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ge la t inosa ,  whereas ,  a ve r t i ca l  d i spos i t i on  of f ibers  a n d  
b o u t o n s  a b o u n d s  (F igure  3) in  t h e  v e n t r a l  ha l f  of t h e  
nucleus .  Spar se  t e r m i n a l  d e g e n e r a t i o n  in  t h e  ge t a t inosa  
can  also be  d e m o n s t r a t e d  in  t h e s e  cases w i t h  t h e  NAUTA 
m e t h o d .  I t  is i m p o r t a n t  to  recal l  t h a t  SZENT~{.GOTHAI'S a n d  
SPRAG~JE a n d  HA's  r e p o r t  of ge la t inosa  a f f e ren t s  were  m a d e  
in ca t s  s u r v i v i n g  4, a n d  3 a n d  5 days ,  respec t ive ly .  O u r  
p r e s e n t  r e su l t s  are  in  accord  w i t h  t h e i r  f indings .  W e  h a v e  
also seen  in  a few selected sec t ions  of t h e  m o n k e y ,  de-  
g e n e r a t e d  f ibers  cours ing  in  close a p p o s i t i o n  t o  t h e  pene-  
t r a t i n g  d e n d r i t e s  of W a l d e y e r ' s  a n d  nuc leus  p rop r iu s  cells. 
C o m p a r a b l e  para l le l  s tud ies  of dorsa l  r oo t  d e g e n e r a t i o n  
h a v e  been  p e r f o r m e d  r e c e n t l y  in  t h e  r a t  a n d  ca t  b y  
HEIMER a n d  WALL (personal  c o m m u n i c a t i o n ) .  T h e i r  
r e su l t s  also d e m o n s t r a t e  dense  b o u t o n  d e g e n e r a t i o n  in t h e  
ge l a t inosa  fo l lowing t h e  a p p l i c a t i o n  of t h e  FINK a n d  
HEIMER m e t h o d s  to  t h e  p rob l em.  

I n  s u m m a r y ,  w i t h  a p p r o p r i a t e  se lec t ion of s u r v i v a l  
t i m e s  a n d  t h e  app l i c a t i on  of t h e  NAUTA, FINK a n d  HEIMER 
m e t h o d s ,  dorsa l  roo t  t e r m i n a l  f ibers  a n d  b o u t o n s  can  be  
d e m o n s t r a t e d  u p o n  t he  p e r i k a r y a  a n d  d e n d r i t e s  of gela- 
t i n o s a  neurons ,  a n d  u p o n  t h e  p e n e t r a t i n g  d e n d r i t e s  be- 
long ing  to  W a l d e y e r ' s  a n d  nuc leus  p rop r iu s  neurons .  A 
r i che r  t e r m i n a l  p l exus  is e v i d e n t  w i t h  t h e  FINN a n d  
HEIMER m e t h o d s .  T h e  p r e s e n t  r e su l t s  serve  to  c o r r o b o r a t e  
t he  GOLGI da ta ,  exp la in  t h e  d ive r s i t y  of f ind ings  us ing  t h e  

s ame  exper inaen ta l  m e t h o d  for d e g e n e r a t e d  fibers,  a n d  
co n f i rm  a n d  e x t e n d  b y  f u r t h e r  e x a m p l e  t h e  a d v a n t a g e s  
a f fo rded  b y  use  of t h e  m e t h o d s  of FINN a n d  HEIMER 1°-1~ 
for  t h e  s t u d y  of f iber  c o n n e c t i o n s  in  t h e  c e n t r a l  n e r v o u s  
s y s t e m  x8 

Zusammen[assung. Es wird m i t  Hilfe  v o n  Degene ra t ions -  
v e r s u c h e n  bei  K a t z e n  u n d  R h e s u s a f f e n  gezeigt,  dass  Ner-  
v e n f a s e r n  aus  d e r  dor sa len  W u r z e l  a n  d en  Zel ten  d e r  
S u b s t a n t i a  ge la t inosa ,  des  D e n d r i t e n  au f  Nuc leus  dorsa l i s  
u n d  v o n  W a l d e y e r  in  de r  S u b s t a n t i a  ge la t inosa  enden .  
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Clarification of the Osmiophi l ic  Granules of the Rat Pinealocytes  by p-Chlorophenyla lanin  

