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immed ia t e ly  pos tmor t em,  t hen  all the  fibres in the  biceps 
brachi i  muscle wen t  into rigor mor t i s  in a s t re tched  
posit ion.  A recent  s t u d y  on only  the  mouse  biceps brachi i  
muscle t h a t  en te red  rigor morr is  in a s t r e t ched  posi t ion 
ind ica ted  a s ignif icant  nega t ive  correla t ion be tween  
muscle fibre d iamete r  and the  leng th  of the  sarcomeres  ]5. 
This obse rva t ion  was no t  conf i rmed by  the  p resen t  s t u d y  
on similarly t r e a t ed  skeletal  muscles f rom the  mouse and  
the  turkey.  

The results  of th is  s t u d y  d e m o n s t r a t e  the  impor t ance  of 
l imb posi t ion in de te rmin ing  the  length  of sarcomeres  and  
the  d i ame te r  of f ibres in rigor muscles.  This is an im- 
p o r t a n t  cons idera t ion  in the  appl icat ion o f  in format ion  
on the  d imens ions  of muscle fibres to  an u n d e r s t an d i n g  of 
the  ana tomica l  funct ion  of skeletal  muscles  and  in s tudies  
on muscle g rowth  and deve lopment .  

15 A.C. Hooper and J. P. Hanrahan, Life Sci. 16, 775 (1976). 
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Summary .  Only a morphological  difference exists  be tween  gerbil  and the  h u m a n  pineal  acervuli .  Ne i the r  qua l i t a t ive  
nor  q u a n t i t a t i v e  differences in the  chemical  compos i t ion  be tween  b o t h  gerbil  and  h u m a n  bra in  sand have  been found,  
The mineral  of the  gerbil  pineal  acervuli  is, as in the  human ,  also h y d r o x y a p a t i t e .  

One of t he  character is t ics  of the  pineal  body  of Mongolian 
gerbils is a cons t an t  presence of calcareous deposi ts  (acer- 
vuli, corpora  arenacea,  concre t ions  or b ra in  sand) found  
in all animals  11 weeks old and more  1, 2. F r o m  this  po in t  
of view, the  pineal  body  of the  gerbil is ve ry  similar  to 

Fig. 1. Gerbil pineal calcification. A widely interspaced needle-like 
crystals can be seen. • 140,000. 

Fig. 2. Human pineal calcification. This material is composed of 
smaller and considerably more condensed crystals (arrows). 
• 140,000. 
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Fig. 3. X-ray microprobe analysis of gerbil ( - - - )  and human acervuli 
( ). Note an identically qualitative and quantitative composition. 
Aluminiuln peak corresponds to the specimen bolder. 

