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AAF, treatments in which 18.7% and 33.7% of the total  
tissue present were cytokinin autonomous. The average 
number of nodules per flask also increased with the dose 
of AAF up to growth limiting concentrations; however, 
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Fig. 2. The yield of callus and cytok in in  independent tissues at in- 
creasing levels of N-acetylaminofluorene. ( -O-) ,  calius; ( -0 - )  no- 
dule tissue. The vertical lines indicate the standard error of the mean 
of 4 replicate cultures. The numbers in parenthesis above the nodule 
tissue curve represent the average number of nodules per flask. 

this occured at  the expense of their relative size at levels 
above 0.1 txM. The enhancement of callus growth by 
small amounts of AAF is an effect only seen in tissues 
previously grown on low cytokinin concentrations. How- 
ever, the growth of callus from both, low and high 
(>  0.2 [xM) kinetin pretreated tissues was inhibited by 
AAF concentrations greater than 5.0 ~tM. 

This method provides a relatively simple, chemically 
defined system for the production of cytokinin autonomous 
tobacco tissues. Additional studies of these cells can furnish 
information on the role of AAF in the act ivation of the 
endogenous cytokinin synthesizing system and the part  
this event  plays in the transformation of normal cells to 
tumor cells 4, 5. 

Zusammenfassung. Nachweis, dass N-Acetylamino- 
fluoren in Cytokinin-Auxin-abhAngigen Tabakgewebe- 
kulturen cytokininautonomes, knotenartiges Kallusge- 
webe zu bilden vermag. 
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T h e  U l t r a s t r u c t u r e  of  a C y c l o s t o m e  In terrena l  

Although nearly 70 years have elapsed since the so- 
called interrenal cells of the lamprey were first described 
in detail by GIACOMINI z, the physiological significance of 
this tissue is still uncertain. In its embryological origins 
there is little doubt that  it resembles the interrenal and 
adrenocortical tissue of other vertebrates, but  at  the 
present time the only indication of a functional cor- 
respondence is the report tha t  the interrenal tissue of 
the ammocoete of Lampetra planeri underwent hyper- 
plasia after injections of mammalian ACTH z. After an 
extensive histochemicat study of this tissue in larval, 
metamorphosing stages and adults of L. planeri and on 
a single specimen of Petromyzon marinus, SEILER, SEILER 
and STERBA 3 reported the presence in the interrenal 
tissue of unsaturated lipids, phospholipids, acetytphos- 
phatide and cholesterol, but  in common with experience 
in these laboratories, they were unable to obtain con- 
clusive evidence for the presence of As-3 fl-hydroxysteroid 
dehydrogenase. On the other hand, quant i ta t ive  studies 
on the interrenal tissue of upstream migrant stages of 
the river lamprey, Lampetra fluviatilis have demonstrated 
that  these cells apparently respond to a variety of stress 
conditions 4, while a preliminary study of their ultra- 
structural features tends to support their steroidogenic 
character. 

As previously described by STERBA 2, the main con- 
centrations of interrenal tissue occur immediately above 
the pronephric funnels of the adult lamprey, although 
smaller islets are scattered in the walls of the Cardinal 
veins and the other great vessels of the pericardial regions. 
In the ammocoete on the other hand, they tend to occur 

in greatest numbers on the surface of the aorta and also 
amongst the pronephric tubules, which regress during 
metamorphosis. For electron microscopical investigations 

Fig. 1. Interrenal tissue of adult Lampestra ]luviatilis, × 866. Fixa- 
tion in Bouin's fluid; staining by Masson's triehrome. 
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Fig. 2. Interrenal cell from an ammoeoete of Lampetra planeri, × 30,000. 

t h e  a n i m a l s  were  pe r fused  w i t h  p h o s p h a t e  buf fe red  g lu t -  
a r a ldehyde ,  a l lowing  suf f ic ien t  t i m e  to  d i s sec t  o u t  t he  
a reas  c o n t a i n i n g  i n t e r r e n a l  t i s sue  u n d e r  a d i s sec t ing  
microscope .  Af t e r  f u r t h e r  f i x a t i o n  in  g l u t a r a l d e h y d e ,  t h e  
t i s sue  was  pos t f i xed  in  o s m i u m  te t rox ide ,  d e h y d r a t e d  
in alcohol ,  s t a i ned  w i t h  p h o s p h o t u n g s t i c  ac id  a n d  em- 
b e d d e d  in  E p o n .  