T h e  m a m m a l i a n  ep iphys i s  ha s  long  been  suspec ted  of 
p e r f o r m i n g  a n  endoc r ine  func t i on  (cf. rev iew b y  WURT- 
MANN a n d  AXELROD, 1965), a n d  m a n y  a u t h o r s :  B o s s  a n d  
GUNEK 1, DE MARTINO e t  al. 3,3, PROp4, for example ,  h a v e  
t r i ed  b y  va r ious  e x p e r i m e n t a l  m e a n s  to  acqu i re  m o r p h o -  
logical  ev idence  t h a t  will con f i rm  t h i s  suppos i t ion .  

Our  p r e s e n t  pu rpose  is to  p u t  fo rward  t he  t e n t a t i v e  
resu l t s  of our  s tud ies  in  f a v o u r  of t he  h y p o t h e s i s  s t a t e d  b y  
DE MARTINO et  al., who  suspec t  t he  osmiophi l ic  g ranu les  
in  t h e  r a t  ep iphys i s  of c o n t a i n i n g  se ro ton in  a n d  me la ton in .  
W e  also wish to  sugges t  how these  2 s u b s t a n c e s  could  be 
secre ted .  

A d u l t  a lb ino  r a t s  a re  g iven  2 i.p. i n j ec t ions  of 100 m g  
p - c h l o r o p h e n y l a l a n i n  (PCPA)  a t  24 h in te rva l s .  24 h a f t e r  
t he  second in j ec t ion  t he  u r e t h a n e - a n a e s t h e t i z e d  r a t s  unde r -  
go i.v. g l u t a r a l d e h y d e - p e r f u s i o n  5. The  ep iphys i s  are  pos t -  
f ixed in o s m i u m  t e t r o x i d e  a n d  e m b e d d e d  in E p o n  e. U l t r a -  
t h i n  sec t ions  a re  d o u b l y  s t a i ned  w i t h  2 %  u r a n y l  a c e t a t e  
a n d  w i t h  lead c i t r a t e  ~. 

T h e  p inea locy te s  of con t ro l  r a t s  f ixed in s imi la r  condi -  
t i ons  c o n t a i n  osmiophi l ic  g ranu les  t h a t  a re  e i t h e r  i so la ted  
or  g rouped  in smal l  c lus te r s  (Figure  1), a n d  whose  e lec t ron-  
d e n s i t y  var ies  f rom b l ack  to  grey.  Severa l  c i s t e rnae  of 
s m o o t h  endop l a smic  r e t i cu lum,  as well  as n u m e r o u s  poly-  
somes  were  obse rved  s u r r o u n d i n g  t h e  granules .  These  are  
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E. S. REYNOLDS, J. Cell Biol, 17, 209 (1963). 

Fig. 1. Pinealocytes of a control rat, showing the characteristic 
appearance of osmiophilie granules (G). These arc surrounded by 
both cisternae of smooth endoplasmic reticulum (]') as well as by 
numerous potysomes (~ ) .  The pineatocytes are separated from the 
perivascular space (pv) by a thin basement menlbrane. N, nucleus; 
is, iuterceUular cleft, x 11,900. 
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Fig. 2. Pinealocyte cytoplasm of a PCPA-treated rat. The granules 
(G) are noticeably clarified and several primary lysosomes (ty) can 
be seen in their vicinity. A dense granular substance is found between 
the clear granules (~). × 11,400. 