t h a t  of the  adul t  human .  The organic ma t r i x  of the  gerbil  
acervuli  is composed  of a ca rbohydra te ,  p ro b ab l y  an acid 
mucopolysacchar ide ,  complexed  to a protein1.  The peri-  
phe ry  of some calcif icat ions shows an acid p h o s p h a t a s e  or 
an esterase ac t iv i ty  1. S ta ined  wi th  alizarin red, the  gerbil  
concret ions  give a posi t ive react ion ind ica t ing  the  pres-  
ence of calcium sal ts  2. This l ight  microscopic f inding is in 
good ag reemen t  w i th  the  observa t ions  of Pal ladini  e t  al. a 
concerning the  h u m a n  pineal  acervuli.  
A surpr is ingly  grea t  morphological  and h i s tochemica l  
resemblance  be tween  h u m a n  and gerbil  p ineal  calcifi- 
ca t ion has encouraged J a p h a  et  al. 1 to suggest  t h a t  t he  
la t te r  should be used as an excel lent  model  to explore the  
p h e n o m e n o n  of pineal  calcification. In  order  to give more  
accuracy to th is  unexpec ted  oppor tun i ty ,  it  is necessary  
to compare  the  fine morpho logy  and the  mineralogical  
composi t ion  of the  h u m a n  bra in  sand wi th  the  gerbil  
pineal  acervuli.  
Material and methods. The pineal  bodies of 5 male Mon- 
golian gerbils (Merio unguiculatus)  weighing 80 g were 
fixed by  in t racard ia l  perfus ion wi th  2% g lu ta ra ldehyde  
and 1% formol  in 0.1 mol cacodyla te  buffer  (720 mosmol ;  
p H  7.2). Af te r  a brief  r insing in the  same buffer,  the  pineal  
bodies were pos t f ixed  in 1~ OsO4 and e m b e d d e d  in Dur-  
cupan.  U l t r a t h i n  sect ions were cut  wi th  a d i amo n d  knife, 
con t ra s t ed  wi th  uranyl  ace ta te  and lead c i t ra te  and  
observed in Zeiss EM 9A electron microscope.  For  the  
microprobe  analysis,  some pineal  bodies  were d e h y d r a t e d  
and emb ed d ed  w i t h o u t  OsO 4 t r e a t m e n t  in Durcupan .  The 
1000 A th ick  sect ions of these  blocks were m o u n t e d  on 
nylon  grids and analysed  for 600 sec a t  25 kV in a Hi t ach i  
HU-12 t ransmiss ion  e lec t ron microscope equ ipped  wi th  
a P r ince tone  G a m m a  Tech X - r a y  energy dispers ive  device.  
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To compare  the  chemica l  compos i t ion  of t he  gerbi l  acer-  
vul i  w i t h  the  h u m a n  one, a para l le l  mic roana lys i s  was  
m a d e  w i t h  concre t ions  o b t a i n e d  f rom seven  65-75-year -  
old h u m a n s  of b o t h  sexes p r e p a r e d  in an  iden t ica l  way  as 
those  f rom the  an im a l s  16. 
Results. The  gerbi l  p inea l  concre t ions  h a v e  a spher ic  fo rm 
a n d  measu re  10-65 ~zm in d iamete r .  T h e y  are m o s t l y  
s i t u a t e d  in vacuoles  whose  walls  seem to  be  fo rmed  b y  a 
single clear  cell. U n d e r  low e lec t ron  microscope magnif i -  
ca t ion ,  the  acervul i  show a v e r y  d a r k  inne r  a n d  pe r iphe ra l  
c lear  zone. Whi l e  a fine f ibr i l la r  m a t e r i a l  occupies  t he  
la t te r ,  t h e  mine ra l  of t he  concre t ions  is localized in t h e  
d a r k  inne r  zone. I t  is composed  of r a n d o m l y  o r i en ted  ir- 
r egu la r  300 -1400 /k  long a n d  a b o u t  35-70 A t h i c k  needle-  
s h a p e d  and  wide ly  i n t e r s p a c e d  c rys ta l s  (figure 1). Fo r  
compar i son ,  t he  h u m a n  ace rvu l a r  m a t e r i a l  is also com- 
posed  of s imi la r  b u t  smal le r  needles (500 • 35 /k). T h e y  
are  more  regu la r  a n d  cons ide rab ly  more  condensed  t h a n  
those  in gerbi l  concre t ions  (figure 2). 
The  X - r a y  energy  d ispers ive  mic roana lys i s  reveals  a 
q u a l i t a t i v e l y  iden t ica l  m i ne r a l  compos i t i on  of b o t h  gerbi l  
a n d  h u m a n  p inea l  corpora  a r enacea  (figure 3). The i r  m a i n  
e l emen t s  are p h o s p h o r u s  and  ca lc ium w i t h  some t races  
of s t r o n t i u m ,  w h i c h  f r e q u e n t l y  accompan ies  Ca in bio-  
logical  depos i t s  4. For  t he  s u l phu r  peaks ,  i t  is di f f icul t  to  
say  w h e t h e r  th i s  e l emen t  o r ig ina tes  f rom su l fa ted  muco-  
po lysachar ides  of ace rvu la r  organic  m a t r i x  or f rom t h e  
e m b e d d i n g  med ium.  A s e m i - q u a n t i t a t i v e  compar i son  of 
t he  Ca and  P peaks  in a gerbi l  and  a h u m a n  ca lcu la ted  
a f t e r  Russ  5 ind ica tes  a re la t ive  difference less t h a n  2 .5%, 
wh ich  is cons ide rab ly  infer ior  to  t he  e r ror  of t he  in- 
s t r u m e n t  used. 

