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(Figures 1, 2 and 3). If  the  mean  LI  for left a t r ium myo-  
cytes  of all ra ts  kiIled a t  the  end of the  2nd week a t t a ins  
t .60 • 0.59%, which  is 15 t imes  more  t h a n  contro l  values  
(p < 0.05), a t r ia  of several  ra ts  con ta ined  as m a n y  as 3-  
5% of labelled muscle  nuclei;  the  sum of LI  and  MI 
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Fig. 3. Percentages of aH-thymidine labelied myocyte nuclei in the 
left atrium, right atrium and in perinecrotic myoeardimn of the 
right atrium at different stages after aortal stenosis in rats. Designa- 
tion of points and the number of animals as in Figure 1. 

a t t a ins  in some animals  4 -7%.  Rep ea t ed  inject ions  of 
~H-thymidine  resul t  in labell ing of 0.2, 2.1 and 5.8% of all 
my o cy t e s  in left  a t r ia  of 3 rats ,  respect ively.  The degree  
of D N A  synthes is  ac t iva t ion  was  found to be similar b o t h  
in left  and r ight  a t r ium myocy te s  (Figure 3), while  
mi toses  were numerous  only in the  former  ones. By  the  
3rd week, prol i fera t ion of auricular  muscle nuclei  is re- 
duced clearly (Figures i and  3). As compared  wi th  t he  
above data ,  DNA synthes i s  in the  myocy te s  border ing  the  
necrot ic  areas in a t r ia  was  ac t iva ted  by  5-7 days  earl ier  
and  2-3 t imes  more  in tens ive ly  (Figure 3). 

E x t r e m e  indiv idua l  var ia t ions  of b o t h  LI  and MI 
values are qui te  typ ica l  (Figures 1 and 3), indica t ing  the  
incons tancy  and/or  par t ia l  synchron iza t ion  of the  reac t ive  
hyperp las ia  of h ighly  d i f fe ren t ia ted  hea r t  muscle cells. 

Thus  bo th  left  vent r ic le  hype r func t i on  and  infarc-  
t ion ~-s are followed by  react ive  hyperp las ia  of differen-  
t i a t ed  atrial  myocy te s  which is s o mew h a t  be la ted  as well 
as less in tens ive  and  regular  in t he  bulk  of h y p e r t ro p h i ed  
hea r t  auricular  myocard ium.  I t  m u s t  be t a k e n  in to  
account  in the  s tudies  on the  pa thogenes i s  of d i f fe rent  
forms of hea r t  failure. 

BBIBOAbL FHnepqbym(RH~ H rHnepTpo~Ha cep;~tla npR 
CTeHoae a0pTbI conpoBo~Aa~oc~ y MH0r~x ~(pbIC aKTUBaRHe~ 
CHHTe3a ~HI~ H MHT030B B MH0tlHTaX b:aK JIeB0r0~ TaK H 
npaBoro npe~cepzm~. PeaKTUBHa~ npo~uqbepatm~ MaKcH- 
Ma~bHa K KOHtly 2-fi HeAeJm nocJ]e K0apKTaRHH a0pTbl, 
Kor~la 1,60 • 0,59% i, cex MH01~HTOB :IeB0r0 npe;Icep)lHa CHH- 
TeanpymT jIHI~, a 0 , 9 6 •  AeasTCa MHT0a0M. Em~ 
6onee ViHTeHCHBHO pa3MHOX<alOTC~ MHOILHTM Bo~pyr HeK- 
p0THqeCKHX oqaroB B npeAcepAu~x. HaIIp0THB, B ~e:Iy- 
]loqKax o6gapy~eHbi JIHIIIB e~HHHqHBIe MeqeHble H3-THMH - 
~HHOM ~ p a .  
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C i l i a  i n  A x o l o t l  N e u r o n s  (Siredon mexicanum) 
The occurrence of cilia in neurons  and  glia of t he  m a m -  