Fig. 4. PCPA-treated rat. Pinealocyte cytoplasm showing an area of 
focal degenerescence. In this area bound by several layers of mem- 
brane (~), the cytoplasm is characterized by its fibrillar appearance 
and by its lack of ribosomes. In the centre of this area lies a residual 
body (rly) also surrounded by several tiers of membrane (~) .  
N, nucleus. × 18,000. 

no t  b o u n d  by  a uni t  m e m b r a n e .  The p inea locy te  cy top l a sm 
also con ta ins  p r i m a r y  lysosomes t h a t  are of ten  in close 
p r o x i m i t y  to  t he  granules.  

Af te r  P C P A - t r e a t m e n t  the  granules  in the  p inea locy tes  
no longer  have  the  same appearance .  Thei r  opac i ty  is so 
g rea t ly  reduced  as to  make  t h e m  e lec t ron- lucent ,  par t icu-  
lar ly  a t  the i r  pe r iphe ry  (Figure 2). Moreover  a dense  
g ranu la r  subs tance ,  t he  n a t u r e  and  i m p o r t a n c e  of which  
remains  as ye t  unknown ,  can be seen b e t w e e n  t h e  c leared 
granules.  

A second charac te r i s t i c  change  in t he  p inea locy tes  of 
P C P A - t r e a t e d  ra t s  consis ts  of an  increase in t he  n u m b e r  
of p r i m a r y  lysosomes (Figures 2 and  3). These  are general ly  
observed  near  the  clarified granules  w i th  which  t h e y  are 
somet imes  in d i rec t  contac t .  The cy top l a sm of several  
p inea loey tes  shows areas of focal degenerescence,  and  con- 
ta ins  residual  bodies  whose  s t ruc tu re  r eminds  us of 
granules  in the  process  of d iges t ion (Figure 4). 

P C P A  is known  to  inh ib i t  t he  t r y p t o p h a n e - h y d r o x y l a s e  s 
and  consequen t ly  se ro ton in  syn thes i s  as well. The produc-  
t ion  of me la ton in  too  m u s t  be cons iderab ly  reduced,  since 
se ro ton in  is necessary  for i ts  synthesis ' ,1° .  

Fig. 3. PCPA-treated rat. Small area of pinealoeyte cytoplasm 
containing a particularly large number of primary lysosomes (ly). 
ga, Golgi apparatus; mvb, multivesieular body. × 18,000, 
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T h e  c la r i f i ca t ion  of t h e  g ranu le s  a f t e r  P C P A - t r e a t m e n t  
t h e r e f o r e  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e y  c o n t a i n  mela -  
t o n i n  a n d  se ro ton in ,  b o t h  k n o w n  for t h e i r  o s m i u m  af- 
f in i ty  *. 

The  fac t  t h a t  t h i s  c la r i f ica t ion  is a c c o m p a n i e d  b y  a n  
inc rease  in  t h e  n u m b e r  of p r i m a r y  lysosomes  c a n  be  in te r -  
p r e t e d  in  severa l  w a y s :  (a) u n d e r  n o r m a l  cond i t ions ,  lyso- 
somes  m i g h t  be  i n v o l v e d  in t h e  d i scha rge  (secret ion ?) of 
i n d o l a m i n e s  f rom osmiophi l ic  g ranu les  where  t h e y  are  
s to red  n .  U n d e r  in f luence  of PCPA,  wh ich  p r e v e n t s  syn-  
thes i s  of new amines ,  t h e  s tock  would  be  h e a v i l y  sol l ic i ted 
(c lar i f ica t ion  of t h e  granules)  a n d  t h e  lysosomes  t he r e fo re  
in  g rea t  d e m a n d  : (b) t he  increase  in lysosomes  m i g h t  be in 
c o n n e c t i o n  w i t h  t h e  areas  of focal  degenerescence  found  
in  severa l  p inea locy tes ,  a n d  m a y  be  r e l a t ed  to  t he  fo rma-  
t i o n  of r e s idua l  bod ies ;  (c) t h e  inc rease  in lysosomes  m a y  
be  a non-spec i f ic  r e a c t i o n  to  P C P A  1~-14. 