Discussion. Our  t r an smi s s ion  e lec t ron  microscope ana lys i s  
has  shown  t h a t  t he  h u m a n  ace rvu la r  m i n e r a l  is composed  
of cons ide rab ly  smal le r  and  m u c h  more  condensed  c rys ta l s  
t h a n  in t he  gerbi l  concre t ion .  This  morpho log ica l  f ea tu re  
c an  be  exp la ined  b y  t he  v e r y  g rea t  d i f ference of t he  age 
of t h e  mine ra l s :  whi le  the  gerbi ls  were 4 m o n t h s  old, our  
h u m a n  m a t e r i a l  came f rom 60-75-year -o ld  pa t i en t s .  The  
c o n f i r m a t i o n  of our  h y p o t h e s i s  is found  in a work  of 
Boiv in6 :  in a s t u d y  of t he  e x p e r i m e n t a l  ca lc iphy lax i s  of 

t h e  connec t ive  t issue, he  ha s  d e m o n s t r a t e d  t h a t  t he  mor-  
pho logy  of t h e  h y d r o x y a p a t i t e  changes  du r ing  t h i s  pro-  
cess. E x t r a p o l a t i n g  his  f ind ing  to our  mate r ia l ,  one can  
see t h a t  t he  y o u n g e s t  c rys ta l s  found  a t  t he  beg inn ing  of 
ca lc iphy lax i s  cor respond  morpho log ica l ly  to  those  of the  
gerbil ,  and  those  obse rved  a t  t he  end  of t he  e x p e r i m e n t  
h a v e  t he  iden t ica l  u l t r a s t r u c t u r e  as h u m a n  ace rvu l a r  
minera l .  
As a l r eady  known,  t he  m a t e r i a l  of h u m a n  p inea l  con-  
c re t ions  is h y d r o x y a p a t i t e  or c a r b o n a t e  apat i teT-K T h e  
fac t  t h a t  t he  X - r a y  mic roana lys i s  ha s  de tec ted  a n  iden t i -  
ca l ly  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  compos i t ion  of h u m a n  
a n d  gerbi l  co rpora  a renacea ,  suggests  t h a t  t he  l a t t e r  cor- 
r e sponds  also to t he  bone  minera l .  On t h e  o the r  h a n d ,  t he  
f ind ing  of t h e  p r e sen t  s t u d y  conf i rms  t h a t  the  sugges t ion  
of J a p h a  1 to  cons ider  the  gerbi l  p inea l  acervul i  as a mode l  
for  a n a l y z i n g  t he  m e c h a n i s m  of p inea l  ca lc i f ica t ion  u n d e r  
con t ro l l ed  condi t ions ,  is comple t e ly  real izable .  

10 With technical assistance of Miss Ch. Thommen and Mr P.-A. 
Milliquet. The authors wish to thank Dr T. Jalanti (C. M. E. 
Lausanne) for his help with the use of the X-ray microanalyzer. 
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Summary. In j ec t i ons  of yeas t  t R N A  to C57BL mice decreased  t akes  a n d  i n h i b i t e d  g r o w t h  of syngene ic  t r a n s p l a n t e d  
t umor s .  Mice r e m a i n i n g  free of t u m o r s  as r e su l t  of th i s  t r e a t m e n t  fai led to  deve lop  t u m o r s  a f te r  cha l lenge  w i t h  5 • 104 
cells of t he  same tumor .  

