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in den  t e l enzepha l en  S t r u k t u r e n  fiber die der  d i enzepha -  
len an. - E i n  wei te re r  U n t e r s c h i e d  zwischen den  S t a m m -  
gangl ien  b e s t e h t  dar in ,  dass  in  den  d i enzepha l en  Nucle i  
s u b t h a l a m i c u s  u n d  endopeduncu la r i s  die F e r m e n t r e a k -  
t i onen  m i t  d e m  A u f t r e t e n  de r  Morphod i f f e renz ie rung  po- 
s i t iv  werden,  wogegen  in den  t e l encepha l en  K e r n g e b i e t e n  
die Chemodi f fe renz ie rung  ers t  kurze  Zei t  n a c h  Anlage  
der  Gebie te  beg inn t .  D a d u r c h  is t  h ier  das  F o r t s c h r e i t e n  
der  Di f fe renz ie rung  yon  f ron to l a t e r a l  n a c h  k a u d o m e d i a l  
besonders  gu t  zu verfolgen.  I n  den  d i enzepha l en  Tei len  
der  S t a m m g a n g l i e n  is t  die E n t w i c k l u n g  yon  kaudo-  
med ia l  n a c h  f ron to l a t e r a l  ger ichte t .  A u c h  in d iesem 
Z u s a m m e n h a n g  erweis t  s ich das  P a l l i d u m  als d i enzepha le r  
Tell. - Besondere  B e d e u t u n g  h a t  die E n t w i c k l u n g  u m  
den  10. Lebens t ag .  Zu dieser  Zei t  b e g i n n e n  sich die blei-  
b e n d e n  Ak t iv i tX t s re l a t ionen  zwischen den  ve r sch i edenen  
Area l te i len  zu entwickeln ,  z .B.  be im P a l l i d u m  zwischen 
I n t e r n u m  u n d  E x t e r n u m .  Die 2. Lebenswoche  di i r f te  
auch  in funk t ione l l e r  H i n s i c h t  ftir die E n t w i c k l u n g  der  
S t a m m g a n g l i e n  b e d e u t u n g s v o l l  sein, da  e twa  a b  10. 
L e b e n s t a g  eine K o o r d i n a t i o n  der  e x t r a p y r a m i d a l  ge- 
s t eue r t en  B e w e g u n g e n  b e o b a c h t e t  wird 5. 

Summary .  In  foeta l  r a t  s t e m  gangl ia  o r ig ina t i ng  f rom 
the  d iencepha lon ,  c h e m o d i f f e r e n t i a t i o n  a n d  m o r p h o -  
genesis t ake  place ear l ier  t h a n  in those  f rom the  te lence-  
pha lon .  Be tween  3 and  10 days  pos tna t a l l y ,  e n z y m e  
ac t iv i t i e s  of al l  regions  la rgely  level  up ;  la ter ,  t h e  s t ruc-  
tu res  f rom the  t e l e n c e p h a l o n  Show h ighe r  ac t iv i t ies .  
E x c e p t i o n s  are acid p h o s p h a t a s e  and  t h i a m i n e  pyro-  
phospha t a se ,  whose  ac t iv i t i e s  are h ighe r  in  t h e  s t e m  
gangl ia  f rom the  d i encepha lon  t h a n  in those  f rom the  
t e lencepha lon .  The  g lobus  pa l l idus  b e h a v e s  in eve ry  
respec t  l ike the  s t r u c t u r e s  f rom the  d iencepha lon .  
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Melanocyte Precursor Cells in the Hair Follicle Germ During the Dormant  Stage (Telogen) 

The  me lanocy tes  respons ib le  for ha i r  p i g m e n t a t i o n  h a v e  
long been  cha rac t e r i zed  as be ing  vis ible  in the  ha i r  b u l b  
a t  a ce r ta in  s tage  of the  ha i r  cycle, n a m e l y  A n a g e n  I I I - I V ,  
w h e n  t h e y  beg in  ac t ive ly  p roduc ing  m e l an i n  granules .  
The  origin of th i s  new gene ra t ion  of melanocy tes ,  wh ich  
arises per iodica l ly  in adu l t  m a m m a l i a n  skin, has  been  in 
ques t ion  because  ne i t he r  typ ica l  me lanocy te s  nor  recog- 
n izable  p recursor  cells h a v e  been  observed  in t he  d o r m a n t  
s tage (telogen)1 of u n t r e a t e d  follicles. 