A t yp i ca l  l i gh t  microscope  image  of i n t e r r e n a l  cells of 
a n  a d u l t  of L. fluviatilis (Figure  1) shows h i g h l y  vacu -  
o la t ed  cells, w i t h  r o u n d e d  nucle i  a n d  a s ingle  consp icuous  
nucleolus .  Where ,  as in  t h i s  case, large masses  of cells are  
p resen t ,  t h e y  m a y  o f t en  show a cord  l ike a r r a n g e m e n t ,  
w i t h  i n t e r v e n i n g  sep tae  of co l lagen fibres.  I n  t h e  e l ec t ron  
microscope,  t h e  i n t e r r e n a l  cells of t h e  l a r v a l  Lampretra 
planeri show large  vacuoles ,  m e a s u r i n g  u p  to  5 t~m in 
d i a m e t e r  w h i c h  a re  seen t o  b e  l iposomes,  in  some  example s  
showing  a co l lapsed  i n n e r  m e m b r a n e ;  in  o t h e r s  t h e y  m a y  
h a v e  e i t h e r  a well  def ined,  or  a d i f fuse  osmiophi l i c  ou t e r  
zone (Figure  3) due  to  t h e  i n c o m p l e t e  e x t r a c t i o n  of l ip id  

d u r i n g  d e h y d r a t i o n  5 As in  t h e  a d r e n a l  c o r t e x  a n d  o t h e r  
s te ro idogenic  t issues,  t h e r e  a p p e a r  to  b e  l i g h t  a n d  d a r k  
cell t ypes  e-~, b u t  in b o t h  cases t h e  e n d o p l a s m i c  r e t i c u l u m  
is of t h e  s m o o t h  types ,  w i t h  a n  a b u n d a n c e  of free r ibo-  
somes  s t r e w n  t h r o u g h o u t  t h e  c y t o p l a s m i c  m a t r i x .  I n  t h e  
d a r k  cell t h e  r e t i c u l u m  is t u b u l a r ;  in  t h e  l i gh t  cell t y p e  
the re  is an  a b u n d a n c e  of vesic les  (F igures  2 a n d  3) r a n g i n g  
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Fig. 3. Interrenal cell from L. planeri, × 45,000. CV, cytoplasmic vesicles; 1, liposome; M, mitochondria; N, nucleus. 

in d iamete r  up to  0.5 tzm. Vesicular  prot rus ions  of the  
nuclear  envelope are f requen t ly  observed.  The  Golgi  zone 
is inconspicuous or  absent.  

The  numerous  mi tochondr i a  v a r y  considerably  in shape, 
size and in terna l  s t ructure .  In  some examples ,  the  cr is tae 
consist  of narrow s t ra ight  and paral le l  tubules  which m a y  
be res t r ic ted to only a smal l  region of the  mi tochondr ion .  
This  bears  some resemblance  to t he  t y p e  of s t ruc ture  
which has  been repor ted  in the  g lomerulosa  of the  m a m -  
mal ian  co r t ex  10. I n  others,  t he  cr is tae  are of an  i r regular  
tubulo-ves icu la r  t y p e  and the  m a t r i x  is usual ly  e lectron 
dense (Figure 3). Smal l  osmiophi l ic  inclusions are  fre- 
qu en t l y  observed  wi th in  t he  mi tochondr ia .  The  presence 
of ' open  fo rm '  mi tochondr i a  wi th  incomple te  ou te r  m e m -  
branes  and  the  f r equen t  associat ions be tween  mi tochon-  
dria  and cy top lasmic  vesicles or  l iposomes (Figure 3) 
recall  the  observa t ions  t h a t  have  been made  in m a m -  
mals  1°,11 and in a te leost  ~2. These relat ionships  have  
been in te rpre ted  in t e rms  of the  par t i c ipa t ion  of these 
organelles in the  var ious  stages of s teroid biosynthesis ,  

bu t  the i r  e lucidat ion in our  mater ia l  mus t  awai t  the  
results  of more  deta i led  cytological  and exper imenta l  
studies on the  in ter renal  t issue of the  la rva l  and adul t  
l amprey  in re la t ion to the  var ious  phases of t he  life cycle. 