R e c e n t l y  we r epo r t ed  2 t h a t  mice in jec ted  w i t h  t r a n s f e r  
R N A  ( tRNA)  showed changes  in p l aque - f o r m i ng  cells 
(PFC) for sheep red cells (SRC) and  phagocy tos i s  of r a t  
red  cell s (RRC). Essent ia l ly ,  i.p. in jec t ions  of yeas t  t R N A  
s ign i f i can t ly  depressed  t h e  n u m b e r s  of P F C  in C57BL 
a n d  C3H mice i m m u n i z e d  w i t h  SRC. H e p a t i c  and  splenic  
phagocy tos i s  of 51Cr-labeled R R C  was m a r k e d l y  r educed  
in t R N A - t r e a t e d  C3H mice. Th i s  r e p o r t  deals  w i t h  effects  
on  t akes  a n d  g r o w t h  of syngene ic  t r a n s p l a n t e d  t u m o r s  in  
mice  in jec ted  w i t h  yeas t  t R N A ,  or t R N A  der ived  f rom 
syngene ic  l iver  or r a t  l iver.  Y e a s t  t R N A  was p u r c h a s e d  
f rom S igma  Labo ra t o r i e s  (Cat. No. R2876).  t R N A  f rom 
mouse  l iver  a n d  l iver  of Lewis  r a t s  was  p r e p a r e d  b y  us ing  
t h e  t e c h n i q u e  of K i r b y  ~ w i t h  m i n o r  modi f ica t ions .  Mice 
of s t r a in s  C57BL/6  a n d  C3H/eb,  f rom 9 to  15 weeks old, 
were used. T r a n s p l a n t e d  t u m o r s  were de r ived  f rom sar-  
comas  i n d u c e d  in  mice  of t h e  a p p r o p r i a t e  s t r a i n  b y  s.c. 
i n j ec t i on  of 0.6 m g  of m e t h y l c h o l a n t h r e n e  dissolved in 
0.3 ml  of ol ive oil. T he  t u m o r s  were passaged  syngene i -  
ca l ly  b y  s.c. i nocu la t i on  of 105 v iab le  t u m o r  cells sus- 
p e n d e d  in 0.5 ml  of p h o s p h a t e  buf fe red  sal ine (PBS) .  
Groups  of con t ro l  a n d  e x p e r i m e n t a l  mice  were m a t c h e d ,  
w i t h  e x p e r i m e n t a l  mice  r e c e i v i n g  3 i.p. in jec t ions  of 
t R N A  dissolved in P B S  d u r i n g  t h e  week  p reced ing  in-  
ocu la t ion  of t he  t u m o r .  A d d i t i o n a l  3 in jec t ions  per  week  
of t R N A  were c o n t i n u e d  t h r o u g h o u t  t h e  e x p e r i m e n t .  

The  t ab l e  s u m m a r i z e s  resu l t s  of 7 e x p e r i m e n t s  in  w h i c h  
ma le  C57BL mice were inocu la ted  w i t h  sa rcomas  of 2 
l ines (T3 a n d  T5). I n h i b i t i o n  of t u m o r  g r o w t h  in mice  
t r e a t e d  w i t h  yeas t  t R N A  was obse rved  in all expe r imen t s ,  
as i nd i ca t ed  b y  t he  lower va lues  of t u m o r  weight ,  ex-  
pressed  as pe r cen t  of b o d y  weight .  The  differences were 
s t a t i s t i ca l ly  s ignif icant ,  e x c e p t  for e x p e r i m e n t  V I ;  t h e  
p -va lue  of 0.06 found  in  e x p e r i m e n t  I I  is of bo rde r l ine  
s t a t i s t i ca l  s ignif icance.  Doses of t R N A  per  in j ec t ion  
r a n g e d  f rom 100 to  600 ~tg. E x p e r i m e n t  I V  suggests  a 
dose- re la ted  i n h i b i t i o n  of t u m o r  g rowth ,  i n a s m u c h  as 
100 tzg were ineffect ive,  whi le  200 a n d  400 ~g showed in-  
c reas ing  effect iveness.  
I n  a d d i t i o n  to  i n h i b i t i n g  t u m o r  g rowth ,  yeas t  t R N A  also 
r educed  t he  n u m b e r  of t a k e s  of t he  t umor s .  As shown  in 
t h e  tab le ,  58 ou t  of 60 con t ro l  mice deve loped  progres-  
s ively  growing t umor s ,  whe reas  th i s  was  t he  case for 65 
o u t  of 90 yeas t  t R N A - t r e a t e d  mice, w i t h  25 r e m a i n i n g  
free of t u m o r .  Ana lys i s  of t h e  dif ference b y  m e a n s  of t h e  
chi  square  t e s t  y ie lded a Z 2 of 14.5, co r respond ing  to  
p < 0 . 0 0 1 .  W e i g h t s  of l iver  a n d  spleen, expressed  as per-  
c en t  of b o d y  weight ,  t e n d e d  to be  d i rec t ly  p r o p o r t i o n a l  
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