Obse rva t i ons  of t he  ha i r  follicle du r ing  te logen and  
ear ly  anagen  h a v e  been  conf ined  e i the r  to  t h i c k  pa ra f f in  

sect ions  v iewed wi th  t he  l igh t  microscope,  or t h i n  sec- 
t ions,  h igh ly  enlarged,  v iewed wi th  e lec t ron  microscope.  
In  t he  f i rs t  case t he  t e c h n i q u e  is no t  suf f ic ien t ly  ref ined 
to d iagnose  ce r t a in  cell types .  In  the  second case, 2 
p rob l ems  arise:  (1) The  h igh  degree of magn i f i ca t i on  
w i th  the  c o n s e q u e n t  l i m i t a t i o n  of the  field obscures  the  

1 T. B. FITZPATRICK, M. M1YAMOTO and I,:. 1SItlKAWA, in Advances 
in Biology o/ Skin. V I I I .  The Pigmentary System (Fd. W. MON- 
TAGNA alld F. HU; Perganion Press, New York 1966), p. 28. 
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t o p o g r a p h y ;  a n d  (2) t he  lack  of serial  sec t ions  m a k e s  i t  
easy  to over look single special  cells w i th in  the  ha i r  ge rm  
or ear ly  bulb .  

W e  h a v e  used  t he  l igh t  microscope  to s t u d y  m o u s e  
sk in  f ixed in g l u t a r a l d e h y d e - o s m i u m ,  e m b e d d e d  in epon,  
and  s t a i n ed  w i t h  a lka l ine  to lu id ine  blue. Care was  t a k e n  
in o r i en t a t i o n  of t he  t i s sue  b o t h  in e m b e d d i n g  an d  cu t -  
t ing.  Sect ions  were cu t  a t  1 .5-2 ~x, and  serial  sec t ions  of 
as m a n y  as 30 sec t ions  were o f ten  ob t a ined  2. Mate r i a l  
cons i s t ed  of t h e  dorsa l  sk in  of 39 mice  of severa l  s t r a i n s  
(C57 BL/Ch ,  B U B / W i ,  CaHp/Wi,  DBA-1 /Ch ,  a n d  DS/Ch) ,  
a t  va r i o u s  ages  an d  s t ages  of t he  ha i r  cycle.  B o t h  spon-  
t a n e o u s  anagen ,  a n d  a n a g e n  induced  b y  p l u c k i n g  were 
observed .  H a i r  g e rms  in t e logen  and  A n a g e n  I were d r a w n  
or p h o t o g r a p h e d  in serial  sect ions.  

Th e  easi ly recognizable  m e l a n o c y t e s  of A n a g e n  I I I - I V  
are c lus te red  a b o u t  t he  u p p e r  end  of the  de rma l  papi l la ,  
i n t i m a t e l y  assoc ia ted  w i t h  t he  deve lop ing  cort ical  cells 3 
(Figure  F). T h e  m e l a n o c y t e s  are large dendr i t i c  cells 
h a v i n g  a r o u n d e d  nuc leus  and  m a r k e d l y  c h r o m o p h o b i c  
c y t o p l a s m  4. T h e  ra t io  of nuc leus  to c y t o p l a s m  is low, 
a n d  n u m e r o u s  p i g m e n t  g ranu le s  are p r e sen t  in t h e  cy to-  
p l a s m  an d  dendr i t es .  The  p i g m e n t  g ranu le s  differ  in t he  
case of the  v a r i o u s  s t r a in s  of mice  (none be ing  p r e s e n t  in 
t he  a m e l a n o t i c  m e l a n o c y t e s  of t he  albino,  BUBS),  b u t  
are  easi ly d i f f e ren t i a t ed  f rom o the r  possible  cell inc lus ions  
b y  t h e  b l a c k - b r o w n  color. I n  addi t ion ,  t he  newly  fo rming  
in t race l lu la r  p i g m e n t  g ranu les  are of va r ious  sizes (but  
less t h a n  0.5 ~x) a n d  va r ious  in tens i t i e s  of b lackness ,  a n d  
t h u s  differ f r o m  occas iona l  c l u m p s  of larger  b lacker  
m e l a n i n  o f ten  p r e sen t  in t he  d e r m a l  papil la ,  left  over  
f r o m  a p rev ious  ha i r  cycle 6. 