Rdsumd. L ' a d m i n i s t r a t i o n  de PCPA,  u n  i n h i b i t e u r  de  la 
s y n t h ~ s e  de  la  s6 ro ton ine  e t  de  la mSla ton ine ,  e n t r a i n e  la 
c la r i f i ca t ion  des  g ranu le s  osmioph i l e s  de  l ' 6p iphyse  du  r a t  
b lanc .  Ce t t e  o b s e r v a t i o n  es t  en  f a v e u r  de l ' h y p o t h ~ s e  selon 

laquel te  la s6 ro ton ine  e t  la m ~ l a t o n i n e  s o n t  des  c o n s t i t u -  
a n t s  des  g ranu le s  osmiophi les .  De plus,  p lus ieurs  h y p o -  
th6ses  son t  propos6es  pou r  exp l ique r  l ' a u g m e n t a t i o n  des  
lysosomes  p r ima i r e s  cons t a t6e  para l l61ement  ~ la clar if ica-  
t i on  des  granules .  
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A New Class of Cytostatic Folic Acid Antagonists 
its Boron Compounds 

1 - ( 3, 4 - D i c h l o r o p h e n y l  ) - 5 - i sopropy l  - b i g u a n i d e  - h y d r o  - 
ch lor ide  (Chlorguani l ,  I) ha s  b e e n  found  to  possess  a h i g h  
a n t i m a l a r i a l  a c t i v i t y  1,2. W i t h  t h e  fol lowing e x p e r i m e n t a l  
a n d  cl inical  work  we were able  to  d e m o n s t r a t e  t h e  species 
d e p e n d e n c e  of t h e  effect  of I o n  h e m a t o p o i e s i s  a n d  
t u m o u r s .  

E//ect on hematopoiesis. (a) Mouse,  ra t ,  r a b b i t  a n d  dog. 
T h e  h i g h e s t  t o l e r a t e d  doses of 10 m g / k g  da i ly  i.p. or  
20 m g / k g  da i ly  o ra l ly  h a d  no  in f luence  on  t he  h e m a t o -  
poiesis  of mice  a n d  ra ts .  R a b b i t s  e v e n  t o l e r a t e d  doses  of 
50 m g / k g  da i ly  ora l ly  for  20 d a y s  w i t h o u t  deve lop ing  
leucopenia .  The  dog ' s  hematopo ies i s ,  too,  is r e s i s t a n t  to  13. 
(b) Gu inea -p ig  a n d  cat .  T h e  h e m a t o p o i e s i s  of t he  guinea-  
p ig  is v e r y  sens i t ive  to  I. Gu inea -p igs  we igh ing  220-250 g 
were  g i v e n  da i ly  doses  of I in  a q u e o u s  so lu t ion  e i t h e r  b y  
t h e  i.p. or  t h e  ora l  route .  G r o u p s  of 5 a n i m a l s  were used 
for  each  dose. The  n u m b e r  of l eucocytes  was d e t e r m i n e d  
da i ly  or  e v e r y  o t h e r  day.  T h e  resu l t s  of t h e  effect  of I in  
d i f f e ren t  doses  on  t h e  n u m b e r  of l eucocytes  in  t h e  peri-  
p h e r a l  b lood  c a n  be  seen  f r o m  t h e  Tab le .  A dose  of 6 m g / k g  
da i ly  i.p. leads  w i t h i n  7 days  to  a r a p i d  fall of t h e  leucocytes  
f rom a m e a n  v a l u e  of 6800 to  700 l eucocy te s /mm~ blood.  
I n  lower  doses t h e  l eucopen ia  is less m a r ked .  I n  f u r t h e r  
i n v e s t i g a t i o n s  i t  was  obse rved  t h a t  g ranu lopo ies i s  as  well  
as  l ymphopo ie s i s  is depressed,  SCHXRER 3 also f o u n d  t h a t  
t h e  c a t  showed  a v e r y  sens i t ive  r e sponse  to  t h e  a d m i n i s t r a -  
t i o n  of I. (c) Man.  P a t i e n t s  w i t h  neop las t i c  diseases  were 
g i v e n  I i .v. or  oral ly .  Doses  of 1-2  mg]kg  da i ly  r e su l t ed  in 
m a r k e d  l eucopen ia  a n d  t h r o m b o c y t o p e n i a  a f t e r  1 -3  
weeks  4. 

