The membranes are continuous for long distances. Tbe outer part of the membrane 
is covered with small granules. The corresponding free granules filling the cyto- 
plasm occur so abundantly that  the endoplasmatic reticulum is often somewhat 
obscured. 

The mitochondria present are small and inconspicuous. On the sections they 
appear round, about 2000 A in diameter or as short thick rods, about 5000 J~ 
long and 2000 A wide. The round structures may of course represent cross sec- 
tions of the rod shaped mitochondria. In a few cases the mitochondria arc long 
and slender. They are bounded by a complete membrane exhibiting double 
contours. The inner cristae are irregularly oriented, most often in the longitudinal 
direction (Fig. ll) .  

I t  was not possible with certainty to identify any Golgi material in the sec- 
tions. Golgi material could not be detected until differentiating neoblasts were 
studied, and then was found only with difficulty. 

Discussion 
The picture of the neoblast obtained in the present study is that  of a free 

cell with a characteristic morphology and characteristic cytochemical properties. 
The cytoplasm of the neoblast was strongly basophilic. Basophilia at a low Pn 
is generally due to RNA, DNA or acid mucopolysaccharides, but only RNA 
could be demonstrated in the cytoplasm of the neoblast, tests for the two last 
mentioned substances being negative. Protein was present in moderate or high 
concentration, and this protein displayed a highly basic nature. The amino 
acids demonstrable were cysteine/cystin, tyrosine, arginine, lysine and perhaps 
histidine. For theoretical reasons set forth previously in this paper, it was not 
possible to decide which of these protein-bound amino acids predominated. 

The reactions of the protein point to a histone nature, and it is generally 
accepted that  nucleic acids are linked to basic proteins, protamines or histones 
through salt-linkages, so probably part of the protein in the cytoplasm of the 
neoblast is bound to RNA. Fixation probably involves a dissociation of this 
nucleoprotein, so that. the protein and nucleic acid moieties can be demonstrated 
separately. 

The nucleoli exhibited a similar cytochemical nature as the cytoplasm and 
the reactions were frequently stronger still. 

The high RNA content of the neoblast has previously been described (CLEIMENT- 
NOJ~L 1944, BRONDSTED 1955, LII~DH 1957, PEDERSEI~ 1958) ; LINDH has commen- 
ted on the possible occurrence of cytoplasmic DNA in the neoblasts in another 
planarian species, Euplanaria polychroa. No DNA could be detected in the 
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species studied here, as evidenced by the negative Feulgen reaction. I t  may  
be mentioned that  a high content of RNA has also been demonstrated in regene- 
ration cells {interstitial cells) in Hydra  and Tubularia (TARDENT 1952). 

No hydrolytic enzymes could be demonstrated in the neoblasts by eyto- 
chemical means. Neither could oxidative enzymes be detected, with the excep- 
tion perhaps of cytochrome oxidase. Of course oxidative enzymes must  be present, 
but  the concentration is probably too low for demonstration with the rather 
insensitive methods available for their study. The low concentration is consistent 
with the existence of the small and inconspicuous mitochondria to which the 
oxidative enzymes are bound. 

The most distinguishing feature of the fine structure of the neoblast is the 
strong cytoplasmic electron density. This density is the result of the widespread 
occurrence of small granu.les, par t ly  free and part ly  membrane-bound. I t  is 
assumed that  the strong cytoplasmic basophilia is caused by these granules. The 
granules are probably composed of ribonucleoprotein. This is the case with 
other cells (PALADE 1956, HAOlIE~AU 1958, SIEK~VlTZ 1959). 

The fundamental  problem as to the origin of the neoblast and its relation 
to the parenchyma cells is very difficult to solve. A discussion of this subject 
will be postponed to a following paper on the structure of the parenchyma. 

The picture of the neoblast depicted in this s tudy is tha t  of a primitive, rather  
undifferentiated cell both on the level of light microscopy, electron microscopy 
and cytochemistry. The present approach to its s tudy has not been able to reveal 
the basis for the generally accepted tot ipotency of the neoblast. I t  has only 
pointed to similarities with other morphogenetically active cells such as embryonic 
cells. Like these, the neoblasts contain great amounts of RNA and sulfhydryl- 
group containing proteins so vital for protein synthesis and perhaps also for 
inductive phenomena and differentiation during morphogenesis (BRACH]~T 1950, 
1957). 

Summary 
The paper  is a s tudy of the cytology of the regeneration cells (neoblasts) in 

Planaria vitta. 
The morphology of the living cells has first been examined to provide a re- 

ference for an investigation of the fixed neoblasts as studied by ordinary cytolo- 
gical, eytochemical and electron microscopical technics. 

A rather selective staining method has been devised based on the strong 
basophilic properties of the scanty cytoplasm. The morphology of the fixed 
neoblasts and their distribution in the intact  animal have been described, using 
this method. 

The marked cytoplasmic basophilia was found to be exclusively due to ribo- 
nucleic acid, and not to desoxyribonucleic acid or acid mucopolysaccharides. 

The cytoplasm contains moderate to considerable amounts of basic proteins. 
Tyrosine, cystcine/cystin, arginine, lysine and perhaps histidine were present, 
while t ryp tophau  could not be demonstrated.  

No enzymes could be demonstrated apar t  perhaps from cytochrome oxidase. 

The mitochondria are small and inconspicuous and more or less evenly distri- 
buted throughout the cytoplasm. A Golgi apparatus  could not be demonstrated.  
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T h e  e l ec t ron  mic roscop ic  p i c tu r e  is v e r y  cha rac te r i s t i c ,  because  of t h e  h igh  
e l ec t ron  d e n s i t y  of t h e  cy top l a sm.  Th i s  d e n s i t y  is t h e  r e su l t  of t he  p resence  of 
a g r e a t  n u m b e r  of r i b o n u c l e o p r o t e i n  granules .  Mos t  of t he  g ranu les  are  free and  

o n l y  a m i n o r  p a r t  b o u n d  to  t h e  m e m b r a n e s  of t he  e n d o p l a s m a t i c  r e t i c u l u m .  T h e  
i n t e r e s t i n g  f ea tu r e s  of t h e  cell  m e m b r a n e  are  d i scussed  in r e l a t ion  to  t he  s t r u c t u r e  

of t he  p a r e n c h y m a .  
T h e  c y t o c h e m i c a [  p i o p e r t i e s  of t he  n e o b l a s t  ( R N A  and  s u l f h y d r y l - g r o u p -  

c o n t a i n i n g  p ro te in )  a n d  the  f ine  s t r u c t u r e  as r e v e a l e d  in t he  e l ec t ron  mic ro scope  

cha rac t e r i z e  t h e  n e o b l a s t  as a m o r p h o g e n e t i c a l l y  a c t i v e  cell. 
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