Cells in t h e  s a m e  locat ion,  i.e. in c o n t a c t  w i th  t he  
u p p e r  p a r t  of t h e  d e r m a l  papi l la ,  a n d  s imi la r  t o  t he  
above  in all r e spec t s  e xc e p t  t h a t  t h e y  lack  p i g m e n t  and  
h a v e  a g rea t e r  a b u n d a n c e  of c y t o p l a s m i c  organelles ,  are  
f r e q u e n t  a n d  consp icuous  in sec t ions  of follicles in 
A n a g e n  I I I  (F igures  D a nd  E), a nd  earl ier  in A n a g e n  I I  
(Figure  C). D u r i n g  th i s  t i m e  these  cells are  o f ten  seen 
in  d iv is ion  (F igure  C). 

In  A n a g e n  I a n d  in t e logen  t h e y  were no t  so i m m e -  
d ia te ly  observable ,  a nd  serial  sec t ions  of ent i re  ha i r  ge rms  
h a d  to be o b t a i n e d  a nd  s tud ied .  I n  these  cases it  was  
a lways  poss ible  to f ind 1 or 2 clear  dendr i t i c  cells per  
germ,  t o u c h i n g  t he  b a s e m e n t  m e m b r a n e  be tween  t he  
ge rm  a n d  d e r m a l  papi l la  (Figures  A a nd  B). D u r i n g  
te logen  these  ceils are smaller ,  w i th  fewer c y t o p l a s m i c  
o r g a n d i e s .  T h e  nuc leus  m a y  be i r regula r ly  no tched ,  and  
nuc lea r  c h r o m a t i n  is inconsp icuous .  

M a n y  o the r  clear  dendr i t i c  cells are p r e se n t  in t he  
capsule  a nd  ou te r  root  s h e a t h  of the  t e logen  hai r  follicle, 
as well as in t he  epidermisT. T h e  p r o d u c t i o n  of p i g m e n t  
in A n a g e n  I I I - I V ,  however ,  s e e ms  to be s t r ic t ly  l imi ted  

2 We thank Mrs. MARGARET DUNN for careful and intelligent 
technical assistance. 

3 N. A. BARNICOT and M. S. C. BIRBECK, in The Biology o/ Hair 
Growth (Ed. W. MONTAGNA and R. A. ELLIS; Academic Press, 
New York 1958), p. 241. 

4 W. C. QUEVEDO JR. and H. B. CHASE, Anat. Rec. 129, 87 (1957). 
5 W. K. SILVERS, Anat. Rec. 130, 135 (1958). 
6 H. B. CHASE, in The Biology o /Hair  Growth (Ed. W. MONTAGNA 

and R. A. ELLIS; Academic Press, New York 1958), p. 234. 

Melanocyte precursor cells (melanoblasts) of hair follicles in telogen and early spontaneous anagen. (A) Telogen (resting stage}. Small dendritic 
clear celt (melanoblast) is in the germ, touching the basement nlembrane between germ and dermal papilla. (B} Anagen I. Melanoblast is 
centrally located in the germ, immediately adjacent to the dermal papilla. The nucleus is larger and rounder, and the nuclear chromatin is 
more conspicuous than in the resting stage. Pale outer cells of the germ (E) are presumptive external sheath cells. Dark con, pressed inner 
ceils (K) are presumptive keratinizing cells of inner sheath and cortex. (C)Anagen II. The germ is beginning to engulf the dermal papilla. 
Central inelanoblast has just divided. (D) Anagen III, early. Three melanoblasts are at the upper end of the dermal papilla, which is now 
surrounded by the growing follicle. (E) Anagen III, late. Cytoplasmic organdies of melanoblasts are very evident at this stage, just before 
pigment is produced. (F) Anagen III-IV. Pigment granules are now visible in the melanoeytes (M) clustered around the upper end of the 
dermal papilla. Dermal papilla cells are markedly changed in appearance, with irregular nuclei and 'shredded' cytoplasm. - Magnification, 
indicated in B, is the same throughout. Arrows indicate melanoblasts, not all of which are designated. B, basement membrane; C, capsule 
of club hair; DP, dermal papilla; E, presumptive external sheath cells; G, hair germ; K, presumptive keratinizing cells; M, melanocyte. 
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to t he  clear  dendr i t i c  cells of the  ha i r  germ which  are 
i m m e d i a t e l y  a d j a c e n t  to  t he  d e r m a l  papi l la .  Our  con- 
c lus ion t h a t  these  ceils are in  fac t  t he  p recurso r  cells of 
t he  me l anocy t e s  of l a t e r  anagen ,  is based  upon  the i r  
specific locat ion,  t he i r  pecu l ia r  morphology ,  the  t e m p o r a l  
c o n t i n u i t y  of t he i r  presence,  and  also on  defaul t .  No 
cells f rom outs ide  t he  follicle h a v e  been  seen m i g r a t i n g  
in to  t he  core of the  ha i r  germ d u r i n g  te logen  or ear ly  
s p o n t a n e o u s  anagen .  Our  f ind ings  ind i rec t ly  conf i rm the  
r epo r t  of Q U E V E D O  and  ISHERWOOD 8 t h a t  dopa - reac t ive  
dend r i t i c  me lanocy te s  m a y  be seen in the  germ of 
t e logen  follicles fol lowing t r e a t m e n t  of t he  skin w i t h  low 
doses of X- ray .  