mal ian nervous  sys t em descr ibed by  del 1RIO-HORTE~A 1 
as early as 1916 is now a wel l -es tabl ished fact  2-15, b u t  few 
references are avai lable  abou t  the i r  exis tence in t he  ner-  
vous t issue of lower formsla,  z~. The purpose  of th is  no te  
is to  describe th is  organoid as seen in spinal  cord neurons  
of the  aquat ic  sa l amander  Siredon mexicanum (Axolotl) 
and  to suggest  t h a t  the  presence  of cilia in nerve  cells m a y  
be more  widespread  th rough  the  cent ra l  nervous  sys t em 
in the  various an imal  phy la  t h a n  previous ly  assumed.  

Materials and methods. A series of 50 spinal  cords e i ther  
in si tu or imp lan ted  for var iable  lengths  of t ime  in to  t he  
dorsal  fin of a hos t  axolot l  is were f ixed by  immers ion  in a 
va r i e ty  of a ldehyde  mixtures ,  and  pos t - f ixed  in osmium 
te t roxide ,  followed by  aqueous  sa tu ra t ed  urani l  ace ta te  
and e m b e d d e d  in Epon.  U l t r a - th in  sect ions were s ta ined  
wi th  lead ace ta te  and  s tudied  under  a Siemens I e lectron 
microscope.  Thick  (1 Fm) sect ions of the  same mater ia l  
were s ta ined  wi th  1%, plK 7.4, to luidine  blue and  observed  
under  the  opt ical  microscope.  

Results. A n u m b e r  of cil iated neurons  were found in the  
spinal  cords b o t h  in si tu and  in the  implants .  Ident i f ica-  

t ion  of the  cells as neurons  was made  on the  basis of the i r  
s t rong  s imi lar i ty  to the  m a m m a l i a n  neuron,  locat ion 
inside the  cord and corre la t ion wi th  opt ical  microscopy  
observat ions .  Glial cells, on the  o ther  hand,  are ve ry  
s imilar  to  those  descr ibed in t he  spinal  cord of t he  newt  1~ 
and  no cilia have  been  found  in these  cells so far. 

Most  of the  morphologica l  fea tures  observed in the  
m a m m a l i a n  neural  cilia were p resen t  here. Figure 1 illu- 
s t ra tes  a typ ica l  longi tudinal  sect ion of a cil ium in a 
neuron  of an implant .  The shaf t  has  a d i ame te r  of 170 nm, 
s l ight ly less a t  its origin, and  is b o u n d ed  by  a ciliary sheet  
cont inuous  w i t h  the  ceil membrane .  In  t he  cases where  the  
centr ioles  remained  in the i r  original pos i t ion in the  v ic in i ty  
of t he  nucleus, t he  cell m e m b r a n e  invagina tes  down to  
the  level of the  t r ans i t ion  region of t he  cil ium before re- 
f lect ing on itself to  cover the  shaf t  and, as a result ,  a 
perici l iary sulcus forms wi th  t he  deepes t  por t ion  d i la ted  
(Figure 1). W i t h  app rox ima te ly  t he  same frequency,  how- 
ever, cilia are found  in which  the  basa l  body  is located  in 
the  pe r iphe ry  of the  cell so t h a t  no m e m b r a n e  invagina-  
t ion  occurs (Figure 2). The micro tubules  inside the  shaf t  
have  a d i ame te r  of abou t  20 n m  and have  a t t a ch ed  to  
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Fig.  1. Ci l ium in  a n e u r o n  of a sp ina l  co rd  i m p l a n t .  The  eentr ioles  are[  n the  v ic in i ty  of the  nucleus  (N), a per ic i l i a ry  suleus is f o r m e d  as 
the  cell m e m b r a n e  (C) info lds  to the  po in t  where  i t  ref lects  to cover  the  shaf t .  The  c i l i a ry  mic ro tubu le s  (M) are  i n t e r c o n n e c t e d  b y  de l ica te  
t r a n s v e r s a l  e lements .  Severa l  Golgi  a p p a r a t u s e s  (G) a n d  n u m e r o u s  dense  g ranu les  (DG) s u r r o u n d  the  base  of the  c i l ium which  con ta in s  
a vesicle (arrow) of a size a n d  a p p e a r a n c e  s imi la r  to the  smal le r  Golgi  vesicles. The  p r o x i m a l  eentr iole  (PC) is in a p l ane  a lmos t  pe rpend i -  
c u l a r  to the  basa l  body .  (F) Cross -s t r ia ted  f i l ament .  • 52,500. 