Never theless ,  these  p re l imina ry  studies suppor t  the  
v iew t h a t  this  t issue is indeed steroidogenic,  showing the  
ma jo r  u l t r as t ruc tu ra l  features  t h a t  are  regarded as char-  
acter is t ic  of ve r t eb r a t e  s teroid secret ing cells. These are :  
the  abundance  of l ipid inclusions, a well  developed smoo th  
endoplasmic  re t i cu lnm and dispersed polysomes,  numer -  
ous cy top lasmic  vesicles, and  mJtochondr ia  w i th  t ubu l a r  
or  ves icular  cristae. These same features  ha~e  also been 
repor ted  in t he  Leydig  cell homologues  of t he  l ampreys  

10 D. D. SABATINI and E. D. P. DE ROBERTIS, J.  biophys, biochem. 
Cytol. 9, 105 (1961). 

11 W. SCHWARZ, H.-J. MERKER and G. SUCHOWSKY, Virchows Arch. 
path. Anat. 335, 165 (1962). 

12 K. YAMAMOTO and H. ONOZATO, Annotnes zool. jap. 38, 140 (1965). 
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tes t i s la ,  14. I n  cons ide r ing  t h e i r  h i s t o c h e m i c a l  ev idence ,  
SELLER et  a l )  h a v e  sugges ted  t h a t  t h e  i n t e r r e n a l  t i s sue  
of t h e  l a m p r e y  m a y  b e a r  a closer r e s e m b l a n c e  to  t h e  
S t a n n i u s  corpuscles  of t h e  te leos ts  t h a n  to  t h e  in te r -  
r e n a l  cells of t h e  h i g h e r  v e r t e b r a t e s .  However ,  in  v iew 
of t h e  u l t r a s t r u c t u r a l  ev idence  p r e s e n t e d  here  a n d  t h e  
wel l  deve loped  r o u g h  e n d o p l a s m i c  r e t i c u l u m  a n d  Golgi  
of t h e  corpusc les  of S t a n n i u s  is, 16 ( fea tu res  t h a t  are  usu-  
a l ly  a s soc ia t ed  w i t h  p ro t e i n  secre t ion)  t h i s  p o i n t  of v iew 
m u s t  a l m o s t  c e r t a i n l y  b e  r e j e c t e d : L  

culaires .  Ces o b s e r v a t i o n s  c o n f i r m e n t  l ' idCe que  ces cel- 
lules c o r r e s p o n d e n t  au  t i ssu  in te r rCnal  ou adrCnocor t i ca l  
des  a u t r e s  vertdbrCs.  
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Rdsumd. Apr~s u n  e x a m e  au  mic roscope  61ectronique,  
le t i s sue  in te r rCnale  de la l ampro ie ,  Lampreta planeri, 
m o n t r e  t o u s l e s  ca rac t~res  essent ie ls  d ' u n  t i s sue  stC- 
ro idog6nique ,  so i t  u n  r e t i c u l u m  lisse a b o n d a n t ,  la  prC- 
sence  de  l iposomes,  de  v f s i cu le s  c y t o p l a s m i q u e  trc~s n o m -  
b reuses  e t  de  m i t o c h o n d r i e s  g crgtes  t u b u l a i r e s  on  vCsi- 
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U V - i n d u c e d  I n c r e a s e  in N u m b e r  of P e r i v e n t r i c u l a r  ' G o m o r l - p o s l t i v e '  Gl ia l  Ce l l s  in B r a i n s  o f  M i c e  

T h e  b r a i n s  of m a m m a l s ,  p a r t i c u l a r l y  roden t s ,  con-  
t a i n  a class  of p e r i v e n t r i c u l a r l y  local ized gl ia l  cells w i t h  
a b u n d a n t  c y t o p l a s m i c  g r a n u l a t i o n s  showing  s t r o n g  af- 
f i n i t y  to  G o m o r i ' s  c h r o m e  h a e m a t o x y l i n  a n d  a l d e h y d e  
f u c h s i n  a f t e r  p e r m a n g a n a t e  ox ida t ion1-% T h e  c h r o m e  
h a e m a t o x y l i n - p o s i t i v e  g r a n u l e s  of t h e  p e r i v e n t r i c u l a r  
' G o m o r i - p o s i t i v e '  g l ia  were  s h o w n  to  be  large  cy to-  
p l a s m i c  organel les ,  u n u s u a l l y  r i ch  in  t h io l  g r o u p s L  T h e  
n u m b e r  of t h e  p e r i v e n t r i c u l a r  ' G o m o r i - p o s i t i v e '  gl ia l  
cells s i gn i f i c an t l y  increases  in  t h e  b r a i n s  of 800 R whole  
b o d y  X - r a y  i r r a d i a t e d  a n i m a l s  a. A s imi la r  inc rease  was  
o b s e r v e d  a f t e r  a local  3000 R a n d  4000 R i r r a d i a t i o n  
of t h e  h e a d  reg ion  s. 