The  po t en t i a l  me lanocy te s  descr ibed  in th i s  c o m n m -  
n i ca t ion  should  p roper ly  be  called me lanob las t s .  MASSON 9 
used th i s  word to descr ibe  dendr i t i c  cells wh ich  even tua l ly  
p roduce  p igmen t .  CHASE a n d  SMITH 10 used t he  same t e r m  
to describe,  in newly  i n v a g i n a t i n g  follicles of young  mice, 
cells wh ich  la te r  p roduce  p igmen t .  More r ecen t ly  t he  t e r m  
m e l a n o b l a s t  was def ined b y  a n u m b e r  of o the r  workers  
in t he  field of p i g m e n t  research  as ' a  cell wh ich  serves a t  
all s tages  of the  life cycle as the  p recurso r  of the  melano-  
cy te '  11. 

The  smal les t  te logen follicles (zigzags) con ta in  t he  
fewest  melanob las t s ,  p r o b a b l y  on ly  1 per  single germ. 
Th i s  bears  ou t  the  p red i c t i on  m a d e  recen t ly  b y  POTTEN, 
based  on ca lcu la t ions  der ived  from a q u a n t i t a t i v e  s t u d y  
of d e p i g m e n t a t i o n  p roduced  b y  spl i t -doses  of X - r a y s  12. 

The  te logen m e l a n o b l a s t  of the  adu l t  mouse,  wh ich  
we h a v e  descr ibed here,  undergoes  a t r a n s f o r m a t i o n  f rom 
a smal l  non -d iv id ing  cell t y p e  to a large  mi to t i ca l ly  ac t ive  
cell t y p e  every  t ime  t he  a n a g e n  phase  of t he  ha i r  cycle 
commences .  B y  the  same token,  i t  n m s t  change  back  to 
the  d o r m a n t  cell t y p e  when  te logen is rees tab l i shed .  This  

t r a n s f o r m a t i o n  is predic tab le ,  in  so far  as t he  ha i r  cycle 
schedule  is p red ic tab le ,  and  t h u s  t he  en t i r e  s y s t e m  seems 
pecu l ia r ly  su i t ab le  for s t u d y i n g  t he  genera l  p h e n o m e n o n  
of d o r m a n t  or  l a t e n t  ceils la. 

Zusammenfassung.  Der U r s p r u n g  der  Melanozy ten ,  die 
in der  H a a r w u r z e l  wS&rend jedes H a a r z y k l u s  erscheinen,  
is t  b i sher  u n b e k a n n t  gewesen. Helle  dend r i t i s che  Zellen 
im r u h e n d e n  H a a r k e i m ,  welche a n  der  H a a r p a p i l l a  liegen, 
die sich w/ ih rend  der  f r i ihen  A n a g e n  te i len  u n d  w/ ih rend  
A n a g e n  I I I - I V  F a r b k 6 r p e r c h e n  he rvo rb r ingen ,  s ind au-  
gensche in l ich  die VorlSmfer der  H a a r m e l a n o z y t e n .  

A. F. SILVER, H. t3. CHASE 
and  C. S. POTTEN 
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M e m b r a n e - B o u n d  Micro tubu lar  and Crys ta l l ine  
Canine Aorta  

Previous ly ,  we repor ted  on  the  u l t r a s t r u c t u r e  of com- 
p lex  vesicles, mic ro tubules ,  and  cy top la smic  f i l amen t s  in 
endo the l i a l  cells of n o r m a l  can ine  ao r t a s  1. R e c e n t  obser-  
v a t i o n s  of e n d o t h e l i u m  from such ao r t a s  h a v e  revea led  
2 morpholog ic  types  of u n u s u a l  m e m b r a n e - b o u n d  s t ruc-  
tu res  con ta in ing  e i the r  mic ro tubu le s  or c rys ta l l ine  m a t e -  
rial. This  is a p r e l i m i n a r y  desc r ip t ion  of the  u l t r a s t r u c t u r e  
of these  cy top la smic  inclusions.  