Fig.  2. De ta i l  of the  base  of the  c i l ium in  a n e u r o n  of n o r m a l  sp ina l  cord.  The  b a s a l  b o d y  (BB) is i m m e d i a t e l y  u n d e r n e a t h  the  cell sur-  
face.  The  cell m e m b r a n e  (C) ref lects  on  i tself  to cover  the  s h a f t  (S). S t r i a t e d  f i l amen t s  r u n  para l le l  to  a p r o m i n e n t  Golgi  a p p a r a t u s  (G). 
The  l o n g i t u d i n a l  s u b u n i t s  f o r m i n g  the  f i l amen t s  a re  especia l ly  p r o m i n e n t  a t  the  po in t s  i n d i c a t e d  b y  the  th i ck  ar rows.  Dense 
i r r e g u l a r  g ranu les  (DG) are  p resen t  be tween  the  basa l  b o d y  a n d  the  Golgi  a p p a r a t u s .  The  t h in  a r r o w  po in t s  a t  a vesicle wi th  dense  con- 
t e n t  p r o t r u d i n g  f rom a Golgi  e is ternae .  • 75,000. 
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the i r  surface s ide-arms of low electron dens i ty  and  blurred  
l imits  (Figure 1). The to ta l  l eng th  of the  shaf t  has  no t  been  
de te rmined .  However ,  the  cil ium in Figure  2 ran  a t rajec-  
t o ry  of more  t h a n  2 [xm into the  neuropi le  closely a t t ached  
to a dendr i te  or ig inat ing  in the  same cell. The  p rox imal  
centriole is located nex t  to t he  basal  b o d y  or dis ta l  
centriole and app rox ima te ly  90 ~ f rom it (Figure 1). The 
Golgi appa ra tu s  is also cons t an t ly  associa ted wi th  the  
base of the  cilium. Often  two or more  of these  s t ruc tures  
can be coun ted  in a single section, suggest ing t h a t  ac tual ly  
a cluster  of t h e m  encircles the  basal  body.  A var iable  
n u m b e r  of dense granular  masses  70-80 n m  in size and 
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i rregular  in profile are general ly p resen t  in the  area be- 
tween  the  Golgi e lements  and the  basal  body  (Figures 1 
and 2). S t r ia ted  f i laments  of indef ini te  longi tude  are con- 
s t an t l y  seen in associat ion wi th  the  basal  body.  They  are 
composed  of longi tudinal ly  ar ranged subuni ts  (Figure 2), 
abou t  7 n m  thick,  crossed at  50 n m  intervals  by  bars  of 
e lec t ron-dense  material .  Some cross-sections of cilia have  
been examined  showing the  9 + 0 p a t t e r n  of micro tubules  
which is usual in neural  cilia, and  a single cilium of the  
9 +  2 p a t t e r n  was also observed.  Due to  the  size of t he  
neurons  the  chances  for a sect ion to in tersec t  a ci l ium are 
low and it is easy to  overlook a cross-section of cilimn. 
Thus  it is difficult  to  assess t he  percen tage  of cil iated 
neurons  in the  spinal  cord. 