I n  t h e  p r e s e n t  s tudy ,  t h e  p e r i v e n t r i c u l a r  'Gomor i -  
pos i t i ve '  gl ia l  cells were  c o u n t e d  a r o u n d  t h e  a n t e r i o r  
p a r t  of t h e  3rd b r a i n  v e n t r i c l e  (F igure  1) in  n o r m a l  mice  
a n d  t h o s e  s u b j e c t e d  t o  p r o t r a c t e d  U V - i r r a d i a t i o n ;  50 
f ema le  w h i t e  mice,  4 m o n t h s  old  a n d  we igh ing  25-30  g, 
were  used.  T h e  a n i m a l s  were  k e p t  u n d e r  s t a n d a r d  l abo ra -  
t o r y  c o n d i t i o n s  a n d  fed a t y p i c a l  l a b o r a t o r y  chow. T h e  
a n i m a l s  were  d iv ided  i n to  4 e x p e r i m e n t a l  a n d  1 con t ro l  
group,  e ach  cons i s t ing  of 10 ind iv idua l s .  T h e  a n i m a l s  of 
t h e  e x p e r i m e n t a l  g roups  were  U V - i r r a d i a t e d  a t  a spec t r a l  
r a n g e  of 254-405 nm,  6 8 , 0 0 0 e r g / s e c / c m  2. T he  i r r ad ia -  
t i ons  were p e r f o r m e d  for  30 ra in  o n  e a c h  consecu t ive  day .  
A n i m a l s  of t h e  1st e x p e r i m e n t a l  g roup  were  i r r a d i a t e d  
for  7 days ,  t h e  2nd  g r o u p  for  14 days ,  t h e  3rd for  21 days ,  
a n d  t h e  4 t h  for  28 days .  T h e  i r r a d i a t i o n s  were p e r f o r m e d  
in  a d a r k  t h e r m o s t a t  c h a m b e r  a t  10-12°C.  

T h e  a n i m a l s  of t h e  e x p e r i m e n t a l  a n d  con t r o l  g roups  
were  ki l led u n d e r  e t h e r  anaes thes i a ,  a lways  a t  the" same  
h o u r  of t h e  day.  T h e  b r a i n s  were  qu ick ly  d i ssec ted  free, 
t r i m m e d ,  f ixed  in B o u i n ' s  fluid,  a n d  s t a i n e d  w i t h  Go- 

m o r i ' s  c h r o m e  h a e m a t o x y l i n - p h l o x i n  in B a r g m a n n ' s  
modi f i ca t ion .  

The  'Gomor i -pos i t i ve '  p e r i v e n t r i c u l a r  glial  cells were 
c o u n t e d  a r o u n d  t h e  a n t e r i o r  p a r t  of t h e  3rd b r a i n  ven-  
t r ic le  (Figure  1) u n d e r  a 4 0 ×  o b j e c t i v e ;  100 iden t i ca l  
f ie lds  were  s canned  in  e a c h  an imal .  T h e  resu l t s  were 
a n a l y s e d  s t a t i s t i ca l ly  w i t h  S t u d e n t ' s  t - tes t .  

T h e  resu l t s  are  p r e s e n t e d  in  t h e  T a b l e  a n d  in F igu re  2. 
As c a n  be  seen, p r o t r a c t e d  U V - i r r a d i a t i o n  caused  a 

Fig. 1. Transverse section of mouse brain at the level of the optic 
chiasm. 'Gomori-positive' glial cells were counted in the area circum- 
scribed by the broken line. V, third brain ventricle; CO, optic 
chiasm; TO, optic tract. 

Group No, of Spectral Energy 
animals range (erg/see/em 2) 

(nm) 

Daily Total Mean Standard Standard Student's 
dose dose number deviation error t-test 
(min) {rain) of cells 

Control 10 - - 
I. 7 days of UV 10 254-405 68,000 
II. 14 days of UV 10 254-405 68,000 
III. 21 days of UV 10 254-405 68,000 
IV. 28 days of UV 10 254-405 68,000 

- 30.40 0.545 0.175 - 
30 210 30.96 1.076 0.347 1.36 
30 420 33.81 2.095 0.675 4.87 
30 630 36.80 1.710 0.551 10.88 
30 840 43.53 6.456 2.082 6.40 