A b d o m i n a l  aor tas  of adu l t  mongre l  dogs were per fused  
and  d i s t ended  w i th  a so lu t ion  of 5% g l u t a r a l dehyde  in 
cacody la t e  buffer  for 15 rain.  T h e y  were t h e n  cu t  in to  
l ong i t ud ina l  s t r ips  a b o u t  1 m m  wide and  fixed for 2-4  h 
in fresh 5% g l u t a r a l d e h y d e  so lu t ion  2. Af te r  p ro longed  
wash ing  in buffer ,  t he  t i ssue  was pos t f ixed  for 1 h in 2% 
osmic  acid buffered  w i th  cacodyla te .  Af te r  dehydra t i on ,  
t he  t i ssue  was e m b e d d e d  in a m i x t u r e  of Maraglas  
I ) .E .R .  732 and  D D S A  a. 

The  first  t y p e  of s t ruc tu re ,  c o n t a i n i n g  loosely aggre- 
ga t ed  micro tubules ,  has  no t  been  p rev ious ly  descr ibed.  
These  cy top la smic  s t r u c t u r e s  were b o u n d e d  b y  serpi- 
g inous  m e m b r a n e s  and  t h e y  m e a s u r e d  up  to 0.8 ~ in 
g rea t e s t  d imens ion  (Figure 1). The  m i c r o t ubu l e s  were 
a p p r o x i m a t e l y  2 3 0 ~  in d i a m e t e r  and  were usua l ly  
a r r a n g e d  in loose para l le l  a r ray ,  a l t h o u g h  m a n y  were 
r a n d o m l y  s i tua ted .  The  mos t  m i c r o t u b u l e s  no t ed  in a 
single s t r u c t u r e  was 240. 

S t r u c t u r e s  in Endothe l ia l  Cel ls  of N o r m a l  

The  second t y p e  of s t r u c t u r e  c o n t a i n e d  a c rys ta l l ine  
mate r ia l .  This  ma te r i a l  appea red  to  be  b o u n d e d  b y  a 
m e m b r a n e ,  b u t  a d j a c e n t  to t he  dense  c rys ta l l ine  m a t e r i a l  
i t  was  f r e q u e n t l y  di f f icul t  to  define. These  s t r u c t u r e s  were 
genera l ly  r o u n d  and  the  larger  ones  appea red  n o d u l a r  as 
if fo rmed  by  a conf luence  of several  smal l  ones (Figure  2). 
The  c rys ta l l ine  ma te r i a l  h a d  a per iod  of 130 180 ~ in 
one d i rec t ion ;  pe r iod ic i ty  a t  r igh t  angles  to  t he  m a j o r  
per iod  has  no t  been  resolved.  I n  t he  larger,  s eeming ly  
nodular ,  s t r u c t u r e s  the  per iod  l ines r u n  a t  d i f fe ren t  angles  
in  d i f fe ren t  areas,  wh ich  suppor t s  t he  i n t e r p r e t a t i o n  of 
a n  aggrega t ion  of smal le r  s t ruc tures .  

S imi lar  c rys ta l l ine  cy top la smic  inc lus ions  in p u l m o n a r y  
a n d  g lomeru la r  e n d o t h e l i u m  4 and  in ep ide rmis  ~ h a v e  been  
obse rved  a n d  r epo r t ed  on  b y  o t h e r  i n v e s t i g a t o r s .  These  
au tho r s  sugges ted  a r e l a t ionsh ip  b e t w e e n  t he  c rys ta l l ine  

1 C. N. SUN and J. J. GHIDONI, in Proceedings Electron Microscopy 
Society o/ America 26th Annual Meeting (Ed. C. J. ARCENEAUX; 
Claitor's Publishing Division, Baton Rouge, La. 1968), p. 172. 

2 D. D. SABATINI, l~. BENSCH and R. J. BARRNETT, J. Cell Biol. 
17, 19 (1963). 

3 R. A. ERLANDSON, J. Cell Biol. 22, 704 (1964). 
4 M. J. FINEGOIA), Lab. Invest. 16, 912 (1967). 
'~ S. ROSEN and C. C. TISHER, Lab. Invest. 18, 240 (1968). 