E][ect on tumours. (a) Mouse.  T he  fo l lowing t r a n s p l a n t -  
ab le  t u m o u r s  were  used :  E h r l i c h  ca rc inoma ,  solid form, 
E h r l i c h  asc i tes  c a r c i n o m a  a n d  Crocker  s a r c o m a  S 180. T h e  
m a x i m u m  t o l e r a t e d  da i ly  doses  of 10 m g / k g  i.p. or  20 m g / k g  
ora l ly  g iven  f rom t h e  f i rs t  d a y  a f t e r  i m p l a n t a t i o n  d i d  n o t  
i n h i b i t  t h e  g r o w t h  of these  t u m o u r s .  (b) Ra t .  2 r a t  t m n o u r s  
were  used :  W a l k e r  c a r c i n o s a r c o m a  256 a n d  u t e r u s  ep i the -  
l i o m a  (Gu6rin)  T 8. W i t h  t h e  s ame  dose schedule  as  t h a t  
a d m i n i s t e r e d  to  mice,  t h e  r a t  t u m o u r s  were  n o t  in f luenced .  
(c) Man.  I n  p r e l i m i n a r y  cl inical  work  4 i t  was  f o u n d  pos-  

1-(3,4-Dichlorophenyl)-5-isopropyl-biguanide and 

s ible  to  ach ieve  some t e m p o r a r y  o b j e c t i v e  remiss ions  in  
H o d g k i n s '  disease,  l y m p h o s a r c o m a ,  r e t i cu losa rcoma ,  
p leura l  e n d o t h e l i o m a  a n d  b r o n c h i a l  ca rc inoma .  A n  opt i -  
ma l  dosage  schedu le  h a s  no t  ye t  b e e n  w o r k e d  out .  

Mechanism o/action. T h e  l e u c o p e n i a - i n d u c i n g  ef fec t  of 
I in  gu inea-p igs  c an  be  a n t a g o n i z e d  b y  f o r m y l  t e t r a h y d r o -  
folic acid ( T H F A )  5. N o t  on ly  t he  bone  m a r r o w  depres s ion  
b u t  also t h e  loss of we igh t  a n d  t h e  l e t h a l i t y  are  r educed  or  
p r e v e n t e d  b y  t h e  p r o p h y l a c t i c  use of fo rmyl  t e t r a h y d r o -  
folic acid.  G r o u p s  of 5 gu inea-p igs  were  g iven  6 m g / k g  I 
da i ly  i.p. w i t h o u t  or  w i t h  t h e  a d d i t i o n  of d i f f e ren t  doses of 
T H F A .  A dose of 6 m g / k g  I da i ly  for 6 days  r e su l t s  in  t he  
a b o v e  m e n t i o n e d  leucopenia ,  in  a r ap id  we igh t  loss a n d  
in t he  d e a t h  of all  a n i m a l s  w i t h i n  6 - 9  days .  I f  12 m g ] k g  
T H F A  is g iven  i.p. da i ly  30 m i n  before  t h e  a d m i n i s t r a t i o n  

Effect of I on the leucocytes in the peripheral blood of guinea-pigs 

Daily dose I Leucocytes 
rng/kg i.p. 

Day 1 Day 5 Day 7 Day 14 

0.5 5400 3700 3900 4600 
1 6500 3600 3700 3900 
2 9000 3100 3400 3100 
4 6800 3400 1900 No survivors 
6 6800 1200 700 No survivors 

Each value is the mean of 5 guinea-pigs. 
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