Discussion. Func t iona l  quest ions  re la ted  to the  neural  
cilia remain  open. One concerns  t he  possible mot i l i ty  of 
these  s t ructures .  Cilia exh ib i t ing  a 9 +  0 p a t t e r n  are 
usually considered non-moti le .  However ,  there  is increas-  
ing evidence 2~ 28 t h a t  t he  9 +  0 p a t t e r n  does normal ly  
exist  in moti le  forms and th is  could be the  case wi th  t he  
neural  cilia. A t  any  rate,  the  crucial ques t ion  is w h a t  pur-  
pose, if any, is subserved  by  them.  The opinions in t he  
l i te ra ture  are divided.  Sensory funct ions  of an unspecif ied 
na tu re  were a t t r i bu t ed  to the  9 +  0 cilia by  several  
au thors  on the  basis of SJ6ST~AND'S 2~ pioneer  descr ip t ion  
of the  highly  modif ied  cilium of re t inal  rods. However ,  
2 sources of evidence make  this  general iza t ion untenable .  
First ,  t he  exis tence of 9 + 2 cilia in sensory receptors  25-28 
indicates  t h a t  lack of cent ra l  fibers is no t  synonymous  
wi th  sensory funct ion.  Second, 9 + 0 cilia do occur in t he  
mos t  diverse celI types  of var ious  organs 5 to  which  no 
sensory proper t ies  can be reasonably  a t t r ibu ted .  

The cilia being found  in an increasing n u mb er  of neural  
s t ruc tures  are a lways in associat ion wi th  the  Golgi 
appara tus .  Thus  some metabol ic  re la t ionship is suggested,  
pe rhaps  the  release under  the  form of dense granular  
bodies of subs tances  concen t ra t ed  by  the  Golgi c is ternae 
and incorpora ted  by  the  cilium. I t  is hoped  t h a t  fu ture  
exper imenta l  work  will be able to answer  some of these  
quest ions.  

Resumen. Un estudio electro-microsc6pico de la m6dula 
espinal  del axalote  revel6 la exis tencia  de neuronas  
ciliadas, t a n t o  en medulas  normales  como en segmentos  
medulares  imp lan tados  po t  t i empos  variables  en la aleta  
dorsal  de animales  de la mi sma  especie. La cilia que es 
finica e i m p l a n t a d a  cerca de una  dendr i t a  se ext iende  en 
la neuropi la  por  una longi tud de varios txm. 
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T o x i c i t y  of D e o x y c h o l a t e  at p H  b e l o w  7 .3  as  a P o t e n t i a l  C a n c e r o s t a t i c  P r o p e r t y  

Deoxychol ic  acid (DCA) is known  to  increase the  per- 
meabi l i ty  of cell membranes .  In  our expe r imen t s  wi th  
decorpora t ion  of meta ls  f rom yeas t  cells using DCA 
(details will be  publ i shed  elsewhere), we found a s t r iking 
effect  of p H  at  biological ionic s t r eng th  and  t e m p e r a t u r e  
(Figure 1). The decorpora t ion  of (labelled) cobal t  takes  
place only below p H  7.3, and  the  onset  of the  biological 
ac t iv i ty  is ex t raord inar i ly  sharp.  As any  e l iminat ion  of 
essent ial  meta ls  lowers t he  v iabi l i ty  of ceils, a s tudy  was 

made  on the  over-all  toxic  ac t iv i ty  of DCA in dependence  
on pH.  

Methods. Commercia l  baker ' s  yeas t  (product ion Kolln) 
was used;  100 mg (or less) of i t  was agi ta ted  in s toppered  
tubes  wi th  8-20 ml of a solut ion conta in ing  a co n s t an t  
a m o u n t  of DCA (product ion Spofa, CSSR) and of 
K H @ O  4 ; concent ra t ion  of N a O H  and NaC1 were var iable  
so t h a t  a t  any  p H  used the  ionic s t r eng th  remained  con- 
s t an t  0.16. The t e m p e r a t u r e  of 37~ was main ta ined ,  


